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Chemical Changes and Energy Changes Revision Booklet 

Chemistry Paper 1 

AQA TRILOGY Chemistry (8464) from 2016 Topics T5.4 Chemical changes 

Topic Student Checklist R A G 

5.
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Describe how metals react with oxygen and state the compound they form, define 
oxidation and reduction 

   

 Describe the arrangement of metals in the reactivity series, including carbon and 
hydrogen, and use the reactivity series to predict the outcome of displacement reactions 

   

 Recall and describe the reactions, if any, of potassium, sodium, lithium, calcium, 
magnesium, zinc, iron and copper with water or dilute acids 

   

 Relate the reactivity of metals to its tendency to form positive ions and be able to deduce 
an order of reactivity of metals based on experimental results 

   

 Recall what native metals are and explain how metals can be extracted from the 
compounds in which they are found in nature by reduction with carbon 

   

 Evaluate specific metal extraction processes when given appropriate information and 
identify which species are oxidised or reduced 

   

5.
4.

2 
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 HT ONLY: Describe oxidation and reduction in terms of loss and gain of electrons    

 HT ONLY: Write ionic equations for displacement reactions, and identify which species 
are oxidised and reduced from a symbol or half equation 

   

 HT ONLY: Explain in terms of gain or loss of electrons that the reactions between acids 
and some metals are redox reactions, and identify which species are oxidised and which 
are reduced (Mg, Zn, Fe + HCl & H2SO4) 

   

 Explain that acids can be neutralised by alkalis, bases and metal carbonates and list the 
products of each of these reactions 

   

 Predict the salt produced in a neutralisation reaction based on the acid used and the 
positive ions in the base, alkali or carbonate and use the formulae of common ions to 
deduce the formulae of the salt 

   

 Describe how soluble salts can be made from acids and how pure, dry samples of salts 
can be obtained 

   

 Required practical 8: preparation of a pure, dry sample of a soluble salt from an insoluble 
oxide or carbonate using a Bunsen burner to heat dilute acid and a water bath or electric 
heater to evaporate the solution 

   

 Recall what the pH scale measures and describe the scale used to identify acidic, neutral 
or alkaline solutions 

   

 Define the terms acid and alkali in terms of production of hydrogen ions or hydroxide 
ions (in solution), define the term base 

   

 Describe the use of universal indicator to measure the approximate pH of a solution and 
use the pH scale to identify acidic or alkaline solutions 

   

 HT ONLY: Use and explain the terms dilute and concentrated (in terms of amount of 
substance) and weak and strong (in terms of the degree of ionisation) in relation to 
acids 

   

 HT ONLY: Explain how the concentration of an aqueous solution and the strength of an 
acid affects the pH of the solution and how pH is related to the hydrogen ion 
concentration of a solution 

   

5
.4

.3
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 Describe how ionic compounds can conduct electricity when dissolved in water and 
describe these solutions as electrolytes 

   

 Describe the process of electrolysis    

 Describe the electrolysis of molten ionic compounds and predict the products at each 
electrode of the electrolysis of binary ionic compounds 

   

 Explain how metals are extracted from molten compounds using electrolysis and use the 
reactivity series to explain why some metals are extracted with electrolysis instead of 
carbon 

   

 Describe the electrolysis of aqueous solutions and predict the products of the electrolysis 
of aqueous solutions containing single ionic compounds 

   

 Required practical 9: investigate what happens when aqueous solutions are electrolysed 
using inert electrodes 
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 HT ONLY: Describe the reactions at the electrodes during electrolysis as oxidation and 
reduction reactions and write balanced half equations for these reactions 

   

 

 

 

5.4.1 Reactivity of Metals 

 

AQA TRILOGY Chemistry (8464) from 2016 Topics T5.5 Energy changes 
Topic Student Checklist R A G 

5.
5.

1 
Ex

o
th

er
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ic
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n
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en
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 r
ea

ct
io

n
s  Describe how energy is transferred to or from the surroundings during a chemical reaction     

 Explain exothermic and endothermic reactions on the basis of the temperature change of the 
surroundings and give examples of everyday uses 

   

 Required practical 10: investigate the variables that affect temperature changes in reacting solutions     

 Describe what the collision theory is and define the term activation energy    

 Interpret and draw reaction profiles of exothermic and endothermic reactions, inc identifying the 
relative energies of reactants and products, activation energy and overall energy change 

   

 HT ONLY: Explain the energy changes in breaking and making bonds and calculate the overall energy 
change using bond energies 
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EXAM QUESTIONS: 

 

Q1. 
The diagram shows a circuit that is used in a torch. Electrons flow through this circuit. 

  

(a)     Why is copper used for the wire? 

___________________________________________________________________ 

(1) 

(b)     The diagram shows the structure of an atom of lithium. 

  

          Name the particle labelled Z. 

___________________________________________________________________ 

(1) 

(c)     The table shows some properties of the metals used in the electrical circuit. 
  

Metal 
Melting point in 

°C 
Boiling point in  

°C 
Reaction with oxygen 

Copper 1083 2582 
Reacts slowly to form a 
thin oxide layer on 
surface 

Lithium 179 1317 
Reacts rapidly to form 
oxide 

Tungsten 3370 5930 Reacts only when very 



 
Page 6 of 47 

hot to form oxide 

(i)      Use information from the table to suggest the order of reactivity for copper, 
lithium and tungsten. 

most reactive   _____________________________ 

                          _____________________________ 

least reactive    _____________________________ 

(2) 

(ii)     The filament wire glows because it gets very hot. 

         Use information from the table to suggest one reason why tungsten is used for 
the filament wire in the light bulb. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(d)     The gas used in the light bulb is argon. 

          Draw a ring around the correct word in the box to complete the sentence. 
  

  

Argon is used in the light bulb because it is 

dense. 

solid. 

unreactive. 

  

. 

(1) 

(Total 6 marks) 

Q2. 
The table gives information about some metals. 

  

Name of the metal Cost of one tonne of the 
metal in December 2003 (£) 

Percentage of the metal 
in the crust of the earth 

(%) 

Aluminium 883 8.2 

Platinum 16720000 0.0000001 

Iron 216 4.1 

Gold 8236800 0.0000001 

(a)     Use information in the table to suggest why gold and platinum are very expensive 
metals. 

___________________________________________________________________ 

___________________________________________________________________ 
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(1) 

(b)     Aluminium and iron are made by reduction of their ores. 

(i)      Name the element that is removed from the ores when they are reduced. 

______________________________________________________________ 

(1) 

(ii)     Use the reactivity series on the Data Sheet to suggest a metal that would 
reduce aluminium ore. 

______________________________________________________________ 

(1) 

(c)     Aluminium is made by the reduction of molten aluminium ore, using a very large 
amount of electricity. 

(i)      How is iron ore reduced in a blast furnace to make iron? 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     Suggest why aluminium is more expensive than iron. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(Total 6 marks) 

Q3. 
The 50 Eurocent coin is made from an alloy called ‘Nordic Gold’. 

  

          The pie chart shows the percentage by mass of each metal in ‘Nordic Gold’. 
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(a)     (i)      Calculate the percentage of aluminium, Al, in the coin. 

_________________________________________________________ 

(1) 

(ii)     The 50 Eurocent coin has a mass of 7 grams. 
Calculate the mass of zinc, Zn, in this coin. 

______________________________________________________________ 

______________________________________________________________ 

Mass of zinc = ____________________ g 

(2) 

(b)     Zinc is extracted by removing oxygen from zinc oxide. 

(i)      What name is given to a reaction in which oxygen is removed from a 
substance? 

_________________________________________________________ 

(1) 

(ii)     Explain how oxygen can be removed from zinc oxide to make zinc. Use the 
reactivity series on the Data Sheet to help you 

_________________________________________________________ 

_________________________________________________________ 

_________________________________________________________ 

_________________________________________________________ 

(2) 

(Total 6 marks) 
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5.4.2 Reactions of Acids 

 

 

(HT only) 
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5.4.2 Reactions of Acids 

EXAM QUESTIONS 

Q1. 
The pH scale is a measure of the acidity or alkalinity of a solution. 

(a)     Draw one line from each solution to the pH value of the solution. 
  

Solution   pH value of the solution 

  

    5 

      

Acid   7 

      

    9 

      

Neutral   11 

      

    13 

(2) 

(b)     Which ion in aqueous solution causes acidity? 

Tick one box. 
  

H+ 

 

Na+ 

 

O2− 

 

OH− 

 

(1) 

(c)     When sulfuric acid is added to sodium hydroxide a reaction occurs to produce two 
products. 

The equation is: 

             H2SO4  +  2NaOH     Na2SO4  +  2H2O 

How many elements are in the formula H2SO4? 
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Tick one box. 
  

3 
 

4 
 

6 
 

7 
 

(1) 

(d)     What is this type of reaction? 

Tick one box. 
  

Decomposition 
 

Displacement 
 

Neutralisation 
 

Reduction 
 

(1) 

(e)     Name the salt produced. 

___________________________________________________________________ 

(1) 

(f)     Describe how an indicator can be used to show when all the sodium hydroxide has 
reacted with sulfuric acid. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 9 marks) 



 
Page 14 of 47 

Q2. 
A student plans a method to prepare pure crystals of copper sulfate. 

The student’s method is: 

1.   Add one spatula of calcium carbonate to dilute hydrochloric acid in a beaker. 
2.   When the fizzing stops, heat the solution with a Bunsen burner until all the liquid is 

gone. 

The method contains several errors and does not produce copper sulfate crystals. 

Explain the improvements the student should make to the method so that pure crystals of 
copper sulfate are produced. 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

(Total 6 marks) 

Q3. 
Tablets to cure indigestion contain a mixture that has been designed as a useful product. 

(a)     Complete the sentence. 

Choose the answer from the box. 
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catalyst formulation hydrocarbon solvent 

Tablets to cure indigestion are an example of a ____________________ . 

(1) 

The table shows the substances in one tablet. 
  

Substance 
Mass 
in mg 

Sodium 
hydrogencarbonate 

64 

Calcium carbonate 522 

Magnesium carbonate 68 

(b)     The total mass of these substances in the tablet is 654 mg 

What is the approximate fraction of magnesium carbonate in the total mass of these 
substances? 

Tick one box. 
  

        

(1) 

(c)     The tablets also contain sugar. 

Suggest why. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(d)     Sodium hydrogencarbonate cures indigestion by reacting with acid in the stomach. 

What type of reaction is this? 

Tick one box. 
  

Combustion 
 

Displacement 
 

Neutralisation 
 

(1) 

A student adds an indigestion tablet to dilute hydrochloric acid. 

(e)     The gas produced is bubbled through limewater. 
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The gas turns the limewater milky. 

Name the gas produced. 

___________________________________________________________________ 

(1) 

(f)      Water is also produced. 

Which two statements are reasons why water is a liquid at room temperature? 

Tick two boxes. 
  

Water has a boiling point of 100 °C 
 

Water has a giant covalent structure 
 

Water has a melting point lower than room 
temperature 

 

Water has delocalised electrons 
 

Water is made of ions 
 

(2) 

(g)      Calcium chloride is also produced. 

•        The formula for a calcium ion is Ca2+ 

•        The formula for a chloride ion is Cl– 

What is the formula of calcium chloride? 

Tick one box. 
  

CaCl 
 

Ca2Cl 
 

CaCl2 

 

Ca2Cl2 

 

(1) 

(h)     The tablets are stored in glass bottles. 

The flow chart shows part of a flowchart for recycling glass. 

Complete the flow chart. 

Choose the answers from the box. 
  

crushed electrolysed frozen melted oxidised 
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(2) 

(Total 10 marks) 

Q4. 
This question is about acids and bases. 

(a)  Which ion is found in all acids? 

Tick one box. 
  

Cl− 

 

H+ 

 

Na+ 

 

OH− 

 

(1) 

(b)  Zinc nitrate can be produced by reacting an acid and a metal oxide. 

Name the acid and the metal oxide used to produce zinc nitrate. 

Acid _______________________________________________________________ 

Metal oxide _________________________________________________________ 

(2) 

(c)  In an equation, zinc nitrate is written as Zn(NO3)2(aq). 

What does (aq) mean? 

Tick one box. 
  

Dissolved in water 
 

Insoluble 
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Not all reacted 
 

Reactant 
 

(1) 

(d)  The pH of a solution is 8 

Some hydrochloric acid is added to the solution. 

Suggest the pH of the solution after mixing. 

pH = _____________________________ 

(1) 

(e)  Table 1 shows the solubility of three solids in water at room temperature. 

Table 1 
  

Solid 
The mass of the solid that 

dissolves in 100 cm3 of 
water 

Phosphorus oxide 50 g 

Silicon dioxide 0 g 

Sodium hydroxide 100 g 

A teacher labelled these three solids A, B and C. 

She gave a student the information shown in Table 2 

Table 2 
  

Solid 
Observation when added to 

water 
pH of the solid in 

water 

A colourless solution 14 

B colourless solution 2 

C solid does not dissolve 7 

Describe a method that could be used to identify each of the three solids A, B 
and C. 

You must use an indicator in the method. 

Use information in Table 1 and Table 2 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(Total 9 marks) 
 
 

 

5.4.3 Electrolysis 
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5.4.3 Electrolysis 

EXAM QUESTIONS 

Q1. 
This question is about electrolysis. 

(a)     How many different elements are in the formula AgNO3? 

Tick one box. 
  

2 
 

3 
 

5 
 

6 
 

(1) 

(b)     How many atoms are in the formula AgNO3? 

Tick one box. 
  

2 
 

3 
 

5 
 

6 
 

(1) 

An electric current is passed through silver nitrate solution. 

Figure 1 shows the apparatus. 

Figure 1 
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The solution contains four ions: 
•        Ag+ 

•        H+ 

•        NO3
– 

•        OH– 

(c)     Where do the H+ and OH– ions come from? 

Tick one box. 
  

Air 
 

Electrodes 
 

Silver nitrate 
 

Water 
 

(1) 

(d)     Ag+ ions and H+ ions are attracted to the negative electrode (cathode). 

Give a reason why. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(e)     Silver is produced at the negative electrode (cathode) and not hydrogen. 

What does this tell you about the reactivity of silver? 

Tick one box. 
  

Silver is less reactive than 
hydrogen 

 

Silver is less reactive than 
oxygen 
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Silver is more reactive than 
nitrate 

 

Silver is more reactive than 
water 

 

(1) 

(f)      The hydroxide ion (OH–) is attracted to the positive electrode (anode). 

The equation shows what happens at the positive electrode (anode). 

4OH– → 2H2O + O2 + 4e– 

Name the gas produced at the positive electrode (anode). 

___________________________________________________________________ 

(1) 

(g)     An electric current is passed through sodium chloride solution. 

Figure 2 shows the apparatus. 

Figure 2 

 

After passing an electric current through sodium chloride solution one product is 
sodium hydroxide (NaOH) solution. 

The presence of sodium hydroxide can be shown by adding an indicator. 

Name an indicator. 

Give the colour of the indicator in sodium hydroxide solution. 

Indicator __________________________________________________________ 

Colour ____________________________________________________________ 

(2) 

(Total 8 marks) 

Q2. 
This question is about electrolysis. 
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A student investigates the mass of copper produced during electrolysis of copper chloride 
solution. 

The diagram below shows the apparatus. 

  

(a)  Which gas is produced at the positive electrode (anode)? 

Tick one box. 
  

carbon dioxide 
 

chlorine 
 

hydrogen 
 

oxygen 
 

(1) 

(b)  Copper is produced at the negative electrode (cathode). 

What does this tell you about the reactivity of copper? 

Tick one box. 
  

Copper is less reactive than hydrogen 
 

Copper is less reactive than oxygen 
 

Copper is more reactive than carbon 
 

Copper is more reactive than chlorine 
 

(1) 
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The table below shows the student’s results. 
  

  Total mass of copper produced in mg 

Time in mins Experiment 1 Experiment 2 Experiment 3 Mean 

1 0.60 0.58 0.62 0.60 

2 1.17 1.22 1.21 1.20 

4 2.40 2.41 2.39 2.40 

5 3.02 X 3.01 3.06 

(c)  Determine the mean mass of copper produced after 3 minutes. 

___________________________________________________________________ 

___________________________________________________________________ 

Mass = ______________________ mg 

(1) 

(d)  Calculate the mass X of copper produced in Experiment 2 after 5 minutes. 

Use the table above. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Mass X = ______________________ mg 

(2) 

(e)  The copper chloride solution used in the investigation contained 300 grams per dm3 
of solid CuCl2 dissolved in 1 dm3 of water. 

The students used 50 cm3 of copper chloride solution in each experiment. 

Calculate the mass of solid copper chloride used in each experiment. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Mass = ______________________ g 

(3)(Total 8 marks) 
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Q3. (HT) 
This question is about electrolysis. 

(a)     Figure 1 shows the apparatus used to electrolyse silver nitrate (AgNO3) solution. 

Figure 1 

 

Name the product discharged at each electrode. 

Write a half equation for the reaction at each electrode. 

Product at negative electrode (cathode) ___________________________________ 

Half equation for negative electrode 

___________________________________________________________________ 

Product at positive electrode (anode) _____________________________________ 

Half equation for positive electrode 

___________________________________________________________________ 

(4) 

(b)     Figure 2 shows the apparatus used to electrolyse sodium chloride (NaCl) solution. 

Figure 2 
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Hydrogen and chlorine are produced. 

Explain how another different product is formed in solution during this electrolysis. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(Total 8 marks) 
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5.5.1 Endothermic and exothermic reactions 
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EXAM QUESTIONS 

Q1. 
This question is about compounds of oxygen. 

The reaction between carbon and oxygen is exothermic. 

(a)     What does exothermic reaction mean? 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(b)     Which is the correct reaction profile (energy level diagram) for an 
exothermic reaction? 

Tick one box. 
  

  

 

  

 

  

 

(1) 

(c)     The percentage by mass of oxygen in carbon dioxide (CO2) is calculated 
by the equation: 
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Relative atomic masses (Ar):      C = 12      O = 16 

Calculate the percentage by mass of oxygen in carbon dioxide (CO2). 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Percentage by mass of oxygen = ____________________ % 

(3) 

Hydrogen peroxide decomposes to produce water and oxygen. 

(d)     Balance the chemical equation. 

____ H2O2 → ____H2O + O2 

(1) 

(e)     6.8 g of hydrogen peroxide decomposes to produce 3.6 g of water. 

Calculate the mass of oxygen produced when 68 g of hydrogen peroxide 
decomposes. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Mass of oxygen = ____________________ g 

(2) 

(Total 8 marks) 

Q2. 
Some students investigated the change in temperature as sodium hydroxide 
solution is added to dilute sulfuric acid. 

This is the method used. 
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1.     Put 25 cm3 of dilute sulfuric acid into a polystyrene cup. 

2.     Measure the initial temperature of the dilute sulfuric acid. 

3.     Add 4 cm3 of sodium hydroxide solution to the dilute sulfuric acid. 

4.     Stir the mixture. 

5.     Measure the highest temperature of the mixture. 

6.     Repeat steps 3‒5 until 40 cm3 of sodium hydroxide solution have been 
added. 

Figure 1 shows the apparatus the student used. 

Figure 1 

 

(a)     The volume of sodium hydroxide solution is a variable. 

Which two words can be used to describe this type of variable? 

Tick two boxes. 
  

Categoric 
 

Continuous 
 

Control 
 

Dependent 
 

Independent 
 

(2) 
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(b)     The dilute sulfuric acid has an initial temperature of 24.0 °C 

Figure 2 shows the highest temperature. 

Figure 2 

 

Calculate the change in temperature. 

___________________________________________________________________ 

Temperature = ____________________ °C 

(2) 

Figure 3 shows the students’ results. 

Figure 3 

 

(c)     Determine the volume of sodium hydroxide solution that gives the highest 
temperature change. 

Use Figure 3 to help you answer this question. 

Volume = ____________________ cm3 

(1) 

(d)     In Figure 3 the temperature when 16 cm3 of sodium hydroxide solution is 
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added is anomalous. 

Suggest one error that could have been made in the method which would 
cause this anomalous result. 

__________________________________________________________________ 

___________________________________________________________________ 

(1) 

(e)     The sodium hydroxide solution in this investigation contains 80 grams per 
dm3 

The students use 40 cm3 of sodium hydroxide solution. 

Calculate the mass of sodium hydroxide in 40 cm3 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Mass = ____________________ g 

(3) 

(Total 9 marks) 

Q3. 
This question is about temperature changes. 

(a)     A student investigated the temperature change when 8 g of sodium nitrate 
dissolves in 50 cm3 of water. 

The diagram below shows the apparatus the student used. 

  

The student did the experiment five times. 
Table 1 shows the results. 
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Table 1 

Experiment 
Decrease in 

temperature of water 
in °C 

  1 5.9 

  2 5.7 

  3 7.2 

  4 5.6 

  5 5.8 

(i)      Calculate the mean decrease in temperature. 
Do not use the anomalous result in your calculation. 

______________________________________________________________ 

______________________________________________________________ 

Mean decrease in temperature = ___________________ °C 

(2) 

(ii)     Suggest one change in the apparatus in the diagram above which 
would improve the accuracy of the results. 
Give a reason for your answer. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(b)     The student investigated the temperature change when different masses of 
sodium carbonate were added to 50 cm3 of water at 20 °C. 

Table 2 below shows the results. 
  

Table 2 

Mass of sodium 
carbonate in g 

Final temperature of 
solution in °C 

    2.0 21.5 

    4.0 23.0 

    6.0 24.5 

    8.0 26.0 
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  10.0 26.6 

  12.0 26.6 

  14.0 26.6 

Describe the relationship between the mass of sodium carbonate added 
and the final temperature of the solution. 

Use values from Table 2 in your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 7 marks) 

 

HT ONLY 
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EXAM QUESTION (HT) 

Q1. 
Exothermic reactions transfer energy to the surroundings. 

(a)     Draw a reaction profile for an exothermic reaction using the axes in Figure 
1. 

Show the: 

•        relative energies of the reactants and products 
•        activation energy and overall energy change. 

Figure 1 
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(2) 

(b)     Combustion is an exothermic reaction. 

Calculate the overall energy change for the complete combustion of one 
mole of methane in oxygen. 

  
  

Bond Bond energy in kJ / mol 

 413 

 498 

 805 

 464 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 
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Overall energy change = __________________ kJ / mol 

(3) 

(c)     Figure 2 shows the chemicals given to a student. 

Figure 2 

  

The student wants to investigate the reactivity of the four metals. 

Outline a plan the student could use to investigate the relative reactivity of 
the four metals, W, X, Y and Z. 

The plan should use the fact that all four metals react exothermically with 
dilute sulfuric acid. 

You should name the apparatus used and comment on the safe use of the 
chemicals. 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________



 Page 43 of 47 

________ 

(6) 

(d)     Another student used displacement reactions to investigate the relative 
reactivity of the four metals, W, X, Y and Z. 

The table below shows the student’s results. 
  

  Observations 

Solution Metal W Metal X Metal Y Metal Z 

Copper nitrate 
Brown layer 
formed on 

metal 

Brown layer 
formed on 

metal 

Brown layer 
formed on 

metal 
No change 

Magnesium 
sulfate 

No change No change No change No change 

Sulfuric acid 
Gas 

bubbles 
produced 

Few gas 
bubbles 

produced 

Gas 
bubbles 

produced 
No change 

Zinc chloride 
Grey layer 
formed on 

metal 
No change No change No change 

Give the order of reactivity of metals, W, X, Y and Z. 

Use the results in the table above to justify your answer. 

  

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

(3) 

(e)     The student concluded that these results could also be used to justify the 
order of reactivity of copper, magnesium, hydrogen and zinc. 

The student is not completely correct. Use the results in the table above 
to explain why. 

Suggest one further experiment that would provide evidence for the 
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student’s conclusion. 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

(4) 

(Total 18 marks) 

Q2. 
This question is about energy changes in chemical reactions. 

(a)     Balance the chemical equation for the combustion of methane. 

CH4          +          O2          →          CO2          +          H2O 

(1) 

(b)     Alcohols are used as fuels. 

A group of students investigated the amount of energy released when an 
alcohol was burned. The students used the apparatus shown in the 
diagram below. 
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In one experiment the temperature of 50 g of water increased from 22.0 °C 
to 38.4 °C. 
The mass of alcohol burned was 0.8 g. 

Calculate the heat energy (Q) in joules, released by burning 0.8 g of the 
alcohol. 
Use the equation: 

Q = m × c × ΔT 

Specific heat capacity (c) = 4.2 J / g / °C 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

___________________________________________________________
________ 

Heat energy (Q) = ____________________ J 

(3) 

(c)     The chemical equation for the combustion of ethanol is: 

C2H5OH     +     3O2     →     2CO2     +     3H2O 

(i)      The equation for the reaction can be shown as: 
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Bond 
Bond energy in 

kJ per mole 

C –– H 413 

C –– C 347 

C –– O 358 

C  O 799 

O –– H 467 

O  O 495 

Use the bond energies to calculate the overall energy change for this 
reaction. 

_______________________________________________________
_______ 

_______________________________________________________
_______ 

_______________________________________________________
_______ 

_______________________________________________________
_______ 

_______________________________________________________
_______ 

_______________________________________________________
_______ 

Overall energy change = ___________ kJ per mole 

(3) 

(ii)     The reaction is exothermic. 
Explain why, in terms of bonds broken and bonds formed. 

_______________________________________________________
_______ 

_______________________________________________________
_______ 

_______________________________________________________
_______ 

_______________________________________________________
_______ 

(2) 

(iii)     Complete the energy level diagram for the combustion of ethanol. 
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On the completed diagram, label: 

•        activation energy 
•        overall energy change. 

  

(3) 

(Total 12 marks) 


