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Welcome to the Brilliant Tutoring Programme 

Welcome to the Brilliant Tutoring Programme, run by The Brilliant Club. This programme is 
designed to help you boost your confidence, knowledge, and skills in a core subject. Your 
teacher has selected you because you are already doing well at school but believes that 
with extra support from this tuition you can achieve even more ambitious grades and 
reach your full potential. 

You’ll be covering core school subjects, working in a small tutorial group with a PhD 
researcher or Masters student as your tutor. This means that the programme also offers you 
the opportunity to widen your understanding of university.  

You’ll be in a group with three other pupils and will have 15 hours of tutoring. This will usually 
be delivered virtually over Microsoft Teams. 

Tutorial Description 

Tutorial 1 
You tutor will introduce themselves and tell you a bit about their research 
or degree subject. 

Tutorial 2-13 
These are the tutorials where your tutor will teach you around three 
modules based on your school curriculum. 

Tutorial 14 
This will be a refresher session where you will revisit a topic from one of the 
modules you have previously covered.  

Tutorial 15 
The final tutorial is for your tutor to give you feedback and for you to 
reflect on your progress. 
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Making the most of your tutorials 

The purpose of your tutorials is for you to learn, recap or revise topics that you will cover in 
school, and to help you feel more confident as you approach your exams. Your tutor will 
get you involved in activities and tasks to help you with this. To make the most of the 
tutorials, we expect you to: 

 Turn on your video and microphone if you can and feel comfortable doing so. 

 Engage with the activities your tutor sets and answer their questions via the chat 
functions or by using your microphone. 

 Use appropriate language, listen carefully and be respectful of your tutor and 
others in your group. 

 Be organised – log on in time for the start of your tutorial and bring this handbook 
and any stationary or equipment you might need. 

 Complete any surveys and Knowledge Checks that you are asked to do by your 
school or tutor. 

Knowledge Checks 

You’ll complete an online Knowledge Check at the start and end of each module, so that 
you, your tutor and your school can see how far you’ve progressed over the course of your 
tutorials.  

To complete the Knowledge Checks you should use the link provided by your tutor.   

If you’re not able to complete the questions online, they’re also in this handbook. You can 
complete them and either take a photo of your answers or type them in an email and send 
it to btpschools@thebrilliantclub.org along with your school and the name of your tutor. 

Contact us 

If you ever have any questions or need help from The Brilliant Club, contact us on: 

btpschools@thebrilliantclub.org 
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Module 1 - Moles 

Tutorial Topic 

Tutorial 1.1 Moles 

Tutorial 1.2 Amounts of Substances in Equations  

Tutorial 1.3 Percentage Yield and Atom Economy  

Tutorial 1.4 Moles and Gas Volumes  

 

Learning objectives 

In this module you will look at: 

1. Understanding and using moles, Avogadro’s Constant and mass when calculating 
the amount of substance. 

2. Calculating masses of substances from a balanced equation and vice versa.  

3. Calculating and using the percentage yield and atom economy for understanding 
a reaction pathway. 

4. Calculating volumes of gases using molar gas volume (r.t.p) using balanced 
equations.  
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Knowledge Check 1  
You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. The volume of one mole of any gas at room temperature and pressure is 24.0 dm3. How many moles of 
carbon dioxide is 95.0 cm3?  
 
A. 3.96 x 10-3 mol   
B. 3.96 mol   
C. 0.253 mol   
D. 253 mol  

 
2. 40 kg of titanium chloride was added to 20 kg of sodium. The equation for the reaction is:   

TiCl4 + 4 Na  Ti + 4 NaCl  
Relative atomic masses (Ar): Na = 23 Cl = 35.5 Ti = 48   
  
For a Stage 2 reaction the percentage yield was 92.3%. The theoretical maximum mass of titanium 
produced in this batch was 13.5 kg. The actual mass of titanium produced was: 
 
A. 12.5 kg  
B. 12 kg 
C. 13 kg 
D. 13.5 kg 

 

3. A student wanted to make 11.0 g of copper chloride.  The equation for the reaction is:  
CuCO3 + 2HCl → CuCl2 + H2O + CO2  
Relative atomic masses, Ar: H = 1; C = 12; O = 16; Cl = 35.5; Cu = 63.5  
 
What is the mass of copper carbonate the student should react with dilute hydrochloric acid to make 
11.0 g of copper chloride?   
 
A. 8.2g 
B. 11 g  
C. 9.7g 
D. 10.1 g 

 
4. What is the mass of 2 moles of carbon? (Ar Carbon = 12)  

A. 2.4 g  
B. 24 g  
C. 1.4 g  
D. 14 g  

 
5. How many moles are in 2 g of solid sodium hydroxide (NaOH)? (Ar of Na = 23, Ar of O = 16, Ar of H = 1).   

A. 0.05  
B. 0.5  
C. 0.07  
D. 80  

 



 

 

6 

 

Tutorial 1.1 - Moles 

In this tutorial you will look at: 

 Describing the measurement of amounts of substance in moles   

 Calculating number of moles of particles of a substance in a given mass of that 
substance and vice versa  

 Calculating the number of particles of a substance in a given number of moles or mass of 
that substance and vice versa  

Maths skills for this lesson: 

 Completing calculations with numbers written in standard form 

Learning activities 

Starter Activity 

What is a mole and why is it used in chemistry? 

 

 

 

 

The type of particles in a substance could be atoms, ions, molecules or electrons. 

The Avogadro constant is simply the name given to the number of particles per mole of a 
substance. It has the value and unit of 6.02 x 1023 mol-1. 

However, one mole of different substances have different masses (in grams) as shown in 
the table below: 

Substance Number of Moles Number of particles Mass of substance (g) 

CO2 1 6.02 x1023   44 

Na 1 6.02 x1023   23 

O2 1 6.02 x1023   32 

 

 

 

 

One mole of a substance is 6.02 x1023 of particles of that substance 
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This is because the number of moles of an element is linked to its relative atomic mass (Ar) 
or the number of moles of a molecule is linked to its relative molecular mass (Mr) via the 
following equation: 

 

 

 

 

Worked Example 1 

Calculate the number of moles in 90 g of water  

Answer: 

Number of moles =  
90 g

18
 = 5 mol 

                                     

Worked Example 2 

Calculate the mass in grams of 3 moles of potassium bromide  

Answer: 

Mass = mol x Mr 

          = 3 x 119 = 357 g  

 

To determine the number of particles (atoms, ions, molecules or electrons) in a substance, 
the following equation must be applied:  

 

 

 

Worked Example 3  

Calculate the number of molecules in 0.125 mol of carbon dioxide? 

Answer: 

Number of molecules = number of moles x Avogadro’s constant 

                                      = 0.125 mol x 6.02 x1023 mol-1 = 7.53 x 1023  

 

Formula of water is H2O 

Mr = (1x2) + 16 = 18  

Formula of potassium bromide is KBr 

Mr = 39 + 80 = 119  

Number of particles = number of moles x Avogadro’s constant 

 

Number of Moles =  mass of element or compound (in grams) 
    relative atomic mass (Ar) of element  
              OR relative molecular mass (Mr) of compound 
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Guided Example 

How many hydrogen atoms are in 0.200 mol of H2O? 

 

Summary Questions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Total Score:  ……..  /10 
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Exam-Style Questions 

1. 6.60 g of carbon dioxide was produced when 3.30 g of methane was burned 
in sufficient oxygen. Calculate the number of moles of carbon dioxide produced   

[2 marks]  

 

 

2. The value of the Avogadro constant is 6.02 × 1023 mol-1 

a) What is meant by the Avogadro constant?         [1 mark] 

 

b) Calculate the number of water molecules in 72 g of water. 

  Give your answer to 3 significant figures               [3 marks] 

 

 

 

Total Score:  ……..  /6  
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Tutorial 1.2 - Amounts of Substances in Equations 

In this tutorial you will look at: 

 Calculating masses of reactants or products from balanced equations, given the mass of 
one substance   

 Explaining why, in a reaction, the mass of product formed is controlled by the mass of the 
reactant which is not in excess  

 Deducing the stoichiometry of an equation from the masses of reactants and products  

Maths skills for this lesson:  

 Using arithmetic computation and ratio when determining empirical formulae, balancing 
equations   

 Changing the subject of a mathematical equation   

Learning activities 

Starter Activity 

1. Balance the equation for this reaction below, in which sodium chlorate(V) 
may be prepared by passing chlorine into hot aqueous sodium hydroxide. 

………Cl2   +  ……..NaOH   ……NaCl   + NaClO3   + 3H2 

2. Balance the equation below, in which nitric acid is formed by the reaction between 
dinitrogen tetroxide and water. 

……..N2O4   +  ……….H2O   ………..HNO3 + 2NO 

Balanced Equations 

Once a balanced equation has been created, the coefficients (the numbers in front of 
each chemical formula) illustrate the amount of each reactant and products in moles. 

For example, the balanced equation below shows: 2 moles of magnesium metal reacts 
with 1 mole of oxygen gas to form 1 mole of magnesium oxide 

2Mg(s) + O2 (g)  MgO (s) 

Note: If there is no coefficient in front of a chemical formula this means 1 mole of that 
substance is present. 

 

Worked Example 1  

In a sealed vessel, calcium carbonate decomposes to form calcium oxide and carbon 
dioxide.  

a) How much calcium oxide in grams could be obtained from 800,000 g of calcium 
carbonate  
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CaCO3 (s)  CaO (s) + CO2 (g) 

Step 1: Calculate the mass of calcium carbonate that has reacted 

 Moles of CaCO3 = mass ÷ Mr  

       = 800,000 g ÷ 100  

                              = 8000 mol  

Step 2: Determine the mole ratio of calcium carbonate to calcium oxide by using the 
coefficients of the balanced equation.  

CaCO3 (s)  CaO (s) + CO2 (g) 

                                           1mol     :     1 mol 

The balanced equation shows mole ratio of CaCO3 to CaO is 1:1 

Step 3: Use this information to calculate the theoretical moles of calcium oxide that is 
produced 

CaCO3 (s)  CaO (s) + CO2 (g) 

           1 mol     :    1 mol 

         8000 mol :   8000 mol 

Therefore when 8000 mol of CaCO3 is used up, 8000 mol of CaO is produced  

Step 4: Calculate the mass of calcium oxide produced by using your answer from step 3 
and the mole equation  

Mass of CaO = moles x Mr of CaO 

           = 8000 mol x 56 

          = 448,000 g 

b) Calculate the mass of CO2 that is produced 

To ensure the law of conservation of mass is applied: 

The total mass of reactants = Total mass of products 

Mass of CO2 produced = Mass of CaCO3 – mass of CaO  

                                                 used up              produced 

                                         = 800000 g - 448000 g 

                                         = 352,000 g   

In a chemical reaction, the amount of product that is produced is controlled by the limiting 
reactant. When the limiting reactant gets used up, the reaction stops and no more 
products can be formed. The number of moles of the limiting reactant can be used to 
determine the maximum mass of product that can be formed. 

 Mr of CaCO3 = Ar (Ca) + Ar (C) +  Ar (O x 3) 

                        = 40 + 12 + (16 x 3)  

 Mr of CaO = Ar (Ca) +  Ar (O) 

                    = 40 + 16  
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Guided Example 

22 g of iron (I) oxide reacts completely with excess carbon monoxide to form iron 
and carbon dioxide: 

FeO2 + 2CO → Fe + 2CO2 

Calculate the maximum mass of carbon dioxide that can be produced. 

Step 1: Determine the number of moles of the limiting reactant  

 

 

Step 2: Determine the mole ratio of iron (I) oxide to carbon dioxide by using the coefficients 
of the balanced equation. 

 

 

Step 3: Use this information to calculate the theoretical moles of carbon dioxide that is 
produced 

 

 

Step 4: Calculate the maximum mass of carbon dioxide that is produced by using your 
answer from step 3 and the mole equation  

 

 

Worked Example 2    

8.1 g of ZnO reacts completely with 0.60 g of C to form 2.2 g of CO2 and 6.5 g of Zn. Write a 
balanced symbol equation for this reaction  

Answer: 

Step 1: Create an unbalanced symbol equation based on the description from the question 

…….ZnO +……. C ……CO2  + ……. Zn 

Step 2: Calculate the moles of all the reactants and products 

…….ZnO  +     ……. C  ……CO2          + ……. Zn  

moles = mass/Mr      8.1 g ÷ 81  :  0.60 g ÷ 12 :  2.2 g ÷ 44    :  6.5 g ÷ 65 

               =    0.10 mol    :     0.05 mol  :  0.05 mol      :   0.10 mol   
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Step 3: Divide each mole by the smallest mole value (0.05 mol) to achieve a whole number 
mole ratio 

          …….ZnO   +       ……. C         ……CO2         +  ……. Zn  

mol  ÷ 0.05  =  0.10 mol÷0.05 :  0.05 mol÷0.05 : 0.05 mol÷0.05 :  0.10mol÷0.05 

                           =         2 mol        :         1  mol       :        1 mol        :    2  mol  

Step 4: Insert these whole number mole ratios into the balanced equation as coefficients  

2 ZnO + C  CO2  + 2 Zn 

Summary Questions 

 

Total Score:  ……..  /5 

Exam-Style Questions 

1. Magnesium and steam react to produce 
magnesium oxide and hydrogen gas. A student 
carried out the reaction in the apparatus shown. 
a) Deduce a balanced symbol equation for this 

reaction including state symbols       [2 marks]                                                   

 

b) The student used 2.00 g of magnesium in the reaction. Calculate the maximum mass 
of magnesium oxide produced.  Give your answer to 3 significant figures (s.f)   [3 marks] 
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2. Citric acid (C6H8O7) and sodium hydrogencarbonate (NaHCO3) react as shown in the 
equation:  C6H8O7 (s) + 3NaHCO3 (s)  3CO2 (g) +3H2O (l) + C6H5O7Na3(aq)  
a) Calculate the minimum mass of sodium hydrogencarbonate that is needed to 

ensure that all of 20.0 g of citric acid used up in the reaction. Give your answer to 3 
s.f.                   [4 marks] 

 

 

 

 

b) In a second repeat of this reaction a different mass of citric acid was used. At the 
end of this second repeat 7.2 g of water was collected. Calculate the mass of citric 
acid that reacted. Give your answer to 3 significant figures      [4 marks] 

 

 

 

 

3. The catalyst AOx has an Mr of 79.5 and can be made by reacting Metal A with oxygen 
gas.  The reaction is carried out using 14.10 g of Metal A in an excess of oxygen gas. At 
the end of the reaction 17.65 g of AOx had formed with no other products. 
a) Determine the formula of the catalyst (AOx) and metal A      [6 marks] 

 

 

 

 

 

 
b) Use your answer to part i) to write a balanced symbol equation for this reaction 

including state symbols           [2 marks]  

 

 
Total Score: ……..  /21 
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Tutorial 1.3 - Percentage Yield and Atom Economy 

In this tutorial you will look at: 

 Calculating the percentage yield of a reaction from the actual yield and the theoretical 
yield   

 Explaining why the actual yield of a reaction is usually less than the theoretical yield   

 Calculating the atom economy of a reaction to form a desired product from the 
balanced equation   

 Explaining why a particular reaction pathway is chosen to produce a specified product 
given appropriate data   

Maths skills for this lesson:  

 Completing arithmetic computation when calculating yields and atom economy 

Learning activities 

Starter Activity 

1. What does the term ‘yield’ mean? 

2. What does it mean if a reaction has 100% percentage yield? 

3. What do we need to know before we can work out the percentage yield of a reaction? 

 

 

The percentage yield of a reaction tells us about the overall success of an experiment. It is 
a percentage that compares the maximum theoretical yield and the actual yield. The 
theoretical yield = the maximum possible mass of a product that can be made in a 
chemical reaction. This can be calculated from the balanced symbol equation (see 
tutorial 2). The actual yield = the actual mass of the product you obtain from the reaction. 

The percentage yield of a reaction can be worked out via the following equation: 

 

 

 

 

 

 

 

 

Percentage Yield =  
Actual Yield

Theoretical Yield
 x100 
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Another way of writing the same equation is: 

 
 

 

Worked Example 1  

A company making sulfuric acid gets an actual yield of 74 tonnes. They predicted a yield 
of 85 tonnes. What is the percentage yield of this reaction? 

Answer: 

Percentage Yield =  
Actual Yield

Theoretical Yield
 x100  =  

74 tonnes
85 tonnes

 x100 

       = 87% 

Worked Example 2 

A chemist used 100g of salicylic acid to synthesise aspirin via the following chemical 
reaction: 

C7H6O3     +     C4H6O3     →     C9H8O4     +     CH3COOH 

   salicylic acid                                  aspirin 

When the chemist completed the reaction the actual mass of aspirin they obtained was   
85 g. Calculate the percentage yield of aspirin. Give your answer to 2 significant figures. 

The Mr of salicylic acid (C7H6O3) is 138. 
The Mr of aspirin (C9H8O4) is 180. 

Answer:  

Step 1: Calculate the theoretical yield of aspirin/maximum theoretical mass of aspirin.  

Moles of C7H6O3 = 100 g ÷138 = 0.725 mol  

Mole ratio of C7H6O3 to C9H8O4 is 1:1  

Therefore 0.725 mol of C9H8O4 is expected to be made 

Maximum theoretical mass of aspirin = mol x Mr 

                                                                  = 0.725 mol x 180  

                                                                 = 130.5 g 

Step 2: Determine the actual yield/mass of product actually made from the question: 

Actual yield/mass of product actually made = 85 g 

 

 

Percentage Yield =  
Mass of actual product made

Maximum theoretical mass of product
 x100 
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Step 3: Calculate the percentage yield of the reaction  

Percentage Yield =  
Actual Yield

Theoretical Yield
 x100  =  

85g
130.5

 x100 

                                 = 65% 

 

The reasons why percentage yields are less than 100% are: 

 The reaction doesn’t go to completion because the reaction is reversible 
 Some of the product may be lost when it is separated from the reaction mixture e.g. 

lost during filtration  
 Some of the reactants may react in ways different to the expected reaction i.e. 

unexpected side reactions may occur 
 
Percentage Atom Economy 

Atoms cannot be created or destroyed as highlighted by the law of conservation of mass. 
However not all atoms from reactants will end up in the desired product. In industry, 
chemists are interested in obtaining a high percentage atom economy of a reaction, 
which means ensuring a majority of the atoms in reactants end up in the desired product. 

The percentage atom economy tells us the percentage of atoms in the total reactants that 
make up the desired product. The percentage atom economy of a reaction can be 
worked out via the following equation:  

Note: Percentage atom economy can also be referred to as ‘atom economy’ 

The highest possible value of atom economy is 100%, when all the reactant atoms end up 
in the desired product 

 

Guided Example 

Calculate the percentage atom economy to produce iron:  

Fe2O3 + 3CO → 2Fe + 3CO2 

 

 

High percentage atom economies are important because they have economic, ethical 
and environmental benefits for industry and society, such as: 

 Less waste is produced  
 Manufacturing costs are reduced 

 

Percentage Atom Economy   = 
total Mr of the desired product

total Mr of all the reactants  
 x100 



 

 

18 

 

By comparing the percentage atom economies of different reactions that produce the 
same desired product, industrial chemists can make informed decisions about which 
reaction method they should use on a larger scale.  

Guided Example 

A company has 2 methods of making magnesium sulfate 

Method 1: MgO + H2SO4 ➔ MgSO4 + H2O 

Method 2: MgCO3 + H2SO4 ➔ MgSO4 + H2O + CO2 

Which method should the company select to mass produce magnesium sulfate? Show 
your working out. 

 

 

 

 

Summary Questions  

 

 

 

 

 

 

 

 

 

 

 

 

 

 Total Score:  ……..  /10 
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Exam-Style Questions 

1. A student aims to synthesise hydrated calcium sulfate crystals via the reaction 
method shown below  

Step 1: Thermal decompose calcium carbonate  

CaCO3 (s)  CaO (s) +CO2 (g)  

Step 2: Neutralise calcium oxide with an excess of sulfuric acid  

CaO (s) + H2SO4 (aq)  CaSO4 (aq) + H2O (l)  

Step 3: Filter the solution, then crystalise the filtrate by heating the water. 
 

a) For step 1, the student starts off with 24.00 g of calcium carbonate. At the end of 
step 1 the student obtained 4.75g of calcium oxide. Calculate the percentage yield 
of calcium oxide. Give your answer to 3 significant figures.     [6 marks] 

 

 

 

 

 

 

 

 
b) Calculate the percentage atom economy for step 2. Give your answer to 1 decimal 

place                                                  [3 marks] 

 

 

 

 
c) Another reaction method to synthesis calcium sulfate involves the following steps: 

Step 1: Add calcium carbonate to sulfuric acid until all the acid has reacted. 
Step 2: Filter the solution, then follow it to crystallise at room temperature  
The student says the 3-step process would give a higher percentage yield than the 
2-step process. Explain whether or not the student is correct.     [2 marks] 

 

 

 
 



 

 

20 

 

2. a)  Evaluate which process you would select for the mass production of ethanoic acid       
  [3 marks] 

1. Oxidation of Butane: 

2C4H10 (g) + 5O2 (g) 4CH3COOH(l)   + 2H2O (l) 

 

2. Ester Hydrolysis  

CH3COOCH2CH2CH3 (l) + H2O(l)  CH3COOH (l) +CH3CHCH2OH (l) 

 

 

 
 

b) A chemist has decided to go with the ester hydrolysis method for the mass 
production of ethanoic acid. Suggest one thing the chemist could do to help 
reduce the cost associated with this method                                                        [1 mark] 

 
Total Score: ……..  /15 

  

Heat  
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Tutorial 1.4 - Moles and Gas Volumes 

In this tutorial you will look at: 

 Describing the relationship between molar amounts of gases and their volumes and vice 
versa  

 Calculating the volumes of gases involved in reactions using the molar gas volume at 
room temperature and pressure   

 Calculating volumes of gases from a balanced equation and a given volume or mass of 
a reactant or product  

Maths skills for this lesson:  

 Converting units where appropriate particularly from mass to moles 

 Completing arithmetic computation, ratio, percentage and multistep calculations 
permeates quantitative chemistry  

 Providing answers to an appropriate number of significant figures  

Learning activities 

Starter Activity 

Three gases, H2, Ne and SO2 occupy the 
same volume of 24 dm3 at room 

temperature and pressure (r.t.p) 

a) Sally says ‘Since all three gases occupy the 
same volume at r.t.p., they must all have the same mass’. Is Sally correct? Explain your 
answer.  

 

 

b) Jill says ‘since all three gases occupy the same volume at RTP, they must all have the 
same number of moles’. Is Jill correct? Explain your answer. 

 

Avogadro’s Law 

At room temperature and pressure, Avogadro’s law specifically states: 

The volume of one mole of any gas is 24 dm3 

Note: Room temperature and pressure (r.t.p.) = 20
 
oC and 1 atmosphere pressure (1 atm).  
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Therefore at r.t.p. one mole of gas has a molar gas volume of 24 dm3 mol-1 or 24000 cm3 

mol-1. This can be illustrated by the following equation: 

Number of moles of gas = 
24 dm3

24 dm3mol-1 
 = 1 mol                                                                                      

The following equation is true for all gases at r.t.p:  

 

Thus, we can calculate the number of moles of any gas at r.t.p provided its volume is 
known and vice versa. 

At different temperature and pressures the molar gas volume can change. However, 
Avogadro’s Law states that at any particular temperature and pressure equal volumes of 
different gases contain an equal number of molecules. Therefore, the following generic 
equation can be applied for different temperatures and pressures. 

 

Worked Example 1:  

Calculate the volume of 0.20 mol of oxygen at room temperature and pressure 

Answer: 

Volume (dm3) = number of moles of gas x 24 dm3 mol-1                

  = 0.20 mol x 24 dm3 mol-1 = 4.8 dm3 

 

Worked Example 2  

Calculate the number of moles of carbon dioxide gas that occupies 360 cm3 at room 
temperature and pressure.  

Answer:  

Number of moles of gas = 
Volume (cm3)

24000 cm3mol-1   

      = 360 (cm3)

24000 cm3mol-1
                         

       =    0.015 mol  

 

Number of moles of gas = 
Volume (dm3)

24 dm3mol-1  = Volume (cm3)

24000 cm3mol-1   

Number of moles of gas = 
Volume (dm3)

Molar gas volume (dm3mol-1)
 

NOTE: 

There is no need to include the units 
when showing your working out. 

 E.g. writing the following is acceptable:  

Number of moles   =   
360

24000
  

                                 =   0.015 mol  
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OR 

360/1000 = 0.36 dm3 

Number of moles of gas = 
Volume (dm3)

24 dm3mol-1   

        = 
0.36 dm3

24 dm3mol-1
   = 0.015 mol 

Remember: a balanced symbol equation can help us to determine the moles of a product 
or reactant based on the mass of another substance the has been provided. 

Similarly, molar gas volumes can be used to calculate the volumes of gases from a 
balanced equation, given the volume or mass of a reactant or product has been provided 

Guided Example 

4.6 g of sodium reacts completely with water to form aqueous sodium hydroxide 
and hydrogen gas 

2Na(s) + 2H2O(l) → 2NaOH(aq) + H2(g) 

Calculate the volume in dm3 of hydrogen produced (molar volume = 24 dm3) 

Worked Example 3 

This reaction takes place in a car’s catalytic converter:  

2CO (g) + 2NO (g) → 2CO2 (g) + N2 (g) 

What is the total volume of gases produced when 12 dm3 of carbon monoxide reacts at 
r.t.p? 

Answer: 

Important: Since no masses have been provided to calculate moles using mol = mass/Mr , 
we must work directly with the mole ratios of the balanced equation to determine the total 
volume of gases produced.  

 The mole ratio of CO:CO2 is 1:1  
 Therefore if 12 dm3 of CO reacts then 12 dm3 of CO2 is produced 
 The mole ratio of CO: N2 is 2:1 
 Therefore if 12 dm3 of CO reacts then 6 dm3 of N2 is produced 

 
Therefore, the total volume of gas that is produced is 

 6 dm3 + 12 dm3  = 18 dm3 
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Summary Questions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Total Score:  ……..  /11 

Exam-Style Questions 
 
1. The following acid base reaction is carried out at room temperature and 
pressure: 

CaCO3 (s) + H2SO4 (aq)  CaSO4 (aq) + H2O (l) + CO2 (g) 

0.400g of calcium carbonate is reacted with an excess of sulfuric acid. Calculate the 
volume in dm3 of carbon dioxide gas that is produced (The volume of one mole of gas 
at room temperature and pressure is 24.0 dm3)                  [3 marks] 
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2. a) The decomposition of hydrogen peroxide can be illustrated by the following  
     equation: 

2H2O2 (aq)  2H2O (l) + O2  (g) 

When this decomposition reaction is carried out at room temperature and pressure, 
60 cm3 of oxygen gas is produced. Calculate the number of moles of oxygen gas 
produced (The volume of one mole of gas at room temperature and pressure is 24.0 
dm3)                          [2 marks] 

 

 

b) Calculate the maximum volume of oxygen gas that could be obtained from 48 g of 
hydrogen peroxide (The volume of one mole of gas at room temperature and 
pressure is 24.0 dm3)                          [3 marks] 

 

 

 

3. Ammonia, hydrogen and nitrogen gas all have different boiling points, but at the same 
temperature and pressure it was found that 1 mole of each gas occupied the same 
volume. Explain why.                                                     [3 marks] 

 

 

 

4. The synthesis of ammonia takes place via the Haber process. This is illustrated by the 
following equation: 

N2 (g) + 3H2 (g) ⇌2NH3 (g) 

Calculate the volume in cm3 of ammonia produced from the reaction of 795 dm3 of 
hydrogen (The volume of one mole of gas at room temperature and pressure is 24.0 
dm3).             [3 marks] 

 

 

 

Total Score: ……..  /14 
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Knowledge Check 2 
You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. In industry, methanol is produced by reacting carbon monoxide with hydrogen. The equation for the 
reaction is:   
CO(g) + 2H2(g) ⇌ CH3OH(g) 
How many moles of carbon monoxide react completely with 4.0 × 103 moles of hydrogen?  

 
A. 1.0 × 103 moles  
B. 2.0 × 103 moles  
C. 4.0 × 103 moles  
D. 8.0 × 103 moles 

 
2. The equation for the complete combustion of ethane is: 

2C2H6 (g) + 7O2 (g)  4CO2 (g) + 6H2O(l) 
Which is the correct volumes of ethane and oxygen that react together and the volume of carbon 
dioxide they produce when they react as shown in this equation? (All volumes of gases are measured 
under the same conditions of temperature and pressure)  
 

A. Ethane: 5, Oxygen: 35, Carbon dioxide: 10 
B. Ethane: 5, Oxygen: 70, Carbon dioxide: 20    
C. Ethane: 10, Oxygen: 35, Carbon dioxide: 20 
D. Ethane: 10, Oxygen: 70, Carbon dioxide: 40 

 
3. Look at the equations for the two reactions:   

Reaction 1: CuCO3(s) + 2HCl(aq) → CuCl2(aq) + H2O(l) + CO2(g)   
Reaction 2: CuO(s) + 2HCl(aq) → CuCl2(aq) + H2O(l)   
What is the percentage atom economy for Reaction 2? 
 

A. 89.20% 
B. 85.20% 
C. 88.20% 
D. 87.20% 

 
4. If 1.6 g of sulfur combines with 2.4 g of oxygen, how many moles of oxygen will combine with 1 mole 

of sulfur? (Ar of S is 32; Ar of O is 16)   
A. 1  
B. 1.5  
C. 3  
D. 4  

 
5. How many ions are contained in 9.4g of potassium oxide, K2O? (Ar of K = 39, Ar of O = 16). Assume 

Avogadro's constant is 6 x 1023.   
A. 6 x 1022  
B. 1.8 x 1024  
C. 1.8 x 1025  
D. 1.8 x 1023  
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Module 1 review 

How do you feel now? 

In this module we looked at: 

1. Understanding and using moles, Avogadro’s Constant and mass when calculating 
the amount of substance. 

2. Calculating masses of substances from a balanced equation and vice versa.  

3. Calculating and using the percentage yield and atom economy for understanding 
a reaction pathway. 

4. Calculating volumes of gases using molar gas volume (r.t.p) using balanced 
equations.  

Reflection is important because it helps you review and improve the way you approach 
tasks, rather than just carrying on doing things as you have always done them. 

Take a few minutes to think about where you think you did well during the last four tutorials, 
and what you think you could improve on. Write your thoughts in the boxes below. 

What I did well… What I could have improved on… 

  

What I could do differently to make the most of my next tutorials… 
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Module 2 – Acids, Bases and Salts 

Tutorial Topic 

Tutorial 2.1 Acids and Bases 

Tutorial 2.2 Reactions of Acids 

Tutorial 2.3 Synthesis of a Pure, Dry Soluble Salt  

Tutorial 2.4 Testing for ions 

 

Learning objectives 

In this module you will look at: 

1. Describing the key characteristic of acids and alkalis with reference to neutralization 
and strength of solution.  

2. Forming balanced equations from the reactions of alkalis and bases, correctly 
predicting the salt produced.  

3. Outlining and evaluating the steps to produce a soluble salt from an insoluble oxide 
or carbonate.  

4. Describing how to test for specific anions and cations.   
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Knowledge Check 1 
You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. An acid reacts with a metal oxide to form  

 
A. a salt + carbon dioxide  
B. a salt + hydrogen   
C. a salt + oxygen   
D. a salt + water  

 

2. A student investigated the reactions of copper carbonate and copper oxide with dilute hydrochloric 
acid. What is a true statement for both the reactions: 

 
A. Products is copper carbonate 
B. Products is copper chloride crystals  
C. Dilute hydrochloric acid doesn't react strongly in both cases 
D. Blue-purple gas is released  

 

3. A solution of 0.5 mol/dm3 hydrochloric acid has a pH of 0.3. Predict its pH when it is diluted to 0.005 
mol/dm3. 

 
A. 3.0 
B. 2.0 
C. 2.3 
D. 5.3 

 

4. Which of these substances is a weak acid? – Higher  
A. Citric Acid  
B. Hydrochloric Acid  
C. Nitric acid  
D. Diluted Sulfuric Acid  

 
 

5. In the preparation of a salt, why is the saturated solution of the salt left in a warm, dry place for a few 
days rather than heated over a water bath? 

A. To speed up the evaporation of the water  
B. To allow large crystals to form   
C. To remove impurities  
D. To allow salt to remain suspended  
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Tutorial 2.1 - Acids and Bases 

In this tutorial you will look at: 

 Recalling that acids in solution are sources of hydrogen ions and alkalis in solution are 
sources of hydroxide ions, and their relative acidity and alkalinity are measured by pH.  

 Using and explaining the terms dilute and concentrated and weak and strong in relation 
to acids   

 Explaining an acid-alkali neutralisation as a reaction in which hydrogen ions (H+) from the 
acid react with hydroxide ions (OH–) from the alkali to form water   

Maths skills for this lesson:  

  Completing calculations involving the use of ratios, fractions and percentages 

Learning Activities 

Starter Activity 

1. Can you provide the name and chemical formula of an acid that contains a 
chlorine atom? 

 

2. Can you provide the name and chemical formula of an alkali that contains a sodium 
atom? 

 

3. How would a chemist be able to identify whether they had an acid or an alkali? 

 

 

Acids 

Acids are substances that produce hydrogen ions (H+ ions) in aqueous solution. Acidic 
solutions have pH values less than 7. An example of an acidic solution is nitric acid. This is 
because in aqueous solution it can release H+ ions: 

HNO3 (aq) H+ (aq) + NO3- (aq) 

Alkalis 

Alkalis are substances that produce hydroxide ions (OH- ions) in aqueous solution . Alkaline 
solutions have pH values greater than 7. An example of an alkaline solution is lithium 
hydroxide. This is because in aqueous solution it can release OH- ions: 

LiOH (aq) Li+ (aq) + OH- (aq) 
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Alkalis vs. Bases 

All alkalis are bases but not all bases are alkalis. This is because: A base is a substance with 
a pH greater than 7 and can react with an acid to neutralise it by forming water (plus a 
salt). Alkalis are bases that are soluble in water. Examples of common alkalis include 
ammonia solution and sodium hydroxide. 

Bases that are not soluble in water are not classified as alkalis. Examples of insoluble bases 
include metal oxides such as copper (II) oxide, magnesium oxide and lead oxide. 

 

Worked Example 1 

A solution of 1 g dm-3 hydrochloric acid has a pH of 1.6. Predict its pH when it is diluted to 
0.1 g dm-3. 

Answer: 

Since pH and H+ ion concentration are inversely proportional, decreasing the 
concentration of H+ ions in HCl by a factor of 10 from 1 to 0.1 g dm-3 will increase the pH of 
the solution by a factor of 1 from pH 1.6 to 2.6. 

 

The terms ‘dilute’ and ‘concentrated’ acids have different meanings to ‘weak’ and 
‘strong’ acids 

Dilute vs. Concentrated Solutions 

A solution is formed when a solute (solid, liquid or gas) is dissolved in a liquid solvent such as 
water. 

 Dilute – a small amount of solute dissolves in a given volume of liquid  
 Concentrated – a large amount of solute dissolves in a given volume of liquid  

 

Strong vs. Weak acids 

Strong acids completely dissociate/ionise in aqueous solution to form H+ and A- 

Examples of strong acids are hydrochloric acid, nitric acid and sulfuric acid. Since strong 
acids completely ionise in aqueous solution, they have a very low pH indicating there is a 
high H+ ion concentration.  

The complete ionisation of hydrochloric acid is shown 
below: 

      HCl (aq)  H+ (aq) + Cl- (aq) 

 

 

 

The use of a single reaction 
arrow indicates dissociation 

of HCl is complete in 
aqueous solution 



 

 

32 

 

Weak acids partially dissociate/ionise in aqueous solution to form H+ and A- 

Examples of weak acids are ethanoic acid, carbonic acid and critic acid. Since weak 
acids partially ionise in aqueous solution, they have a higher pH (still below 7) indicating 
there is a lower H+ ion concentration compared to stronger acids 

The partial ionisation of ethanoic acid is shown below: 

 CH3COOH (aq) ⇌ H+ (aq) + CH3COO-(aq) 

 

 

During an acid-alkali neutralisation reaction, the hydrogen ions (H+ ions) from the acid 
reacts with the hydroxide ions (OH- ions) from the alkali to make water which is neutral (pH 
7) plus a salt.  

The ionic equation for neutralisation reactions is: 

H+ (aq) + OH- (aq)  H2O (l)  

Summary Questions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Total Score:  ……..  /16 

The use of an equilibrium 
arrow indicates the reaction is 

reversible. Therefore the 
dissociation of CH3COOH is 
partial in aqueous solution 

Note that hydrogen and 
hydroxide ions have an 
aqueous state symbol, but 
water has a liquid state symbol  
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Exam-Style Questions 

1. Zinc oxide, ZnO, reacts with dilute hydrochloric acid to form zinc chloride, 
ZnCl2 and water. Select the statement that completes the following sentence: 

                

This reaction is an example of:           [1 mark] 

A  Combustion  B  Thermal Decomposition   C  Neutralisation  D  Oxidation  

 

2. The pH values of three acidic solutions are as follows: 
 Sulfuric Acid  - pH 1 
 Malic Acid  - pH 3  
 Ethanoic Acid – pH 6 
a) Identify the acid which has the lowest concentration of H+ ions in solution     [1 mark] 

 

b) How many times greater is the concentration of H+ ions in the sulfuric acid solution 
than in the malic acid solution?          [1 mark] 

 

c) A 150 cm3 solution of malic acid was heated until only 100 cm3 remained. Assuming 
that only water was evaporated, explain the effect on the pH of the solution                                            

[2 marks] 

 

 

3. Dilute hydrochloric acid is a strong acid. 

Explain why an acid can be described as both strong and dilute.     [2 marks] 

 

 

4. An excess of both acids react with 0.1g of magnesium to make hydrogen gas. Both 
acids have a concentration of 1mol dm-3. Ethanoic acid reacts more slowly with 
magnesium than hydrochloric acid. Explain why.        [2 marks] 
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5. Citric acid is a weak acid. 
a) Explain what is meant by a weak acid.            [2 marks] 

 

 

b) A student titrated citric acid with sodium hydroxide solution. 

This is the method used. 

1. Pipette 25.0 cm3 of sodium hydroxide solution into a conical flask. 
2. Add a few drops of thymol blue indicator to the sodium hydroxide solution. 

Thymol blue is blue in alkali and yellow in acid. 
3. Add citric acid solution from a burette until the end-point was reached 

Explain what would happen at the end-point of this titration. Refer to the acid, the 
alkali and the indicator in your answer.            [3 marks] 

 

 

 

6. Sodium hydroxide neutralises sulfuric acid. 

The equation for the reaction is: 

2NaOH + H2SO4  →  Na2SO4 + 2H2O 

Write the ionic equation for this neutralisation reaction. Include state symbols.     [1 mark] 

 

   Total Score: …….. /15 
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Tutorial 2.2 - Reactions of Acids 

In this tutorial you will look at: 

 Describing neutralisation as acid reacting with alkali or a base to form a salt plus water   

 Knowing how to name salts and write word equations based on the reactants or 
products provided  

 Writing balanced equations for the reactions of acids 

Learning Activities 

Starter Activity 

1. Predict the products formed when aqueous sulfuric acid (H2SO4) reacts with 
aqueous magnesium hydroxide (Mg(OH)2) 

 

2. Write a balanced symbol equation for this reaction including state symbols 

 

3. What type of reaction is this? Explain your answer. 

 

 

Acids and their reactions: 

i)  Neutralisation Reactions  

Reactions where acids can react with bases or alkalis (bases that are soluble in water) to 
produce salt and water only are called neutralisation reactions: 

 

 

 

During these neutralisation reactions, salts are formed when the hydrogen ion from the acid 
is replaced by with a metal ion from the base or alkali: 

1. Hydrochloric acid + copper oxide  Copper chloride + water  

                2HCl (aq)           +       CuO  (s)        CuCl2   (aq)       + H2O  (l)  

2. Sulfuric acid + potassium hydroxide  potassium sulfate + water  

            H2SO4 (aq)   +       2KOH   (aq)                    K2SO4     (aq) +     H2O  (l)  

1. Acid + Metal Oxide   Salt + Water 

2. Acid + Metal Hydroxide  Salt + Water 
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ii) Acids and metal carbonates  

Metal carbonates are also examples of bases. When acids react with metal carbonates, 
three products are formed: 

 

 

Similar to neutralisation reactions, a salt is formed in this reaction when the hydrogen ion 
from the acid is replaced by with a metal ion from the base: 

3. Sulfuric acid + calcium carbonate  Calcium sulfate  + water  + carbon dioxide 

              H2SO4  (aq) +      CaCO3  (s)               CaSO4  (aq)      + H2O (l)  + CO2 (g) 

During this reaction bubbles of carbon dioxide gas can be observed, and the calcium 
carbonate will dissolve to form a soluble salt. Note: The production of carbon dioxide can 
be confirmed by a simple laboratory test: The gas produced is bubbled through limewater. 
If the limewater turns milky or cloudy white, then carbon dioxide gas is present  

 

iii) Acids and Metals 

Acids can also react with metals. During this reaction a salt and hydrogen gas are formed: 

 

 

 A salt is formed in this reaction when the metal replaces the hydrogen ion from the acid: 

4. Hydrochloric acid +  Magnesium          Salt         + Hydrogen                                                                             

                  2HCl (aq)         +       Mg (s)         MgCl2 (aq)  +     H2 (g) 

During this reaction bubbles of hydrogen gas can be observed, and the metal will dissolve 
to form a soluble salt. Note: The production of hydrogen gas can be confirmed by a simple 
laboratory test: The hydrogen gas produced is collected in a test tube. A lighted splint is 
placed near the mouth of the test tube. Hydrogen gas ignites with a squeaky pop. 

 

How to name salts  

All salts have two parts to their name 

1. The first part of the salt name (first name) is a metal which comes from either the base or 
metal reactant 

2. The second part of the salt name (surname) is based on the type of acid used: 
 
 

 
 

3.  Acid + Metal carbonate  Salt + Water + Carbon Dioxide 

4.  Acid + Metal  Salt + Hydrogen 
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Acid Name End of Salt Name 

Hydrochloric acid 
Chloride 

Sulfuric acid  
Sulfate 

Nitric acid  
Nitrate  

Phosphoric acid 
Phosphate  

 

Worked Example 1 

a) Name the salt formed when nitric acid reacts with potassium carbonate  
b) Write a word equation for this reaction  

Answer: 

a) The first part of the salt name is potassium. This is because the first part of the salt name 
always comes from metal of the base, which in this case is potassium carbonate. The 
second part of the salt name is based on the type of acid used (see table above). Since 
nitric acid was used, the end of the salt name is: Nitrate. Putting the first and second 
name of the salt together creates the salt name: potassium nitrate  

b) The general equation for an acid + metal carbonate reacting together is  

 

 
Therefore, the word equation for when nitric acid reacts with potassium carbonate is: 

Nitric acid + potassium carbonate  Potassium nitrate + water + carbon dioxide 

 

Common acids and bases 

Name Formula Name Formula 

Hydrochloric acid HCl Sodium hydroxide NaOH 

Nitric acid HNO3 Magnesium hydroxide Mg(OH)2 

Sulphuric acid H2SO4 Calcium carbonate Ca(CO3)2 

Phosphoric acid H3PO4 Copper (II) Oxide CuO 

 

 

 

Acid + Metal carbonate  Salt + water + carbon dioxide 
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Worked Example 2 

Write the formula of the salt formed when sulfuric acid (H2SO4) reacts with Aluminium oxide 
(Al2O3) 

Answer: 

Sulfuric acid + aluminium oxide  aluminium sulfate + water  

The formula of aluminium sulfate can be worked out by knowing that Al3+ and SO42- ions 
make up this salt. By swapping the charges of the ions and by making them subscripts, the 
formula of aluminium nitrate can be determined: 

Al3+           SO42-      = Al2(SO4)3 

The table below shows the formula of common ions you may encounter in GCSE chemistry  

Name  Formula of ion Name  Formula of ion 

Nitrate ion NO3- Magnesium ion  Mg2+ 

Carbonate ion CO32- Lithium ion Li+ 

Sulfate ion SO42- Potassium ion K+ 

Hydroxide ion OH- Sodium ion Na+ 

Ammonium ion NH4+ Aluminium ion Al3+ 

Zinc ion  Zn2+ Chloride ion  Cl- 

Silver ion  Ag+ Fluoride ion F- 

Calcium ion Ca2+ Bromide ion Br- 

Iron ion (I)  Fe2+ Iodide ion  I- 

Iron ion (II) Fe3+ Oxide ion  O2- 

Copper ion Cu2+ Hydrogen ion (proton) H+ 

 
Summary Questions 

 

 

 

 



 

 

39 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Total Score:  ……..  /15 

Exam-Style Questions 

1. Acids and bases are commonly found around the home.  

Baking powder contains sodium hydrogencarbonate mixed with an acid. 

a) When water is added, the baking powder releases carbon dioxide. How could you 
test the gas to show that it is carbon dioxide?        

Test and result of test:           [2 marks] 

 

 

b) Complete and balance the chemical equation for the reaction of sodium 
hydrogencarbonate with sulphuric acid.        [2 marks] 

NaHCO3 + H2SO4  →  ____________  +  ____________  +  _________ 
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2. A student reacted zinc metal with sulfuric acid to produce a salt and another product. 
Complete the equation for this reaction.        [2 marks] 

Zn    +    H2SO4        _______________    +    ______________ 

3. Complete the equation for this reaction.         [2 marks] 

CuO   +   _________________   →   CuSO4   +   _________________ 

4. A student investigated the reaction between magnesium and hydrochloric acid. 

The equation for the reaction is: 

Mg(s) 
magnesium 

+ 
2 HCl(aq) 

hydrochloric 
acid 



 
MgCl2(aq) 

magnesium 
chloride 

+ 
H2(g) 

hydrogen 

Give two observations the student could make during the reaction.     [2 marks] 

 

 

5. Sodium chloride (NaCl) is a salt that has many uses. 

An aqueous solution of sodium chloride can be made by reacting sodium hydroxide 
(NaOH) with an acid. 

a) Name this acid.             [1 mark] 

 

b) Write a balanced symbol equation, including state symbols, for this reaction 
  [2 marks] 

 

6. Sulfuric acid, H2SO4 reacts with calcium carbonate. Write a balanced symbol equation 
for this reaction.             [2 marks] 

 

 

Total Score: ……..  /15 
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Tutorial 2.3 - Synthesis of a Pure, Dry Soluble Salt 

In this tutorial you will look at: 

 Knowing the reactants and key apparatus required to prepare a pure, dry sample of a 
soluble salt from an insoluble oxide or carbonate  

 Describing the method used to prepare a pure, dry sample of a soluble salt   

 Explaining the experimental methods for the synthesis of a soluble salt and to evaluate 
proposed experimental methods 

Learning Activities 

Starter Activity 

1. Copper sulfate can be synthesised via two different reactions involving an 
acid and an insoluble oxide or a carbonate. Write down two separate word 

equations to illustrate the synthesis of copper sulfate 

 

 

2. Convert the word equations from your answer in question 1 into balanced symbol 
equations including state symbols 

 

 

 

To make a specific soluble salt, the first stage is to select the correct reactants. 

The Reactants  

 

The Acid – a dilute acid is used as a reactant 

The name of the acid required will depend on the name of the salt to be synthesised. This is 
summarised in the table below: 

Ending of salt Dilute acid to be used 

Chloride Hydrochloric acid 

Sulfate Sulfuric acid 

Nitrate Nitric acid 
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The Base – an insoluble metal oxide or metal carbonate is used as the reactant.  

The name of the metal oxide or metal carbonate to be used will depend on the metal 
present in the salt to be synthesised.  The table below illustrates some examples: 

Salt Name The Base Reactant 

Copper Chloride Copper oxide or Copper carbonate 

Aluminium Sulfate Aluminium oxide or Aluminium carbonate 

Zinc Nitrate Zinc oxide or zinc carbonate 

 

The second step in preparing the synthesis of a soluble salt is to know the apparatus 
required for each key synthesis and purification step and to know how this is set up in a 
practical. 

 

Stage 1: Neutralisation  

Apparatus Required: 

 Beaker 
 Glass rod 
 Bunsen burner OR Water bath 
 Tripod 

 
 

Stage 2: Filtration of excess metal oxide or 
carbonate 

Apparatus Required:  

 Filter funnel 
 Filter paper 
 Conical flask  

 
 
Stage 3: Evaporation and crystallisation  

Apparatus Required:  

 Evaporating basin  
 Bunsen burner  
 Water bath  
 Tripod 
 Watch glass 
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Key Questions 
Why is the acid initially warmed? 

 Warm acid will react faster than cold acid. This helps to ensure that all the acid 
reacts with the base. 
 

Why is an excess of the metal oxide or metal carbonate added to the acid? 
 To ensure that all the acid is used up/reacts (the acid acts as the limiting reagent) 

 
What is filtration?  

 Filtration is a separation method used to separate an insoluble solid from a liquid  
 

Why does the reaction mixture need to be filtered after the reaction is complete? 
 To remove any unreacted/excess base from the reaction mixture 

 
What is a filtrate? 

 A filtrate is the liquid passes through the filter paper and is collected 
  

Why is the filtrate evaporated? 
 The filtrate is evaporated to remove the water from the salt formed. 

 
What is crystallisation? 

 Crystallisation involves dissolving the solid salt in the minimum amount of hot water, 
then leaving it to cool and crystallise again 
 

How could the purity of the salt be determined?  
 Measure the melting point of the salt and compare the melting point to a data book 

value 
 

How can a student keep safe whilst completing this practical? 
 Wear safety goggles, 
 Use dilute acid instead of concentrated acid 
 Use warm water bath instead of Bunsen burner 
 Don’t touch hot apparatus  

 
Summary Questions 
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Total Score:  ……..  /9 

Exam-Style Questions 
 
1. Complete the table below         [3 marks] 

 

Acid Base Salt 

Sulfuric acid Copper oxide Copper sulfate 

Nitric acid Sodium carbonate …………………………. 

……………………… Zinc oxide Zinc chloride 

Sulfuric acid ………………………. Magnesium sulfate 

2. A student wants to make a pure, dry sample of sodium phosphate.   
a) A student aims to use acidic and basic reactants. State two suitable reactants for 

this reaction             [2 marks] 

 

 

b) The student chooses to use an excess of one of the reactants. Which reactant 
should this be? Explain why          [3 marks] 

 

 

c) Explain why it is necessary for the student to use excess?       [1 mark] 
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3. Describe a safe method for making pure crystals of copper sulfate from copper 
carbonate and dilute sulfuric acid. In your method you should name all of the 
apparatus you will use and draw a labelled diagram of the purification step. [6 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total Score: ……..  /15 
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Tutorial 2.4 - Testing for ions 

In this tutorial you will look at: 

 Describing how to carry out a flame test and knowing the colours formed in flame test for 
these cations, Li+, Na+, K+, Ca2+, Ba2+ Cu2+  

 Describing tests for these cations, copper (II), iron (II), iron (III), calcium, Ca2+, aluminium 
Al3+, magnesium, Mg2+, zinc, Zn2+, ammonium, NH4+ using sodium hydroxide solution  

 Describing tests for these anions: Cl-, Br -, I-, SO4 2-, CO32- 

Learning Activities 

Starter Activity 

1. Name the gas being described in each of the following cases: 
a) A green gas that bleaches damp litmus paper 

 
 

b) A gas that produces a white precipitate with limewater 

 
 

c) A gas that pops when a lighted splint is placed in it. 

 
 

d) A gas that relights a glowing splint. 

 
 

Flame Tests 
A flame test is used to show the presence of certain metal cations in a compound. The 
method is as follows: 

1. To clean a platinum or nichrome wire, dip it into concentrated hydrochloric acid. 
2. Hold the wire in the blue flame of a Bunsen burner until there is no colour change, 

this is to ensure there is no contamination.  
3. Dip the wire into solid sample of the compound being tested.  
4. Hold the wire into the edge of the blue flame from a Bunsen burner.  
5. Observe and record the flame colour produced. 

 
Guided Example 
a) Fill in the table below with the flame colours of the cations listed. 
 

Cation  Flame colour 

Li+  

Na+  

K+  
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Ca2+  

Cu2+  

b) Give two reasons why a platinum wire is used whilst carrying out flame tests. 

 
c) State why the platinum wire with the sample on should be held to a non-luminous 

flame. 

 

 

Adding sodium hydroxide 

Most metal hydroxides are insoluble. If you add a small amount of sodium hydroxide to a 
solution containing metal ions you will get precipitate of the metal hydroxide. In excess 
NaOH some of the precipitates may dissolve. Therefore, just a few drops of NaOH are 
added initially and very slowly and record any colour changes or precipitates formed.  

Guided Example 
a) Fill the gaps in the table below to show positive ions reacting with sodium    

hydroxide solution. 
 

Ion Results of adding NaOH(aq) Name of precipitate formed 
Formula of 
precipitate  

Copper, Cu2+ 
  
 
 

 Cu(OH)2 

Iron(II), Fe2+ 

green precipitate formed,  
(insoluble in excess NaOH– turns 
orange - brown  around the top 
on standing in air) 

  

Iron(III), Fe3+ 
  
 
 

iron (III) hydroxide  

Calcium, Ca2+ 
  
 
 

 Ca(OH)2 

Aluminium, 
Al3+ (AQA, 
Edexcel) 

white precipitate formed, 
dissolves in excess NaOH to form 
a colourless solution 

  

Magnesium, 
Mg2+ (AQA) 

white precipitate formed, 
(insoluble in excess NaOH) 

  

Zinc, Zn2+ 
(OCR A 
Gateway) 

  no precipitate N/A 

NH4+ ammonia gas produced   



 

 

48 

 

b) A few cm3 of sodium hydroxide solution is added to some copper sulfate solution. A 
blue precipitate forms. 

i) Write a chemical equation for the reaction between sodium hydroxide and copper 
sulfate. Include state symbols. 

 
ii) State the type of reaction taking place. 

 
iii) Write an ionic equation for the reaction. 

 

A summary of the tests for negative ions  

Ion Test Positive Result Product from reaction 

CO32- 
Add dilute hydrochloric acid then 
bubble any gas produced through 
limewater 

bubbles / fizzing, lime 
water goes cloudy 
[white precipitate]  

CO2 

CaCO3 with limewater 

SO42- 
add dilute hydrochloric acid 
followed by burying chloride solution  

white precipitate  BaSO4 

Cl- 
add nitric acid followed by silver 
nitrate solution  

white precipitate AgCl 

Br - 
add nitric acid followed by silver 
nitrate solution 

cream precipitate  AgBr 

I- 
add nitric acid followed by silver 
nitrate solution 

yellow precipitate  AgI 

Guided Example 
A student has found 3 solutions; however, the labels have got mixed up. The 
solutions are sodium chloride, sodium bromide and sodium iodide, however, he 
does not know which one is which. 

a) State the two reagents he could add to identify the solutions. 

 
b) State the observation on the addition of the two solutions from a into sodium chloride, 

sodium bromide and sodium iodide. 

 
c) Write a chemical equation for the reaction between sodium iodide and one of your 

chemicals in a 

 
d) Write an ionic equation for the reaction between sodium bromide and one of your 

chemicals in a 

 
e) State the type of reaction taking place in c 
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Summary Questions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Total Score:  ……..  /14 

Exam-Style Questions 

1. A is an orange solid, which dissolves in water to give an orange solution. 
When sodium hydroxide solution is added to a solution of A, an orange-brown 

precipitate, B, is formed. Adding dilute nitric acid and silver nitrate solution to a solution 
of A gives a white precipitate, C. 
a) State the names of A, B and C.         [3 marks] 
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b) Write full chemical equations for the reactions producing B and C.    [4 marks] 

 

 

 

 
c) Write the ionic equation for the reaction producing C          [1 mark] 

 
 
2. D is a green crystalline solid that dissolves in water to give a very pale green solution. 

Addition of sodium hydroxide solution to a solution of D produces a green precipitate, E, 
which turns orange-brown around the top after standing in air. Addition of dilute 
hydrochloric acid and barium chloride solution to a solution of D gives a white 
precipitate, F. 
a) State the names of D, E and F.         [3 marks] 

 

 
b) Write full chemical equations for the reactions producing E and F.    [4 marks] 

 

 

 

 
 
3. G is a colourless crystalline solid which reacts with dilute nitric acid to give a colourless 

solution, H, and a colourless, odourless gas, I, which turns limewater milky. G has a lilac 
flame colour. 
a) State the names of G, H and I.         [3 marks] 

 

 
b) Write a chemical equation for the reaction between G and dilute nitric acid  

             [2 marks] 

 

 
   Total Score: ……..  /20 
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Knowledge Check 2 
You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. Some dilute nitric acid is added to solid G. Fizzing is observed and the gas released turned limewater 
milky. Solid G has a yellow flame colour. Identify compound G.  
 

A. sodium sulfate   
B. potassium carbonate   
C. sodium carbonate   
D. copper (II) nitrate 

 

2. You are given solutions of sodium hydroxide and ammonia of the same concentration. Which of the 
following statement can be proved true by the above: 
 

A. Sodium hydroxide is a stronger alkali than ammonia solution  
B. Sodium hydroxide is a weaker alkali than ammonia solution  
C. Sodium hydroxide is a stronger acid than ammonia solution  
D. Sodium hydroxide is a weaker base than ammonia solution  

 
3. Magnesium oxide is an example of an insoluble base. Magnesium oxide reacts with the hydrochloric 

acid and forms magnesium chloride (MgCl2) solution and X. What is X? 
 

A. Chlorine gas 
B. It doesn't form X 
C. Hydrochloric Acid 
D. Water 

 
4. An acid of concentration 1 mol/dm3 has a pH of 2.0. The acid is diluted to a concentration of 0.1 

mol/dm3. What is its new pH? 
 

A. 2.0  
B. 3.5  
C. 3.0  
D. 1.0  

 
5. What is the ion produced by acids in aqueous solution? 

 
A. OH-  
B. OH+  
C. H+  
D. H-  
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Module 2 review 

How do you feel now? 

In this module we looked at: 

1. Describing the key characteristic of acids and alkalis with reference to neutralization 
and strength of solution.  

2. Forming balanced equations from the reactions of alkalis and bases, correctly 
predicting the salt produced.  

3. Outlining and evaluating the steps to produce a soluble salt from an insoluble oxide 
or carbonate.  

4. Describing how to test for specific anions and cations.   

 

Reflection is important because it helps you review and improve the way you approach 
tasks, rather than just carrying on doing things as you have always done them. 

Take a few minutes to think about where you think you did well during the last four tutorials, 
and what you think you could improve on. Write your thoughts in the boxes below. 

What I did well… What I could have improved on… 

  

What I could do differently to make the most of my next tutorials… 
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Module 3 - Titrations 

Tutorial Topic 

Tutorial 3.1 Concentration of Solutions 

Tutorial 3.2 Titration Practical 

Tutorial 3.3 Titration Calculations  

Tutorial 3.4 Titration Curves 

 

Learning objectives 

In this module you will look at: 

1. Explaining how concentration (mol/dm3 and g/dm3) relates to moles, mass and 
volume, and vice versa.   

2. Outlining the steps for carrying out a titration with reference to the suitable indicator 
to use.    

3. Analysing data produced from a titration and calculate concentration and volume 
of reactants.   

4. Forming and understand titration curves.  
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Knowledge Check 1 
You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. A student is performing a titration. The initial reading on the burette is 10 cm3. The final reading on the 
burette is 32 cm3. How much acid did the student use? 
 

A. 42 cm3  
B. 10 cm3 
C. 32 cm3  
D. 22 cm3  

 

2. 1.0 dm3 of ethanoic acid solution, CH3COOH, contains 6.0 g of ethanoic acid. The concentration of 
ethanoic acid, in mol dm–3, is  
 

A. 0.1  
B. 0.6  
C. 1.0  
D. 10.0  
 
 

3. What are concordant titre results? 
 

A. Readings which are identical 
B. Readings which are within 0.10 cm3 of each other  
C. Readings which are within 0.01 cm3 of each other 
D. Readings which can be replicated under similar conditions 
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Tutorial 3.1 – Concentration of Solutions 

In this tutorial you will look at: 

 Explaining how the concentration of a solution in mol dm-3 is related to the amount in 
moles of solute or the mass of the solute and the volume of the solution  

  Explaining how the mass of a solute and the volume of the solution are related to the 
concentration of the solution in g dm-3  

 Converting concentration in g dm–3 into mol dm–3 and vice versa   

Maths skills for this lesson:  

 Using arithmetic computation and ratio when determining empirical formulae, balancing 
equations   

 Changing the subject of a mathematical equation   

 Providing answers to an appropriate number of significant figures  

 Completing calculations with numbers written in standard form when using the Avogadro 
constant   

 Converting units where appropriate particularly from mass to moles 

Learning Activities 

Starter Activity 

1. Describe in detail what a solution is. Can you name 2 examples of solutions? 

 

 
2. What does it mean if a solution is ‘very concentrated’? 

 

Concentration is a measure of how many grams or moles of solute are in a given volume of 
a solution. A solution that is high in concentration contains a large number of moles of a 
solute in a given volume of solution. A solution that is low in concentration contains a low 
number of moles of a solute in a given volume of solution. 
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The concentration of a solution can be calculated using the following formula: 
 

 

The unit of concentration is therefore mol/dm3 or mol dm-3 

 

Worked Example 1 

1.5 mole of sodium chloride solute is dissolved in 2 dm3 of water. Calculate the 
concentration in mol dm-3 

Answer: 

Concentration = mole/volume 

                           = 1.5 mol/ 2 dm3 

                                       = 0.75 mol/dm3   or 0.75 mol dm-3 

 

Worked Example 2 

Dissolving 0.98 g of H2SO4 in water produced a 6.67 x10-3 mol dm-3 acidic solution. Calculate 
the volume of water in dm3 that was used.  

Answer: 

Mol = mass / Mr = 0.98 g / 98 

       = 0.01 mol  

Volume = mole/ concentration = 0.01 mol / 6.67 x 10-3 mol dm-3  

                       = 1.50 dm3 

 

Since the definition of concentration is “a measure of how many grams or moles of solute 
are in a given volume of a solution”, we can also calculate concentration taking into 
account the mass of a solute dissolved in a given volume of solvent . This can be achieved 
using the formula: 

 

 

 

 

Concentration =
amount of solute in mol 

volume in dm3
 

Remember 

Volume must always be in dm
3
 

cm
3
  dm

3 
 (÷1000) 

Concentration =
amount of solute in g 

volume in dm3
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Guided Example 

5.4 g of sodium hydroxide solute is dissolved in 3 dm3 of water. Calculate the 
concentration in g/dm3 

 

 

 

Conversion between g dm-3 and mol dm-3 is summarised by the diagram: 

 

 

 

 

 

 

Worked Example 3 

Calculate the concentration of 0.1 mol dm-3 sodium hydroxide solution in g dm-3 

Answer: 

Mr of NaOH = 23 + 16 + 1 = 40 

0.1 mol dm-3 x 40 = 4 g dm-3 

 

Guided Example 

Calculate the concentration of 7.3 g dm-3 hydrochloric acid in mol dm-3 

 

 

Summary Questions 
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Total Score:  ……..  /9 

Exam-Style Questions 

1. In order to make a solution of potassium carbonate (K2CO3) of concentration 
1.8 mol dm-3 the student dissolved some potassium carbonate in 25.0 cm3 of 

water. Calculate the mass of potassium carbonate dissolved in the solution.   [3 marks]  

 

 

 

 

2. A student made up a sodium hydroxide (NaOH) solution of concentration 0.18 mol/dm3. 
Calculate the volume in cm3 of this solution.        [4 marks]  
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3. Sodium hydroxide solution reacts with hydrochloric acid  

NaOH + HCl  NaCl + H2O 

25.0 cm3 of 0.100 mol dm-3 sodium hydroxide, NaOH, solution is added to  

35.0 cm3 of 0.0750 mol dm-3 dilute hydrochloric acid, HCl 

Use the information to determine which reagent is in excess      [3 marks]  

 

 

 

4. Calculate the concentration in g dm-3 for 
a) mol of NaOH in 4.00 dm3 of solution  
b) 0.500 mol of HNO3 in 200 cm3 of solution          [5 marks]  

 

 

 

 

 

 

Total Score: ……..  /15 
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Tutorial 3.2 - Titration Practical 

In this tutorial you will look at: 

 Describing how to carry out titrations using strong acids and strong alkalis to find the 
reacting volumes accurately  

 Identifying the hazards and suggest precautions needed to reduce the risk of harm.  

 Reading a burette 

Learning Activities 

Starter Activity 

A student carried out an acid-alkali titration. They used the following set of 
instructions. Fill in the blanks: 

• Measure out 25 cm3 of potassium hydroxide solution using a ___________________. 
• Transfer the potassium hydroxide solution to a  _______________ _________________. 
• Add a few drops of an _____________________. 
• Put sulfuric acid into the ____________________. 
• Add acid to the alkali until the _______________ _________________ ________________. 

 
Hazards, risks and precautions 

The below details risks associated with a titration with sodium hydroxide and hydrochloric 
acid. 

Hazard Possible harm Precaution 

Dilute sodium hydroxide 
solution 

Causes skin and serious eye 
irritation 

Wear gloves and eye protection, 
and use a pipette filler 

Spilling hydrochloric acid while 
filling the burette 

Causes eye irritation 
Fill the burette slowly below eye 
level, using a funnel 

 
Results 
Record the results in a suitable table, such as the one below. This table also shows some 
sample readings. 
Run Rough 1 2 3 

End volume cm3 25.15 48.95 24.20 47.90 

Start volume cm3 0.00 25.15. 0.10 24.20 

Titre cm3 25.15 23.80 24.10 23.70 

Concordant  ✔  ✔ 
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Evaluation 

 At least two concordant titres should be ticked (✔). These are titres within 0.20 cm3 
(or sometimes 0.10 cm3) of each other. 

 Calculate the mean titre using concordant results. This is the volume of acid that 
exactly reacts with the sodium hydroxide solution of unknown concentration. 

 

Practical tips 

 A white tile provides contrast which will help the colour change to be seen more 
clearly. 

 Universal indicator gives a gradual colour change; however, a suitable indicator is 
one that gives a sudden colour change. 

 The end point is where the indicator changes colour to tell us that all the alkali in the 
conical flask has been neutralised by the added acid. 

 
Reading a burette 
 

Make sure your eye position is level with surface of the liquid and you read 
from the bottom of the meniscus level. 

 
 
 
 

It is important to remember that the numbers increase from the top to 
the bottom: 0 is at the top and 50 is at the bottom. We record readings 
from the burette to the nearest 0.05 cm3. 

 
 
Worked Example 1  
A student has to check if two samples of hydrochloric acid, A and B, are the same 
concentration. 
Describe how the student could use the apparatus (burette, pipette, conical flask, white 
tile) and the solutions (indicator, HCl A, HCl B, NaOH solution) to carry out titrations.  
Answer: 
Ensure you are wearing safety goggles and measure 25 ml of hydrochloric acid A, using a 
pipette and pipette filler, into a conical flask. 
Fill a burette safely with the sodium hydroxide solution, then add a few drops of indicator 
into the conical flask. 
Slowly add the alkali, drop by drop, to the conical flask and swirl the flask whilst looking for 
a colour change. Using a white tile under the flask can help to see this. 
Once a sudden colour change has occurred, stop adding alkali, and record the volume of 
alkali added from the burette. 
Repeat this again for the hydrochloric acid B - and if the same volume of alkali neutralises 
the acids, the two acids are of the same concentration.            

Level 3 (5-6 marks)      

Meniscus 
level 
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Summary Questions 
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Total Score:  ……..  /16 

 
Exam-Style Questions 

1. A student follows a method in a textbook and carries out a titration practical. 
The acid used is hydrochloric acid and alkali is sodium hydroxide. State a safety 

precaution to take in this practical and the reason for it.           [1 mark] 

 

 
 
2. The student decides to add the acid into the burette. State what he should do after 

filling the burette with acid and before taking the initial reading.      [1 mark] 

 
 
3. Give a reason for standing the conical flask on a white tile.       [1 mark] 

 
 
4. Suggest a reason why universal indicator is not suitable for a titration.         [1 mark] 

 
 

5. State what is meant by the ‘end-point’ of the titration.           [1 mark] 

 
 
6. State the colour change that would be seen at the end-point in this titration using 

phenolphthalein indicator                [2 marks] 

 

 
 
7. State what is meant by ‘concordant results’         [1 mark] 
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8. 25.0cm3 of sodium hydroxide solution was titrated with dilute hydrochloric acid 
NaOH   +    HCl      NaCl    +  H2O 

The following results were obtained. 
 Titration 1 Titration 2  Titration 3 
final burette reading (cm3) 26.00 26.30 27.20 
initial burette reading 
(cm3) 

0.00 1.20 1.90 

volume of acid used (cm3) 26.00 25.10  
 

a) Calculate the volume of acid used in titration 3.         [1 mark] 
b) Calculate the volume of acid that should be used to react with 25.0cm3 of the 

sodium hydroxide solution to produce the salt sodium chloride. Give a reason for 
your answer.                 [2 marks] 

 

 
 
9. Give a reason for using a burette, rather than a measuring cylinder, for measuring the 

volume of hydrochloric acid.             [1 mark] 

 
 
10. Another student carried out a titration experiment following the same method in the 

textbook but measured the volumes of the solutions in the burette and the pipette from 
the top of the meniscus instead of the bottom. Explain how this error will affect the 
volumes measured, if at all.           [2 marks] 

 

 

Total Score: ……..  /14 
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Tutorial 3.3 – Titration Calculations 

In this tutorial you will look at: 

 Calculating the average titre from a titration experiment   

 Calculating the concentration of a solution of known volume from a titration experiment.  

 Calculating the volume of a solution of known concentration from a titration experiment  

 Calculating other unknown quantities from a titration experiment   

Maths skills for this lesson: 

 Changing the subject of a mathematical equation   

 Providing answers to an appropriate number of significant figures  

 Converting units where appropriate particularly from mass to moles 

Learning Activities 

Starter Activity 

What is an acid-alkali titration and why is it significant? 

 

 

You should now be familiar with the experimental steps involved in completing a titration.  
At the end of a titration experiment you should have a complete set of titre readings such 
as the results shown in the table below. 

 Titration 1 Titration 2 Titration 3 Titration 4 

Initial reading (cm3)   0.50 10.50 20.40 30.40 

Final reading (cm3)    11.50 20.40 30.40 40.50 

Titre (cm3)   11.00 9.90 10.00 10.10 

The titre readings were calculated using the following equation: 

 

 

Worked Example 1 

Calculate the average titre from the results table above 

Answer: 

Concordant results are titrations 2, 3 and 4 as they are within 0.10 cm3 of each other 

Titre = final burette reading – initial burette reading 
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Therefore, the average titre is: (9.90 + 10.00 + 10.10)/3 = 10.00 cm3 

 

The unknown concentration of an alkali or acidic solution that was involved in a titration 
experiment can be calculated provided the concentration of the other solution is known 
and the volumes of the two solutions are also known. 

The key equation required for titration calculations is 
based on the formula of concentration in mol dm-3 (see 
lesson 1). Rearranging this equation to make moles the 
subject provides us with the following linear equation: 

The same equation can be rewritten by using symbols only: 

Where n = moles; c = concentration in mol dm-3 and v = volume in dm3 

 

Worked Example 2  

Jack carries out a titration to find out the concentration of a solution of sodium hydroxide. 
He measures 25.00 cm3 of sodium hydroxide into a conical flask. He titrates this against 
0.250 mol dm-3 of sulfuric acid in the burette. These are his readings 

 Titration 1 Titration 2 Titration 3 Titration 4 

Initial reading (cm3)   0.50 10.50 20.40 30.40 

Final reading (cm3)    11.50 20.40 30.40 40.50 

Titre (cm3)   11.00 9.90 10.00 10.10 

The reaction equation between sodium hydroxide and sulfuric acid is shown below:  

2NaOH + H2SO4  Na2SO4 + 2H2O 

Calculate the concentration of sodium hydroxide solution. 

Answer: 

Step 1: Calculate the average titre 

Since a results table has been provided, the first step is to calculate the average titre using 
only the concordant results  

Average titre = (9.90 + 10.00 + 10.10)/3 

= 10.00 cm3 

 

 

 

Moles = concentration x volume 

n = c x v 



 

 

67 

 

Step 2: Make a list of what you know and don’t know about each reacting solution using 
the information provided in the question 

 NaOH H2SO4 

n (mol) ? ? 

c (mol dm-3) ? 0.250 

v (cm3) 25.00 10.00 

Step 3: Use the mole equation (n =c x v) to work out the number of moles of the solution 
whose volume and concentration have been provided   

By reviewing the list above, we can initially calculate the 
number of moles of H2SO4 since we know its concentration and 
volume 

n (H2SO4)   = c (mol dm-3) x v (dm3) 

   = 0.250 x 10.00/1000 

   = 2.5 x 10-3 mol 

Step 4: Use mole ratios from the balanced symbol equation to work out the moles of the 
other reacting solution  

2NaOH + H2SO4  Na2SO4 + 2H2O 

                                                  2 mol : 1 mol 

The mole ratio of NaOH: H2SO4 is 2:1 therefore the number of moles of NaOH that reacted 
is:            n (NaOH) = 2.5 x 10-3 mol x 2 

          = 5.0 x10-3 mol 

Step 5: Apply the mole equation to work out the concentration of other reacting solution  

Rearranging the mole equation to make c the subject gives us: c = n/v 

The concentration of sodium hydroxide is: 

c (NaOH) = 5.0 x10-3 mol/ (25.00/1000) 

     = 1.25 x10-4 mol dm-3 

 

You may also be asked to calculate the unknown volume of one of the reacting solutions. 
In this case the concentrations of both reacting solutions will be provided as well as the 
volume of the other reacting solution. 

 

 

Remember: 

cm3 to dm3 you must 

divide by 1000 
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Guided Example 

Calculate the volume in cm3 of 0.05 mol dm-3 of KOH that is required to neutralise 
25.0 cm3 of 0.0150 mol dm-3 HNO3. 

The reaction equation between potassium hydroxide and nitric acid is shown below:  

KOH + HNO3  KNO3 + H2O 

Step 1: Make a list of what you know and don’t know about each reacting solution using 
the information provided in the question 

 KOH HNO3 

n (mol)   

c (mol dm-3)   

v (cm3)   

Step 2: Use the mole equation (n =c x v) to work out the number of moles of the solution 
whose volume and concentration have been provided 

 

 

Step 3: Use mole ratios from the balanced symbol equation to work out the moles of the 
other reacting solution  

 

 

Step 4: Apply the mole equation to work out the volume of other reacting solution  

 

 

 

More challenging titration calculations will require you to use two mole equations (n = cxv 
and n = g/Mr) to work to out unknown quantities such as the mass or the relative formula 
mass of a solute in a reacting solution. 

 

Worked Example 3 

A student carried out a titration with sodium hydroxide solution to determine the mass 
of ethanedioic acid in the solution. The student repeated the titration until 
concordant titres were obtained. 

H2C2O4(aq) + 2NaOH(aq) ⟶ Na2C2O4(aq) + 2H2O(l) 
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The student found that 25.0 cm3 of the ethanedioic acid solution reacted completely 
with 25.30 cm3 of 0.500 mol dm−3 sodium hydroxide solution. 

Calculate the mass, in mg, of the acid in 25.0 cm3 of this solution. 

Answer: 

Step 1: Make a list of what you know and don’t know about each reacting solution using 
the information provided in the question 

 NaOH H2C2O4 

n (mol) ? ? 

c (mol dm-3) 0.500 ? 

v (cm3) 25.30 25.0 

Step 2: Use the mole equation (n = c x v) to work out the number of moles of the solution 
whose volume and concentration have been provided 

By reviewing the list above, we can initially calculate the number of moles of NaOH since 
we know its concentration and volume 

n (NaOH)   = c (mol dm-3) x  v (dm3) 

            = 0.500 x 25.30/1000 

 = 0.01265 mol 

Step 3: Use mole ratios from the balanced symbol equation to work out the moles of the 
other reacting solution  

H2C2O4(aq) + 2NaOH(aq) ⟶ Na2C2O4(aq) + 2H2O(l) 

                                    1 mol      :      2 mol          

The mole ratio of H2C2O4 : NaOH is 1:2 therefore the number of moles of H2C2O4 that 
reacted is:   n (H2C2O4) = 0.01265 mol/2 

  = 6.325 x10-3 mol 

Step 4: Use the mole equation (n = g/Mr) to determine the mass of the acid used 

Mr of H2C2O4 = 2 + (12 x2) + (16 x4) = 90 

Mass (g) = mol x Mr 

    = 6.325 x10-3 x 90 

    = 0.5693 g x1000 

     = 569.3 mg 
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Summary Questions  

 

 

 

 

 

 

 

 

 

 
Total Score:  ……..  /8 

Exam-Style Questions 

1. A student carries out a titration to find the volume of sulfuric acid required to 
neutralise a potassium carbonate solution. The equation for the reaction is:   

K2CO3 + H2SO4  K2SO4 + H2O + CO2 

The student uses a pipette to add 25.0 cm3 of potassium carbonate solution to a 
conical flask, then adds an indicator. The reaction requires 22.5 cm3 of 2.00 mol dm-3 
sulphuric acid for neutralisation.     

a) Calculate the concentration of the potassium carbonate solution in mol dm-3.  Give 
your answer to three significant figures.             [3 marks]  

 

 

 

b) The student makes 25.0 cm3 of 234.6 g dm-3 potassium carbonate solution.  
Calculate the volume of 2.00 mol dm-3 sulfuric acid required to neutralise the 
potassium carbonate solution. Give your answer in cm3 and to three significant 
figures.                            [5 marks] 
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2. The carbonate of metal M has the formula M2CO3. The equation for the reaction of 
this carbonate with hydrochloric acid is given below. 

M2CO3  +  2HCl  →  2MCl  +  CO2  +  H2O 

A sample of M2CO3, of mass 0.394 g, required the addition of 21.7 cm3 of a  
0.263 mol dm–3 solution of hydrochloric acid for complete reaction. Deduce the relative 
atomic mass of M and hence suggest its identity       [6 marks] 

 

 

 

 

 

3. Cristina titrates dilute nitric acid with 10. 00 cm3 of sodium hydroxide solution with a 
concentration of 0.150 mol dm-3. Her results table is shown below: 

 Titration 1 Titration 2 Titration 3 Titration 4 

Final burette reading (cm3) 26.50 49.20 26.40 40.30 

Initial burette reading (cm3)   0.00 24.10 1.20 15.00 

Titre (cm3) 26.50 25.10 25.20 25.30 

The equation for the reaction between nitric acid and sodium hydroxide is: 

HNO3 + NaOH  NaNO3 + H2O 

Calculate the concentration of the nitric acid. Give your answer to three significant 
figures             [5 marks] 

 

 

 

 

Total Score: ……..  /19 
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Tutorial 3.4 – Titration Curves 

In this tutorial you will look at: 

 Describing the use of single indicators for titration experiments and select suitable 
indicators for titration experiments   

 Understanding the shape of a titration curve  

 Predicting the shape of a titration curve 

Learning Activities 

Starter Activity 

1. What is universal indicator? 

 

2. Why is the use of universal indicator not advised when completing titration experiments?  

 

 

Using a single indicator during a titration experiment: 

Why? Enables us to determine the point in a titration when all of an alkali or acid present in 
the conical flask has been neutralised. The instantaneous, single colour change an 
indicator turns at the point of complete neutralisation is known as the end point. 

How? When choosing an indicator for a titration, it is important to match its pH range (the 
pH values where it changes colour) to the endpoint of the titration. 

The table below summarises the different indicators, their colour changes in acidic and 
alkali conditions and their potential use in titration experiments. 

Indicator 
Colour in 

acidic 
conditions 

Colour in 
alkali 

conditions 
pH range  

Suitable type of titration to detect end 
point 

Phenolphthalein Colourless Pink 8-9 
Strong acids & strong alkalis 

E.g. HCl & NaOH 

Methyl orange Red Yellow 3-4 
Strong acid –weak alkali 

E.g. HCl & NH3 

Litmus Red Blue 5-8 
Litmus has an unusually wide pH range 

so it would be difficult to accurately 
determine the endpoint of the titration 
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Worked Example 1 

25.0 cm3 of household ammonia is placed in a conical flask and is titrated against nitric 
acid. State what indicator should be used to detect the end point of the reaction and 
describe the colour change you would observe 

Answer: 

Methyl orange should be used as the indicator for this titration because a strong acid and 
a weak alkali is being used 

The indicator will be added the conical flask, which initially contains an alkali so initial 
colour of the solution in the conical flask will be yellow. 

At the end point of the reaction a colour change from yellow to orange will be observed 
(Note: red colour will be seen if there is an excess of H+ ions in the flask) 

 

Titration curves 

A titration or pH curve is a graph, which plots the varying pH values of a reaction mixture as 
an acid, or alkali is added from a burette into a conical flask overtime. The starting pH of a 
titration curve indicates whether an acid or alkali is present in the conical flask.  The 
annotated titration curves below illustrate the pH changes during a titration reaction 

 

 

 

 

 

 

 

 

 

 

For a typical titration experiment, a titration curve can be sketched provided: 

 The solution present in the conical flask is known (acid or alkali?) 
 The average titre is known 
 The strengths of the reacting solutions are known (strong or weak acid/base?) 
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Worked Example 2 

Sketch a titration curve for a titration reaction between a strong 
acid and strong alkali, where the acid is placed in the burette 
and 70 cm3 of it is required to neutralise the alkali. 

Answer: 

Starting pH is high as there is an alkali in the conical flask (acid  
is in the burette) 

The final pH is low indicating there is an excess of acid in the 
conical flask  

The vertical section is drawn at 70cm3 because this was the 
volume of acid that was required to neutralise the alkali 

 

Summary Questions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Total Score:  ……..  /7 
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Exam-Style Questions 

1. An unknown mass of potassium hydroxide was used to make 25.0 cm3 of 
potassium hydroxide solution.  This solution was neutralised by 0.250 mol dm-3 

hydrochloric acid in a titration.  

The pH of the solution was measured throughout the titration and the results were 
plotted on a titration curve should below.  

a) Determine the volume of hydrochloric acid required to 
neutralise the potassium hydroxide solution.   [1 mark]  

 

 

 

b) Use your answer from part a) to calculate the mass of 
potassium hydroxide that used to make the potassium 
hydroxide solution      [5 marks] 

 

 

 

 

 

c) What colour change would you expect to see at the end point of the reaction if 
phenolphthalein indicator was added?         [1 mark]  

 

2. A student carried out a titration to find the concentration of a solution of hydrochloric 
acid. The following paragraph was taken from the student’s notebook. 

“I filled a burette with hydrochloric acid. 25.0 cm3 of 0.40 mol dm-3 potassium hydroxide 
was added to a flask. 5 drops of indicator were added. I added the acid to the flask 
until the indicator changed colour. The volume of acid used was 35.0 cm3.” 

a) Name a suitable indicator that could be used and describe the expected colour 
change that will be observed at the end point of the reaction     [2 marks] 
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b) Sketch a titration curve that will be expected based on the student’s recordings   
  [4 marks] 
 
 
 
 
 
 
 
 
 
 
 
 
 

3. The graph shows how the pH of the solution changes during this titration 

Phenolphthalein is the indicator used in this titration. It changes colour between pH 8.2 
and pH 10.0. Methyl orange is another indicator. It changes colour between pH 3.2 and 
pH 4.4.  

Suggest why methyl orange is not a suitable indicator for this titration.    [2 marks] 

 

     

 

 

    Total score……/15 
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Knowledge Check 2 
You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. Mike has found an old bottle containing 200cm3 of nitric acid that he wants to use, but he is unsure of 
its concentration. He decides to carry out a titration using 0.1 mol/dm3 sodium hydroxide, titrated into 
25cm3 of the acid. Which is the correct equation for reaction that occurs during titration? 
 

A. HNO3    +    NaOH        NaNO3 
B. HNO3    +    NaOH        NaNO2    +    H2O  
C. HNO3    +    NaOH        NaNO    +    H2O  
D. HNO3    +    NaOH        NaNO3    +    H2O  

 

2. A student used a pipette to add 25.0 cm3 of sodium hydroxide of unknown concentration to a conical 
flask. The student carried out a titration to find out the volume of 0.100 mol/dm3 sulfuric acid needed to 
neutralise the sodium hydroxide.   
Which is the correct equation to show the reaction that took place? 
  

A. 2NaOH + H2SO4 → Na2SO2 + H2O  
B. 2NaOH + H2SO3 → Na2SO4 + 2H2O  
C. 2NaOH + H2SO4 → Na2SO4 + 2H2O  
D. NaOH + H2SO4 → Na2SO4 + H2O  

 

3. The carbonate of metal M has the formula M2CO3. The equation for the reaction of this carbonate with 
hydrochloric acid is given below. 

M2CO3 + 2HCl → 2MCl + CO2 + H2O 

A sample of M2CO3, of mass 0.394 g, required the addition of 21.7 cm3 of a 0.263 mol dm–3 solution of 
hydrochloric acid for complete reaction. Deduce the relative atomic mass of M and hence suggest its 
identity.  

 
A. Potassium 
B. Calcium 
C. Sodium 
D. Magnesium 
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Module 3 review 

How do you feel now? 

In this module we looked at: 

1. Explaining how concentration (mol/dm3 and g/dm3) relates to moles, mass and 
volume, and vice versa.   

2. Outlining the steps for carrying out a titration with reference to the suitable indicator 
to use.    

3. Analysing data produced from a titration and calculate concentration and volume 
of reactants.   

4. Forming and understand titration curves.   

Reflection is important because it helps you review and improve the way you approach 
tasks, rather than just carrying on doing things as you have always done them. 

Take a few minutes to think about where you think you did well during the last four tutorials, 
and what you think you could improve on. Write your thoughts in the boxes below. 

What I did well… What I could have improved on… 

  

What I could do differently to make the most of my next tutorials… 
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Module 4 - The Reactivity series and Electrolysis 

Tutorial Topic 

Tutorial 4.1 The Reactivity Series 

Tutorial 4.2 Electrolysis (part 1) - Molten compounds 

Tutorial 4.3 Electrolysis (part 2) - Aqueous solutions 

Tutorial 4.4 Electrolysis in industry 

 

 

Learning objectives 

In this module you will look at: 

1. Understanding how metals can be arrange into a reactivity series based on their 
reactivity and displacement traits.   

2. Understanding and using the terms reduction, oxidation, redox, oxidising agent and 
reducing agent.   

3. Outlining the experimental processes of electrolysis including half equations at each 
electrode.   

4. Describing electrolysis of aqueous solutions and gaseous tests of products.   
5. Using purification of copper and aluminium extraction to describe electrolysis.   
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Knowledge Check 1 
You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. What is the correct meaning of electrolysis? 
 

A. The release of electrons and ions when heat is passed through a substance 
B. The output created when 2 substances undergo chemical reaction 
C. Process by which ionic substances are decomposed into simpler substances when an electric 

current is passed through them. 
D. Process by which substances combine to form another substance with electrical properties 

 
 

2. Why does potassium iodide solution conduct electricity?  
 

A. It contains a metal  
B. It contains electrons which can move  
C. It contains ions which can move  
D. It contains water  

 
 

3. Magnesium can be obtained by the electrolysis of magnesium chloride. Solid magnesium chloride is 
obtained from seawater. The magnesium chloride is melted and then electrolysed. Why does 
magnesium chloride have to be melted before it can be electrolysed?  
 

A. Solid magnesium chloride conducts electricity because ions aren't free to move 

B. Solid magnesium chloride does not conduct electricity, because ions aren't free to move 
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Tutorial 4.1 - The Reactivity Series 

In this tutorial you will look at: 

 Understanding how metals can be arranged in reactivity series based on their reactions 
with water and dilute acid  

 Understanding how metals can be arranged in a reactivity series based on their 
displacement reactions between metals and metal oxides  

 Understanding the terms, oxidation, reduction, redox, oxidising agent and reducing 
agent in terms of gain or loss of oxygen and loss or gain of electrons 

Learning Activities 

Starter Activity 

1. Write a balanced equation when a black mixture of powdered carbon and 
copper (II) oxide is heated in a test tube to form pink-brown copper and a gas. Include 
state symbols. 

 
2. Why is carbon included in the reactivity series? 

 

 

The reactivity series is like a “league table” for metals. The most reactive metals are at the 
top of the table and least reactive ones are at the bottom. Most reactive metals have a 
greater tendency to lose electrons and form positive ions. We can start putting the metals 
in order by looking at their reactions with water, steam and dilute acid. 

 

Reactions of metals with water 

Metals above hydrogen in the reactivity series react with water (or steam) to produce 
hydrogen. 

Cold water: metal + cold water  metal hydroxide + hydrogen, for example potassium: 

2K (s) + 2H2O (l)  2KOH (aq) + H2 (g) 

Steam: metal + steam  metal oxide + hydrogen, for example magnesium: 

Mg (s) + H2O (g)  MgO (s) + H2 (g) 
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Reactions of metals with dilute acids 

Metals above hydrogen in the reactivity series react with acids to form a salt (the hydrogen 
atom in the acid is replaced by the metal atom e.g. aluminium chloride or magnesium 
sulfate).  

 

Metal + acid  salt + hydrogen                     

2Al (s) + 6HCl (aq)  2AlCl3 (aq) + 3H2 (g)  

Mg (s) + H2SO4 (aq)  MgSO4 (aq) + H2 (g) 

 

Reactivity Series 

 Order of reactivity Reaction with Water Reaction with dilute acid (e.g. HCl) 

 
Most 
reactive 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Least 
reactive 

 
 
 
 
 
 
potassium 
sodium 
lithium 
calcium 
 

Fizz; giving off 
hydrogen; 
Alkaline solutions 
(hydroxides) are 
formed. 
 
Reacts violently 
Reacts quickly 
Reacts quickly 
Reacts less strongly 
 

 
 
 
 
 
 
Reacts violently 
Reacts violently 
Reacts violently 
Calcium can be used if the acid is 
very dilute, reacts vigorously. 

 
 
magnesium 
aluminium 
(carbon) 
zinc 
iron 
(hydrogen) 

React with steam, fizz; 
giving off hydrogen 
 

Fizz; giving off hydrogen 
 
Magnesium and aluminium react 
vigorously. 
 
Zinc and iron react less strongly 

Copper 
silver 
gold 

No reaction No reaction 

 

 

 

You can make predictions about the reactions of unfamiliar metals if you know their 
positions in the reactivity series. 

 

 

Examiners’ Hint: remember this using mnemonic 

Please Send Lions, Camels, Monkeys And Coloured Zebras Into Hot Countries Securely Guarded 

Examiners’ Hint: remember this using mnemonic MASH 
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Worked Example 1 

Using the information in the table of the 3 metals reacting with water, place them in order 
of reactivity starting with the most reactive first. 

Metal  Reactions with water 
X  No reaction with cold or hot water. Reacts with steam to produce metal oxide 

and hydrogen. 
Y Reacts rapidly with cold water. Hydrogen gas is given off.  

Z No reaction with cold or hot water. No reaction with steam. 

Answer:  

Most → least 

Y, X, Z   

(Y reacted rapidly with cold water, X and Z did not react with cold water. X reacts with 
steam whereas Z does not.) 

 

Guided Example 

Complete the following word equations and add balanced symbol equations: 

a) calcium + water  

 

b) zinc + steam  

 

c) copper + hydrochloric acid  

 

d) sodium + sulfuric acid  

 

We get most metals by extracting them from rocks found in the Earth.  

Displacement reactions involving metal oxides 

Magnesium powder and copper (II) oxide are mixed together and heated very strongly to 
form white magnesium oxides and copper. 

magnesium    + copper (II) oxide        magnesium oxide + copper 

Mg (s)              +     CuO (s)                          MgO (s)          +   Cu (s) 

This is an example of a displacement reaction. The less reactive metal, copper, has been 
displaced from its compound by the more reactive magnesium. Any metal higher in the 
reactivity series will displace one lower down from a compound. 
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Worked Example 2 

Sodium    +      magnesium oxide        sodium oxide   +    magnesium  

a) Looking at the word equation, what does it tell you about the reactivity of the two 
metals (sodium compared to magnesium)? 

b) Write a balanced symbol equation for the reaction, including state symbols 
 

Answer: 

a) Sodium has displaced magnesium from its compound forming sodium oxide and 
magnesium. This tells us that sodium is more reactive than magnesium.  

b) 2Na (s) + MgO (s)  Na2O (s) + Mg (s) 

 

Oxygen transfer 

A substance has been oxidised if it gains oxygen. Oxidation is gain of oxygen. A substance 
has been reduced if it loses oxygen. Reduction is loss of oxygen.  

Activity: Fill in the definitions 

 

Redox Reactions:  

 

 
Oxidising Agent: 

 

 
Reducing Agent:  

 

 

 

Consider the reaction between magnesium and copper (II) oxide again.  

magnesium    + copper (II) oxide        magnesium oxide + copper 

This is a redox reaction, because reduction and oxidation are occurring at the same time, 
copper (II) oxide loses oxygen, magnesium gains oxygen. The copper (II) oxide is the 
oxidising agent in this reaction because it gives oxygen to the magnesium, oxidising it. 
Magnesium is the reducing agent in the reaction because it takes the oxygen away from 
the copper oxide, reducing it. 
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Electron transfer 

Here is the equation for the same above reaction. 

 Mg (s)  +  CuO (s)      MgO (s)   +   Cu (s) 

The copper (II) oxide contains Cu2+ and O2- ions, and the magnesium oxide contains Mg2+ 
and O2- ions. Writing these into the equation gives  

 Mg (s)  +  Cu2+O2- (s)      Mg2+ O2- (s)   +   Cu (s) 

The oxide ion (O2-) does not change in this reaction. It ends up with a different partner but is 
totally unchanged itself. We call it a spectator ion. 

What is happening in this reaction? The magnesium atom loses electrons to form 
magnesium ions. These electrons are gained by copper ions to form copper atoms. We 
called this a redox reaction above in terms of loss/gain of oxygens. However, we can see 
that it was not the oxygen that was actually the important part, it has not changed.  A 
better definition of oxidation and reductions: 

Oxidation  

Is 

Loss of electrons 

Reduction  

Is 

Gain of electrons 

 

Guided Example 

Aluminium    +   zinc oxide        aluminium oxide   +     zinc 

a) The above reaction can be described as a displacement reaction. Explain why so. 
b) It can also be described as a redox reaction. Explain this.  
c) Aluminium is the reducing agent in the reaction. Identify the oxidising agent and explain 

your choice. 

 

 

 

 

 

 

Examiners’ Hint: remember this 
definition using the mnemonic OILRIG 
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Worked Example 3 

2Na    +     CaO             Na2O      +   Ca 

a) Identify what has been oxidised in the above balanced symbol equation and explain 
your choice in terms of loss/gain of electrons. 

b) State the oxidising agent in the reaction. 
c) Identify the spectator ion and give a reason for your choice. 

Answer: 

a) Sodium has been oxidised as each sodium atom lost one electron to Ca2+ ion. Loss of 
electrons is oxidation. 

b) Calcium is the oxidising agent (as calcium itself loses its oxygen to sodium so has 
become reduced/Ca2+ ion has gained 2 electrons to form Ca atoms; gain of electrons is 
reduction). 

c) O2- is the spectator ion as it is unchanged in the reaction. 

Summary Questions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Total Score:  ……..  /13 
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Exam-Style Questions 

1. If a mixture of zinc powder and cobalt (II) oxide is heated, the following 
reaction occurs:   Zn (s)      +       CoO  (s)                ZnO (s)      +       Co(s) 

a) Explain which metal is higher in the reactivity series      [2 marks] 

 

 

b) The zinc can be described as a reducing agent. Using this example, explain what is 
meant by the term ‘reducing agent’.          [1 mark] 

 

c) Explain which substance in this reaction has been oxidised.       [2 
marks] 

 

 
 

2. a) Look carefully at the following equations and then explain what you can about the  
     position of the metal X in the reactivity series.          [2 marks] 

X   +    2HCl       XCl2         +     H2 

X   +    CuSO4    XSO4     +      Cu 

X   +    FeSO4     no reaction 

 

 

b) Decide whether X will react with the following substances. If it will react, state the 
     names of the products, if not state ‘no reaction’.       [3 marks] 

I. Silver oxide 
II. Cold water 
III. Dilute sulfuric acid  

 

 

 

Total score……/10 

  



 

 

88 

 

Tutorial 4.2 - Electrolysis (part 1) - Molten compounds 

In this tutorial you will look at: 

 Describing the process of electrolysis.  

 Describing experiments to investigate electrolysis, using inert electrodes of molten 
compounds and to predict their products.  

 Describing the reactions at the electrodes using half equations. 

Learning Activities 

Starter Activity 

Why can ionic compounds, either molten or in solution can conduct electricity 
but covalent compounds cannot? 

 

 

 

Electrolysis is a chemical change caused by passing an electric current through a 
compound which is either molten or in solution. The compound will break down or 
decomposes. 

 

Worked Example 1  

The diagram shows the electrolysis of molten 
sodium bromide. Explain why electrolysis is carried 
out using molten and aqueous ionic compounds 
and not when the ionic compound is in solid state. 

Answer: 

When the ionic compound is in solid state, the ions 
are held in fixed positions in the lattice and are not 
free to move. In molten and aqueous state, the 
ions are free to move and can carry charge. 
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Activity: Label the diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The electrolysis of molten compounds  

To predict the products of any binary molten 
compound first identify the ions present. The 
positive ion will migrate towards the cathode 
and the negative ion will migrate towards the 
anode. 

Electrode Products: 

 Anode: Bromine gas 
 Cathode: Solid lead metal 
 
 
 
 

 
 
 
 

Examiners’ Hint: remember PANiC: Positive Anode, Negative (is) Cathode. 
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Activity: Complete the table below for the electrolysis of 3 molten ionic 
compounds 
 
 

Molten ionic 
compound 

Formula of 
ionic 
compound 

Cation 
present 

Anion 
present 

Product at 
cathode 

Product at anode 

sodium 
chloride  

         

magnesium 
bromide 

         

aluminium 
oxide 

         

 

Half equations 

Half equations illustrate the transfer of electrons during a chemical process. They can be 
written for the reactions at each electrode in terms of electron loss or gain. 

Ions gain electrons at the cathode (negative electrode): X+  + e-  X 

Ions lose electrons at the anode (positive electrode): X-   X + e- 

 

Explaining what is happening during the electrolysis of lead(II) bromide 

The positive lead(II) ions in the molten lead(II) bromide are attracted to the cathode: 

Pb 2+ + 2e-  Pb 

Negative bromide ions are attracted to the anode: 

Br-  Br + e- 

These join in pairs to make bromine molecules: 2Br  Br2 

Overall: 2Br-  Br2 + 2e- 

These half equations must always balance in terms of the number of atoms on each side, 
but also in terms of the charges; the total charges must be the same on both sides. This is 
why we needed 2 electrons in both the half equations.  

Examiners’ Hint: a common mistake is to put the electrons on the wrong side of the 
half equation. Check the charges to make sure you have the same total charge on 
both sides. 
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In summary:  If you electrolyse a binary ionic compound, you will get the metal at the 
cathode and the non-metal at the anode. Reduction always occur at the cathode and 
oxidation always occurs at the anode. 

 

 

Worked Example 2 

Molten lithium iodide is electrolysed. Li+  ions are attracted to the cathode and I- ions are 
attracted to the anode. 

a) Write the half equation for the reduction of Li+ ions at the cathode. 
b) Write the half equation for the reaction at the anode. 

Answer: 

a) Li+ + e-     Li 
b) 2I-  I2 + 2e- 

Summary Questions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Examiners’ Hint: A way of remembering this is AN OX RED CAT or AN OILRIG 
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Substance 

 
Formula  

Negative electrode Positive electrode 

 Equation Product  Equation Product 

magnesium 
oxide 

         

aluminium 
fluoride 

        

copper (II) 
bromide 

     

         Total Score:  …….. /26 
 

Exam-Style Questions 

1. State what is formed at the cathode and at the anode during the electrolysis 
of the following substances. Assume that carbon electrodes were used each 

time.                [4 marks] 
a) Molten lead (II) iodide  
b) Molten zinc chloride  
c) Molten copper (II) chloride  
d) Molten lithium oxide  

 

 

 

 
 
2. Some solid potassium iodide was placed in a crucible. Two carbon electrodes were 

inserted and connected to a 12 volt DC power source and a light bulb. The potassium 
iodide was heated. As soon as the potassium iodide was molten, the bulb came on. 
Purple fumes were seen coming from the positive electrode, and lilac flashes were seen 
around the negative one. 
a) Explain why the bulb didn’t come on until the potassium iodide melted.     [1 mark] 

 

 

b) State the name of the positive electrode.         [1 mark] 
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c) Name the purple fumes seen at the positive electrode and write the ionic half 
equation for their formation.          [2 marks] 

 

 

d) The lilac flashes seen around the negative electrode are caused by the potassium 
which is formed. The potassium burns with a lilac flame. Write the ionic half equation 
for the formation of the potassium        [2 marks] 

 

 

e) State the products formed at the electrodes if molten sodium bromide is electrolysed 
instead of molten potassium iodide.          [1 mark] 

 

f) Write the ionic half equations for the reactions occurring during the electrolysis of 
molten sodium bromide.          [2 marks] 

 

 

Total score……/13 
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Tutorial 4.3 - Electrolysis (part 2) - Aqueous solutions 

In this tutorial you will look at: 

 Describing experiments to investigate electrolysis, using inert electrodes of aqueous 
solutions and to predict their products  

 Describing the reactions at the electrodes using half equations and gas tests for 
hydrogen, oxygen and chlorine. 

Learning Activities 

Starter Activity 

1. Define aqueous solution 

 

 
 
2. Name the positive electrode and name the type of ion that are attracted to it 

 
 
3. Name the negative electrode and name the type of ion that are attracted to it 

 

 

Aqueous solutions will always have water (H2O). When aqueous solutions are electrolysed, 
the products are not always the same as when molten salts are electrolysed.   

When you electrolyse sodium chloride solution the products at the electrodes are: 

 Anode:  chlorine 
 Cathode:  hydrogen 

 

We now have an electrolyte that contains ions from the compound plus ions from the 
water. Which ions get discharged and at which electrode depends on the relative 
reactivity of the elements involved. Concentrated and dilute solutions of the same 
compound give different products. For anions, the more concentrated ion will tend to get 
discharged over a more dilute ion. 
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The electrolysis of sodium chloride: 

Activity: Add details to explain what happens at the cathode and anode 

 

At the cathode:  

 

 

 

 

 

 

 

 

At the anode:  

 

 

 

 

 

 

 

 

 

 

Examiners’ Hint: At the anode OH– or nonmetal halide ions will lose electrons and oxygen 
gas or the gas of the nonmetal in question is released e.g. Chlorine, Bromine, Iodine 
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Determining the identity of the gas produced 
The gas produced can be tested to determine its identity.  If the gas produced at the 
cathode burns with a ‘pop’ when a sample is lit with a lighted splint then the gas is 
hydrogen.  If the gas produced at the anode relights a glowing splint dipped into a sample 
of the gas then the gas is oxygen. The halogen gases all produce their own colours 
(bromine is red-brown, chlorine is yellow-green and fluorine is pale yellow). Chlorine gas 
turns damp blue litmus paper red and then bleached white. 

 

Guided Example 

a) Predict the products during the electrolysis of each of the following, the first 
one has been done for you. 

Compound 
dissolved in water 

+ ions in the 
solution 

- ions in the solution 
Product at the 
cathode 

Product at the 
anode 

CuBr2 Cu2+      H+ Br-      OH- copper/Cu Bromine/Br2 

AgNO3     

CaCl2     

NaOH     

b) State the test for the product produced at the anode during the electrolysis of CaCl2 

above. 
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Summary Questions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Substance 

 
Formula  

Negative electrode Positive electrode 

 Equation Product  Equation Product 

Potassium  
sulfate (aq) 

         

Silver nitrate 
(aq) 

        

Aluminium 
oxide (l) 

     

Magnesium 
chloride (aq) 

     

Total Score:  ……..  /31 
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Exam-Style Questions 

1. Ben wants to make sodium from a sample of sodium chloride. He heats the 
sodium chloride in a crucible and completes the circuit using wires, carbon 

electrodes and a d.c. power supply. 
a) Explain, in terms of the relevant particles, why this experiment cannot be done using 

solid sodium chloride.           [2 marks] 

 

 

 

b) Explain which electrode sodium would be formed at and write an ionic half 
equation to show its formation.          [3 marks] 

 

 

 

 

c) State the other product made in the process and explain what practical steps Ben 
could take to identify the substance.         [2 marks] 

 

 

d) Explain in detail what is happening at both electrodes in this process, using the redox 
terminology listed in the box below.         [4 marks] 

 

 

 

 

 

 

 

 

 

Oxidised  Reduced  Anion  Cation 
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2. Charlotte carries out an experiment to investigate the products formed when four 
different solutions are electrolysed. She recorded her results in the table below.  
a) Complete the gaps to show what products should have been formed for each 

solution.              [4 marks] 

Solution 
Identity (name/formula) of products formed at each electrode 

Positive electrode Negative electrode 

1.  Silver nitrate     

2.  Copper (II) sulfate     

3.  Lithium bromide     

4.  Sulfuric acid    

b) Write the ionic half equation for the product formed at the positive electrode in 2 in 
the table.             [2 marks] 

 

 

c) Write the ionic half equation for the product formed at the negative electrode in 4 in 
the table.              [2 marks] 

 

 

Total score……/19 
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Tutorial 4.4 - Electrolysis in industry 

In this tutorial you will look at: 

 Describing the extraction of aluminium by electrolysis  

 Explaining the formation of the products in the electrolysis of copper sulfate solution, 
using copper electrodes, and how this electrolysis can be used to purify copper.  

Learning Activities 

Starter Activity 

1. What is a metal ore? 

 
2. You do not need to remember any names of ores and minerals, but do you know of any 

examples?  

 

Electrolysis of aluminium 

Aluminium is extracted by electrolysis of a molten mixture of aluminium oxide and cryolite. 
The cryolite is used to make the process more economical. Pure aluminium oxide melts at 
2000 oC but if it is dissolved in molten cryolite the whole process can be carried out at 
around 950 oC. Cryolite is also a better conductor of electricity. This saves a lot of energy 
and therefore also saves a lot of money.  

 

 

 

 

 

 

 

 

 

At the cathode the reaction is: Al3+ + 3e-  Al  reduction 

At the anode the reaction is: 2O2-  O2 + 4e-  oxidation 

The oxygen gas reacts with the hot carbon anodes. It makes carbon dioxide gas. This burns 
away the anodes, which must be replaced quite often. 
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Worked Example 1 

a) Write a full balanced chemical equation for the electrolysis of aluminium oxide. 
b) Explain why aluminium oxide is dissolved in molten cryolite and then electrolysed. 
c) List some of the main expenses in the electrolysis of aluminium oxide.  

Answer: 

a) 2Al2O3       4Al    +    3O2 
b) Dissolving in molten cryolite brings down the melting point of aluminium oxide. Cryolite is 

also a better conductor of electricity. This saves a lot of energy and therefore also saves 
a lot of money. 

c) Heat required to melt aluminium oxide – energy cost.  
The anodes need to be replaced often. 
Electricity for the electrolysis process. 

Electroplating 

Graphite electrodes are often used to investigate the electrolysis of molten salts, and of 
aqueous solutions of ionic compounds. Graphite electrodes are inert electrodes because 
they do not take part in the electrolysis reactions. Instead, they provide a surface on which 
these reactions can happen. Electroplating is the process of coating a thin layer of a metal 
onto another metal object using electrolysis. The electrodes used in electroplating are non-
inert - they take part in the electrolysis reactions. 

 
Activity: Add notes to explain how copper can be purified using electroplating 
 
A use of electroplating is to purify copper on an industrial scale for use in 

electrical wiring. The copper extracted from its ores is not pure enough:  
 the cathode is pure copper 
 the anode is impure copper, produced from copper ore 
 the electrolyte is copper(II) sulfate solution 
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Comparing inert and non-inert electrodes 

 Carbon electrodes (inert) Copper electrodes (non-inert) 

At the cathode (-) 
(the reactions are the same) 

Cu2+(aq) + 2e- → Cu(s) Cu2+(aq) + 2e- → Cu(s) 

At the anode (+) 4OH-  2H2O + O2 +4e- 

Oxygen gas is given off 
Cu(s) → Cu2+(aq) + 2e- 

no oxygen is seen 

 

Worked Example 2 

In the purification of copper, impure copper is used as the anode and pure copper is 
collected at the cathode. The electrolyte used is copper sulfate solution.  

a) Copper ions form copper atoms at the cathode. Write the ionic half equation for this 
reaction. 

b) Explain the type of reaction taking place at the cathode. 
c) Explain why the electrolyte has to be a copper salt solution  

Answer: 

a) Cu2+(aq) + 2e- → Cu(s) 
b) Reduction, as the copper ions gain electrons 
c) If the electrolyte contained a different cation example Ag+ , this ion will be attracted to 

the cathode and Ag atoms would form at the cathode which would contaminate the 
copper. 

Summary Questions 
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Total Score:  ……..  /14 

Exam-Style Questions 

1. The diagram shows how aluminium is extracted in industry. 
 

a) i) Name the process used to extract 
   aluminium.      [1 mark] 

 

 

ii) Identify the element used to make   
    the electrodes labelled G and  
    explain why it is chosen.    [2 marks] 

 

 

iii) State whether electrode H is positive or negative.        [1 mark] 
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iv) Liquid L contains aluminium oxide and one other substance. 

Name this other substance and give one reason for its use in the extraction of        
aluminium.              [2 marks] 

Other substance 

 

Reason for use  

 

v) State the product collected at electrode H and explain why it is collected in liquid     
state.              [2 marks] 

 

 

b) The product formed at electrode G reacts with the electrode to form carbon 
monoxide and carbon dioxide. 
i) Identify this product.            [1 mark] 

 

ii) State why carbon monoxide is poisonous.                    [1 mark] 

 

c) The extraction of aluminium can be represented by the chemical equation: 

2Al2O3 → 4Al + 3O2 

Write the two ionic half-equations that can also be used to represent this extraction.
                  [2 marks] 

Half equation 1 

 

Half equation 2 

 

d) State the major reason for the high cost of extracting aluminium      [1 mark] 

 

                Total score……/13 
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Knowledge Check 2 
You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. What are the products of electrolysing potassium iodide solution at cathode and anode? 
 

A. Hydrogen- Iodine 
B. Hydrogen- Oxygen 
C. Potassium- Iodine 
D. Potassium- Oxygen 

 

2. Amy carried out an experiment between magnesium and hydrochloric acid. She did two experiments. 
In the first one she used small pieces of magnesium ribbon and in the second one she used magnesium 
powder. She kept all other variables the same. She noticed that the second reaction was faster. 
Choose the best explanation for the observation. 
 

A. Magnesium pieces have greater surface area than magnesium powder 
B. Magnesium powder has more surface area than magnesium pieces. 
C. Magnesium powder has more energy than magnesium pieces.  
D. The hydrochloric acid has more energy in the second one than the first 

 

3. Magnesium can be obtained by the electrolysis of magnesium chloride. Solid magnesium chloride is 
obtained from seawater. The magnesium chloride is melted and then electrolysed. The positive 
electrode is made of graphite and the negative electrode is made of steel. Magnesium forms at the 
negative electrode. Chlorine forms at the positive electrode. Why is steel is not used for the positive 
electrode? 
 

A. The chlorine produced at the positive electrode will react with the iron in steel 
B. The chlorine produced at the positive electrode will not react with the iron in steel 
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Module 4 review 

How do you feel now? 

In this module we looked at: 

1. Understanding how metals can be arrange into a reactivity series based on their 
reactivity and displacement traits.   

2. Understanding and using the terms reduction, oxidation, redox, oxidising agent and 
reducing agent.   

3. Outlining the experimental processes of electrolysis including half equations at each 
electrode.   

4. Describing electrolysis of aqueous solutions and gaseous tests of products.   
5. Using purification of copper and aluminium extraction to describe electrolysis.   

Reflection is important because it helps you review and improve the way you approach 
tasks, rather than just carrying on doing things as you have always done them. 

Take a few minutes to think about where you think you did well during the last four tutorials, 
and what you think you could improve on. Write your thoughts in the boxes below. 

What I did well… What I could have improved on… 

  

What I could do differently to make the most of my next tutorials… 
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Module 5 - Energetics, Rates and Equilibria 

Tutorial Topic 

Tutorial 5.1 Exothermic and endothermic reactions 

Tutorial 5.2 Rates of reaction 

Tutorial 5.3 Factors which affect the rate of reaction 

Tutorial 5.4 Equilibrium 

 

Learning objectives 

In this module you will look at: 

1. Using and understanding endothermic and exothermic reaction profile diagrams.  
2. Calculating energy changes in a chemical reaction using bond energies.   
3. Devising experiments for determining the rate of reactions and analyse the graphs 

produced.   
4. Explaining how temperature, concentration, pressure, surface area and catalysts 

affect rates of reactions using the terms collision theory and activation energy.   
5. Explaining how equilibrium is affected by varying pressure, concentration and 

temperature.   
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Knowledge Check 1 
You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. The equation below shows the complete combustion of methane (CH4).  
CH4       +       2O2         CO2      +      2H2O  
 
The energy change for the combustion of methane is -694 kJ/mol. Choose the best option from the 
below. 
 

A. The combustion of methane is an endothermic reaction and 694 kJ of energy was released per 
mole.  

B. The combustion of methane is an exothermic reaction and 694 kJ of energy was released per 
mole. 

C. The combustion of methane is an endothermic reaction and 694 kJ of energy was absorbed 
per mole.  

D. The above equation does not show the combustion of methane. 
 

2. In a closed system a reversible reaction will form an equilibrium mixture. Which of the following 
statements are true for a reversible reaction at equilibrium?  
 

A. The rate of the forward reaction is faster than the rate of the backward reaction.  
B. The position of equilibrium will change if more product is added  
C. The concentration of the reactants keeps changing 
D. The rate of the forward reaction is the same as the rate of the backward reaction. 

 
3. When nitrogen dioxide gas (NO2) is placed in a sealed flask, it reacts to form dinitrogen tetroxide gas 

(N2O4). A sample of pure NO2 is placed in a sealed flask at 25 °C. The flask is left until a dynamic 
equilibrium is reached.   
For a reaction that is in dynamic equilibrium, which of these statements is incorrect:  
 

A. The forward and backward reactions occur at the same time.  
B. The mixture gets darker with time  
C. Concentration of reactants remains constant 
D. Concentration of products remains constant   

 
4. Which of the following would give a steeper curve on a graph of volume of gas against time?  

 
A. Low temperature  
B. Low concentration  
C. Higher temperature  
D. Higher concentration 
  

5. Which of the following would speed up a reaction?  
 

A. Using lumps instead of powder  
B. Increasing the concentration of an acid   
C. Decreasing the concentration of an acid  
D. Decreasing the temperature  
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Tutorial 5.1 - Exothermic and endothermic reactions 

In this tutorial you will look at: 

 Describing experiments that investigate the variables that affect the temperature 
changes in chemical reactions  

 Drawing and explaining reaction profile diagrams to represent endothermic and 
exothermic reactions.  

 Calculating energy changes in a chemical reaction using bond energies.  

Learning activities 

Starter Activity 

1. Explain what is meant by an exothermic reaction 

 
2. Explain what is meant by an endothermic reaction 

 

Conservation of Energy 

Energy is conserved in chemical reactions. It cannot be created or destroyed but can be 
transferred. 

 

Exothermic and Endothermic Reactions 

In exothermic reactions, heat energy is given out to the surroundings, so the temperature of 
the surroundings increases. In endothermic reactions, heat energy is absorbed from the 
surroundings, so the temperature of the surroundings decreases. 

Examples 

Exothermic reactions Combustion, displacement, neutralisation 

 

Endothermic reactions Thermal decomposition of metal carbonates, photosynthesis 
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Required practical 

Chemical reactions you could investigate 
include: 

 Acids reacting with alkalis 
 Acids reacting with metals 
 Acids reacting with metal 

carbonates 
 Displacement reactions of metals 

Analysis 

The bigger the temperature change in the 
reaction, the more energy is absorbed or 
released.  

Hazards, risks and precautions 

Hazard Possible harm Possible precaution 

Dilute acids and alkalis May irritate the skin or eyes 
Avoid contact with skin, rinse off skin if 
necessary, wear eye protection 

Solutions of metal salts 
(used in displacement 
reactions) 

Dangerous to the 
environment 

Dispose of metal salt solutions as advised 
by teacher, some metal salts are collected 
for safe disposal rather than being poured 
down the normal drain 

 

Energy level diagrams 

Energy level diagrams are graphical representations of the relative energies of the 
reactants and products in chemical reactions. 

Exothermic reaction 
 

 
When magnesium reacts with dilute 
sulfuric acid, for example, the mixture 
gets very warm. 
Mg(s) + H2SO4(aq)  MgSO4 (aq) + H2 (g) 
 
Energy is given out in exothermic 
reactions. 
The energy of the products will be lower 
than the energy of the reactants, so the 
change in energy is negative. 
 
This is represented on the reaction profile 
with a downwards arrow as the   energy 
of the products is lower than the 
reactants. 

 

         

         

         

         

         

         

         

En
e

rg
y 

kJ
/m

o
l 

Reactants: 

Mg(s) + H2SO4(aq) 

 

Products:  

MgSO4 (aq) + H2 (g) 

Progress of reaction 
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Endothermic reaction 
 
Calcium carbonate decomposes on 
heating to produce calcium oxide and 
carbon dioxide gas. 
CaCO3 (s)  CaO (s) + O2 

 

 
Energy is taken in endothermic reactions. 
The energy of the products will be higher 
than the energy of the reactants, so the 
change in energy is positive. 
 
This is represented on the reaction profile 
with an upwards arrow as the energy of 
the products is higher than the reactants. 
 

  

 

Reaction profiles 

A reaction profile is more useful than an energy level diagram. It describes how the energy 
of the chemicals changes during the reaction.  

 

Reaction profile for an exothermic energy

 
 
 
 
 
 
 
 
 
 

         

         

         

         

         

         

         

En
e

rg
y 

kJ
/m

o
l 

Reactant: 

CaCO3 (s) 

 

Products:  

CaO (s) + O2 

 

Progress of reaction 
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Reaction profile for an endothermic energy 

 

Worked Example 1 

a) Define the following terms: activation energy, energy change, endothermic reaction.  
b) State the sign (positive/negative) for the energy change for an exothermic reaction  
c) State the sign (positive/negative) for the energy change for an endothermic reaction 
d) Draw a reaction profile diagram for the formation of ammonia where the energy 

change is –92 kJ/mol. You need to show the activation energy required for the reaction 

too.     N2        +       3H2                2NH3 

Answer: 

a) Activation energy – the minimum energy required to start a reaction. 

Energy change – change in energy from reactants to products as the reaction 
proceeds. 

Endothermic reaction – a reaction where heat is lost to the surroundings. 

b) - 
c) + 
d) [see diagram 

opposite] 
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Breaking Bonds 

During chemical reactions bonds in the reactants have to be broken and new ones formed 
to make the products.  Energy is needed to break bonds which is absorbed from the 
reaction surroundings and making bonds releases energy back to the surroundings. Let’s 
look at the reaction between hydrogen and chlorine to make hydrogen chloride. 

H2 (g) + Cl2 (g)  2HCl (g) 

 

Whether a reaction is overall endothermic or exothermic depends on the difference 
between the sum of the exothermic steps and the sum of the endothermic steps.  

We can work out the energy needed to break different chemical bonds. This energy is 
called the bond energy. Energy is measured in kilojoules per mole (kJ/mol). 

Examples of some bond energies: 

 bond bond energy 
(kJ/mol) 

  H-H 436 

 Cl-Cl 242 

 H-Cl 431 

  O=O 496 

  C-C 348 

  C=C 612 

  C-H 412 

 H-O 463 

 Br-Br 193 

  C-Br 276 
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We can use the energy level diagram and bond energies to work out the energy change 
(ΔH) for a reaction. Let’s look at the same reaction. H2 (g) + Cl2 (g)  2HCl (g) 

Bonds that need to be broken (endothermic): 

1 H—H bond   = 1 x (+436)  = +436 kJ/mol 

1 Cl—Cl bond  = 1 x (+243) = +243 kJ/mol 

Total      = +678 kJ/mol 

New bonds made (exothermic): 

2 H—Cl bonds  = 2 x (+431)  = 862 kJ/mol 

Overall energy change: 

Energy in (bonds broken) – energy out (bonds made) = +678 – 862 = -184 kJ/mol 

The sign of the answer is negative, so then energy has been lost to the surroundings, so the 
reaction is exothermic. 

If the sign of the answer is positive, then energy has been taken in from the surroundings, so 
the reaction is endothermic. 

 

Worked Example 2 

a) The energy change for the formation of ammonia from hydrogen and nitrogen is        
–92 kJ/mol. Use ideas of bond breaking and making to explain why the overall energy 

change is exothermic.   N2        +       3H2                2NH3 
b) Using the bond energies in the table work out the energy change for the reactions 

below. 
i) 

 

ii)  

 

Answer: 

a) More energy was released when bonds in ammonia were made than energy taken in 
to break bonds in the reactants. 
 

b) i) Energy in = 2 x 436 + 1 x 496 =1368 
   Energy out = 4 x 463 = 1852  
   Energy change => 1368 – 1852 = -484 kJ / mol 
 
ii) Energy in = 4 x 412 + 4 x 412 + 1 x 612 = 2453 
    Energy out = 2 x 276 + 1 x 193 + 1 x 348 = 2548 
    Energy change => 2453 - 2548 = -95 kJ / mol 
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Summary Questions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  Total Score:  ……..  /19 
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Exam-Style Questions 

1. A student draws this diagram 
to show how he plans to prepare 

and collect oxygen gas in a laboratory. 
He uses hydrogen peroxide solution 
which decomposes to produce oxygen 
gas and water and the reaction can be 
speeded up using solid manganese (IV) 
oxide catalyst. 
a) The student makes a mistake in the 

labelling. He also misses out a piece 
of apparatus. 
i) State the mistake in the labelling of the diagram.        [1 mark] 

 

ii) Identify the piece of apparatus missing from the diagram.        [1 mark] 

 

iii) State why this piece of apparatus is necessary           [1 mark] 

 

b) Balance the equation for the reaction used in this preparation of oxygen.     [1 mark] 

 

c) The diagram shows the reaction profile for the decomposition of hydrogen peroxide.
                          [2 marks] 

i) Label the diagram to show the activation energy (Ea) for this reaction 

ii) The energy change for the decomposition of 2 moles of hydrogen peroxide is –
189KJ/mol. Label the diagram to show this energy change. 

 

 

 

 

 

 

 

Total score……/6 
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Tutorial 5.2 - Rates of reaction 

In this tutorial you will look at: 

 Suggesting practical methods for determining the rate of a given reaction   

 Interpreting rate of reaction graphs   

 Calculating the gradient of tangents 

Learning activities 

Starter Activity 

Define ‘rate of reaction 

 

 

 

Worked Example 1 

Simon adds a small piece of magnesium ribbon to 25cm3, 1 mol/dm3 hydrochloric acid 
solution in a conical flask. He wants to measure the rate of this reaction. He has decided to 
collect the gas being produced from the reaction and record the volume of gas released 
every 20secs. 

a) Write a word equation for the reaction taking place. 
b) Write a balanced symbol equation for the reaction. Include state symbols. 
c) State the piece of equipment that Simon could use to measure out the 25cm3 

hydrochloric acid. 
d) State the piece of glassware Simon could use to collect the gas being produced and 

note down the volume. 
e) What are the independent and dependent variables in this reaction. 
f) How can Simon tell when the reaction is complete 
g) Katy decides to do the same experiment, however, chose not to collect the gas and 

monitor the reaction using a different method. Describe this other method that can be 
used to monitor a reaction where a gas is being produced. 

Answer: 

a) Magnesium + hydrochloric acid  magnesium chloride + hydrogen  
b) Mg (s) + 2 HCl (aq)  MgCl2 (aq) + H2  (g) 
c) measuring cylinder 
d) gas syringe  
e) Independent – time (s), Dependent – volume of gas (cm3) 
f) No more gas will be collected 
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g) Loss in mass – she would add the piece of magnesium to the same amount of 
hydrochloric acid in a conical flask placed over a balance. She can start the timer 
when she adds the magnesium ribbon to the hydrochloric acid and record the mass 
reading every 20secs. She can then plot a graph of loss in mass (g) against time (s). 
 

Guided Example 

Anya carries out the experiment for the reaction between sodium thiosulfate and 
hydrochloric acid. 

a) Balance the symbol equation below for the reaction. 

Na2S2O3   +    HCl           NaCl      +     S     +     SO2     + H2O 

b) Sulfur formed in the reaction above is a yellow solid. What is the name given to an 
insoluble solid. 

c) How could Anya monitor the above reaction? 

 

 

 

 

 

 

Reaction rate graphs 

The rates of two or more reactions can be compared using a graph of mass or volume of 
product formed against time. A reaction rate graph based on measurements of a product 

being formed will have a positive correlation. 

Activity: Add notes to explain what’s happening in each graph 

Experiment 1: 
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Experiment 2: 

 

 

 

 

 

 

 

 

Drawing tangents 

Place a ruler on the point being 
studied and adjust its position so the 
space on either side of the point 
between the ruler and curve are 
equal. 

Tangents can also be drawn at other 
points on the graph. As the reaction 
carries on, the steepness of the 
tangent to the curve decreases (e.g. 
the black line) so the reaction is 
slowing down. The pink line is steeper 
than the black line. This shows the rate 
of reaction is faster at the start. 

 

 

 

Calculating the rate of reaction from the gradient of a tangent 

To calculate the rate at the start of a reaction, you need to find the mathematical gradient 
(steepness) of the gradient at the start (dashed pink line). Use this equation: 

rate of reaction=
change in mass or volume of product

change in time
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Worked Example 2 

 

A reaction was carried out where a gas was released. The gas was collected and the 
volume of gas produced was plotted against time to produce the graph above. 

a) How much gas was produced in this reaction? 
b) At what time did the reaction come to a stop 
c) What is the rate at t=20 seconds? 

What is the rate at t=10 seconds? 

What is the rate at t=50 seconds? 

d) What do you notice about the rate of the reaction with increase in time 

e) What is the average rate of the reaction over the first 20 seconds? 

Answer: 

a) 48cm3 
b) 50 seconds  
c) t=20 seconds => draw a tangent to touch the graph only at 20 seconds. To work out 

gradient draw a triangle for your tangent and do difference in y/difference in x. 

t=10 seconds => draw a tangent to touch the graph only at 10 seconds. Repeat the rest 
of the steps as above. 

t=50 seconds => rate = 0 

d) With increase in time the rate of the reaction slows down and eventually goes to zero 
when the reaction stops at approximately 50 seconds. 

e) Average rate =  total volume collected at 20 seconds / 20 seconds 
36/20 = 1.8 cm3/seconds  
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Summary Questions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Total Score:  ……..  /16 
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Exam-Style Questions 

1. Solutions A and B are colourless. When they are mixed, they react and turn 
blue after a period of time. A student investigated how temperature affected the 

rate of reaction between solutions A and B. The rate was measured by timing how long 
the mixture took to turn blue. The results are shown in the table. 

 

 

 

 
a) Draw a graph of time taken to turn blue, in seconds against temperature in °C (x-

axis). Use graph paper.           [3 marks] 
b) Use your graph to find how long it takes the solution to turn blue at 40°C.     [1 mark] 

 
 

Time = _________________ s 
c) How does the rate of reaction change as the temperature is increased?     [1 mark] 

 

 
d) State one variable that must be kept constant to make this experiment a fair test. 

[1 mark] 

 
2. A student investigated the reaction between magnesium ribbon and hydrochloric acid. 

Mg (s) + 2HCl (aq)  MgCl2 (aq) + H2(g)  

The student reacted 20 cm3 of two different concentrations of hydrochloric acid with 
0.050 g of magnesium. All other conditions were kept the same. The student’s results are 
shown in the table. 

 

a) Name the independent variable.           [1 mark] 

 

Temperature in 
°C 

22 25 34 45 51 

Time taken to turn 
blue, in seconds  

290 250 200 170 160 
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b) Suggest a control variable.           [1 mark] 

 

c) Suggest how the student might have controlled this variable.              [1 mark] 

 

 

d) Plot these results on the same axes, with time on the horizontal axis and volume of 
gas on the vertical axis. Draw a smooth line for each concentration. Label each line 
with the concentration of acid. Use graph paper      [4 marks] 

e) i) What is the effect of doubling the concentration on the rate of reaction?   [1 mark] 

 

ii) Explain how the graphs show this effect.        [2 marks] 

 

 

f) Explain why the total volume of hydrogen is the same for both reactions.    [2 marks] 

 

 

g) Draw a labelled diagram of the apparatus you would use to do this experiment. 

[3 marks] 

 

 

 

 

 

 

 

 

 

Total Score:  ……..  /21 
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Tutorial 5.3 - Factors which affect the rate of reaction 

In this tutorial you will look at: 

 describing the effect of changes in temperature, concentration, pressure, and surface 
area of a solid on rate of reaction   

 explaining the effects on rates of reaction of changes in temperature, concentration, 
pressure and in terms of frequency and energy of collision between particles   

 describing the characteristics of catalysts and their effect on rates of reaction  

Learning activities 

Starter Activity 

1. List the factors that can affect the rate of a chemical reaction.  

 

 
2. Describe how particles react using collision theory   

 

 
 

Particles have to collide in order to react and they have to collide with enough energy. 
Successful collisions are when particles collide with a minimum amount of energy that is 
greater or equal to the activation energy. The more frequent collisions between particles in 
a given time, the faster the reaction. Increasing the frequency (number) of successful 
collisions means that a greater proportion of reactant particles collide to form product 
molecules.  

Activity: add notes to describe the following 

Concentration of a solution /pressure of a gas  
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Surface area of a solid 

 

 

 

 

 

 

 

 

 

 

Temperature 

 

 

 

 

 

 

 

 

 

 

Worked Example 1 

Michael carried out the reaction between sodium thiosulfate and hydrochloric acid and 
timed how long it took for a cross to disappear. He measured out 25cm3, 0.5 mol/dm3 
sodium thiosulfate and added it to 25 cm3, 0.25 mol/dm3 of hydrochloric acid in a conical 
flask. 

Na2S2O3   +   2HCl           2NaCl      +     S     +     SO2     + H2O 

He decided to work out how temperature affects the rate of a reaction. He chose to carry 
out the same experiment at 5 different temperatures and warm the solutions to reach the 
different temperatures. 
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a) Why did he choose to monitor the reaction by timing how long it took for a cross to 
disappear? 

b) State two variables that he needs to keep constant in this reaction. 
c) State the independent and dependent variables in the reaction. 

Michael plotted a graph for his results and noticed that as the temperature increased 
the time taken for the cross to disappear decreases. 

d) Explain this observation using collision theory. 

Answer: 

a) Sulfur is made in the reaction which is insoluble so it will build up in the conical flask 
covering the cross. 

b) Volume of sodium thiosulfate/hydrochloric acid  
Concentration of sodium thiosulfate/hydrochloric acid  

c) Independent variable – temperature  
Dependent variable – time taken for cross to disappear  

d) As the temperature increased, the rate of reaction also increased. This is because the 
particles have more kinetic energy (at higher temperatures) and there will be more 
frequent collisions. There will also be more particles with energy above the activation 
energy, so the frequency of successful collisions increases. 
 

Catalysts 

Catalysts are substances that speed up 
chemical reactions but aren't used up in the 
process. Catalysts work by providing an 
alternative route for the reaction, involving a 
lower activation energy. You can show the 
effect of a catalyst on a reaction profile 
diagram: 

 

 

Worked Example 2 

a) Describe how a catalyst speeds up a reaction. 
b) A catalyst does not appear in a chemical equation. Explain why this is the case. 
c) Ammonia is made through a reaction between nitrogen and hydrogen. The energy 

change for the reaction is –92KJ/mol. Iron is used to catalyse the reaction. Draw a 
reaction profile diagram to show the formation of ammonia. Label the activation 
energy. 

N2        +       3H2                2NH3 
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Answer: 

a) A catalyst speeds up a reaction by 
providing an alternative pathway 
of lower activation energy for the 
reaction. 

b) The catalyst is not used up in the 
reaction. It is still present at the end 
of the reaction so does not appear 
in a chemical equation.  

c) [See graph opposite opposite] 
 

Summary Questions 

 

 

 

 

 

 

 

 
 
 

 
 
 
 
 
 
 
 

Total Score:  ……..  /18 
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Exam-Style Questions 

1. Hydrogen peroxide solution is colourless and decomposes very slowly at 20°C.  

2H2O2(aq)    2H2O(l)  +  O2(g) 

Manganese (IV) oxide, a black powder, is a catalyst for the reaction. 

a) Explain what the word catalyst means         [2 marks] 

 

b) What would you see if manganese(IV) oxide was added to hydrogen peroxide 
solution?             [1 mark] 

 

c) Describe briefly one way that you could show that manganese(IV) oxide was acting 
as a catalyst.              [2 marks] 

 

 

d) Explain, using particle and collision theory, how a solid catalyst works   [2 marks] 

 

 

e) Hydrogen peroxide solution stored at 10°C decomposes at half the rate compared 
to when it is stored at 20°C. Explain, in terms of particles, why the rate of the reaction 
changes in this way.             [3 marks] 

 

 

2. When hydrochloric acid reacts with sodium thiosulphate, the solution turns cloudy 
because of the formation of sulphur. After a time you can no longer see through it. 
Rebecca did some experiments using this reaction and timed how long it took for a 
cross under the flask to be no longer visible. Her results are in the table below.  
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a) Which experiment was the fastest?          [1 mark] 

 

b) i) Which experiments can be used to see the effect of changing the concentration   
   of the sodium thiosulphate?              [1 mark] 

 

ii) What is its effect?            [2 marks] 

 

 

c) i) Which experiments can be used to see the effect of changing the concentration  
   of the hydrochloric acid?                 [1 mark] 

 

ii) What is its effect?             [2 marks] 

 

 

d) i) Which experiments can be used to see the effect of changing the temperature? 

[1 mark] 

 

ii) What is its effect?           [2 marks] 

 

 

e) Why was water added in experiments A and C?        [1 mark] 

 
Total Score:  ……..  /21 
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Tutorial 5.4 - Equilibrium 

In this tutorial you will look at: 

 Explaining what is meant by dynamic equilibrium   

 Explaining how to predict the effect of changing conditions on the position of equilibrium: 
Pressure, concentration and temperature 

Learning activities 

Starter Activity 

1. What does ⇌ mean in this chemical reaction NH4Cl (s) ⇌ NH3 (g) + HCl (g)? 

 
2. Write an equation for the forward reaction 

 
3. Write an equation for the backward reaction 

 

Reversible reactions are ones that occur in both directions. During the reaction, if the rate 
of the forward reaction equals the rate of the reverse reaction then the overall reaction is 
said to be in a state of equilibrium.  

Equilibrium is dynamic i.e., the molecules on the left and right of the equation are changing 
into each other by chemical reactions constantly and at the same rate. The concentration 
of reactants and products remains constant (given there is no other change to the system 
such as temperature and pressure). It only occurs in a closed system so that none of the 
participating chemical species are able to leave the reaction vessel. 

 

Position of equilibrium 

When a reaction is at equilibrium it does not mean the amounts of reactants and products 
are equal i.e., exactly 50% on either side. Sometimes the position of equilibrium will lie to the 
right – this means lots of the products and not much of the reactants i.e., the concentration 
of the products is greater than the concentration of reactants. 

A ⇌ 2B 

10%  90% 

If we increase the temperature and allow the reaction time to reach equilibrium again, we 
might find that we have: 

A ⇌ 2B 

20%  80% 
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If we increase the concentration of what is on the left and decrease the concentration of 
what is on the right, we say that position of equilibrium has shifted to the left. It does not 
matter that we still have more B than A, what we're looking at is the effect of changing the 
conditions of the reaction.  Sometimes the equilibrium will lie to the left, this means lots of 
the reactants but not much of the products i.e., the concentration of reactants is greater 
than the concentration of product.  

A ⇌ 2B 

70%  30% 

The exact position of equilibrium depends on the conditions. 

 

Worked Example 1 

The production of ammonia from nitrogen and hydrogen in a closed system reaches 
dynamic equilibrium after some time. 

N2        +       3H2        ⇌        2NH3 

a) Define dynamic equilibrium  
b) Why would dynamic equilibrium not be reached if the system was open? 
c) A is put into a closed system and allowed to reach 

dynamic equilibrium. The reaction is shown below. 

  A  B 

The amount of A and B was monitored over a period of 
time. The graph to the right was produced. Explain the 
graph in as much detail as possible. 

Answer: 

a) Dynamic equilibrium – is where the rate of the 
forward reaction is equal to the rate of the backward reaction. The amount of 
reactants and products remains constant at dynamic equilibrium.  

b) As substances can enter and leave, there will not come a time where the rates would 
be same. 

c) As time went on the amount of A came down as A was used up to make B. 
As time went on the amount of B increased from 0 as A was being converted into B 
The first point at which the amounts no longer change (the lines plateau) is where 
dynamic equilibrium has been reached. 
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Factors affecting the position of equilibrium 

Activity: Fill in the gaps 

Changing the pressure  

This applies to reaction in which at least one of the reactants or products is a gas, and 
where the total number of gaseous molecules on both sides of the equation are different. 
In the example here, there are three gaseous molecules on the left but only two on the 

right.     A (g) +2B (g) ⇌ C (g) + D (g) 

  

 

If you increase the pressure… 

 

 

 

Changing the concentration  

Take the reaction below as an example. If you add more A, the system responds by 
removing it again. This produces more C and D. 

 

 

Alternatively, if you remove C as soon as it is formed, the reaction will respond by replacing 
it again by reacting more A and B. Removing a substance as soon as it is formed is a useful 
way of moving the position of equilibrium to generate more products.  

 

 

Changing the temperature  

Consider this reaction, ∆H being negative tells us that the forward reaction is exothermic, 
and the reverse reaction is endothermic by exactly the same amount of energy. 

A  + 2B  ⇌  C  +  D  ∆H = -100kJ/mol 

Decreasing the temperature…  

 

 

 

Pressure is caused by molecules hitting the walls of their container. If you have fewer 
molecules in the same volume at the same temperature, you will have a lower pressure.  
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            A  + 2B  ⇌  C  +  D 

Equilibrium at 500°C            80%            20%  

Equilibrium at 100°C            60%            40% 

 

Increasing the temperature… 

 

 

 

Adding a catalyst  

Adding a catalyst speeds up reactions. In a reversible change, it speeds up the forward 
and reverse reactions by the same proportion. The net effect of this is that there is no 
change in the position of equilibrium if you add a catalyst. The catalyst is added to 
increase the rate at which the equilibrium is reached.   

Summary Questions 

Equilibrium  Energy 
change 
(forward 
reaction) 

Decrease temperature  Decrease pressure  

Moves 
left 

 No 
move  

Move 
right  

Moves 
left  

No 
move  

Move 
right  

A(g) + 2 B(g) ⇌ X(g) + Z(g) Exothermic        

2 P(g) ⇌ 2 C(g) + D(g) Endothermic        

P(g) + Q(g) ⇌ 2 X(g) Endothermic        
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Total Score:  ……..  /25 

Exam-Style Questions 

1. Many industrial processes, used to manufacture important chemicals, involve 
equilibrium reactions. Chemists use their understanding of rates of reaction and of yields 
at equilibrium to find the most economic conditions for the reactions. 

Chemists were investigating the production of a chemical, X2Y, that could be formed 
from X2 and Y2 as shown in equilibrium 3.1 below. 

2 X2(g)  +  Y2(g)  ⇌   2 X2Y(g)  equilibrium 3.1 

a) State and explain the effect on equilibrium 3.1 of a decrease in pressure on the 
equilibrium position of the reaction.         [2 marks] 

 

 

b) The chemists decided to use a catalyst in the process. State, and explain, the effect 
of using a catalyst on: 
i) the rate of conversion of X2 and Y2 into X2Y,       [2 marks] 

 

ii) the percentage conversion at equilibrium of X2 and Y2 into X2Y.       [2 marks] 
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2. Nitrogen dioxide, NO2, is a brown gas whilst dinitrogen tetroxide, N2O4, is a colourless 
gas. The following equilibrium between these two gases was set up. 

2 NO2(g)  ⇌  N2O4(g)  ΔH for forward reaction is negative 

Describe, and explain, what you would see after the following changes have been 
made and the system allowed to reach equilibrium again. 

a) The temperature is increased.            [2 marks] 

 

 

b) The pressure is increased.           [2 marks] 

 

 

3. Iodine reacts with chlorine to form iodine monochloride, ICl 
a) Write a chemical equation for this reaction.         [1 mark] 

 

b) Iodine monochloride (dark brown) reacts reversibly with chlorine to form iodine 
trichloride (yellow). The reaction mixture is allowed to reach a state of dynamic 
equilibrium. 
i) One feature of a reaction that is in dynamic equilibrium is that both the forward  
   reaction and the backward reaction occur simultaneously. 
   Give two other features of a reaction that is in dynamic equilibrium.    [2 marks] 

1.  

2.  

ii) When the equilibrium mixture is heated, it becomes darker brown in colour. 
Explain whether the backward reaction is exothermic or endothermic.    [2 marks] 

 

  
Total Score:  ……..  /15 
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Knowledge Check 2 
You should complete these questions using the online form provided by your tutor if you can. 

If you can’t complete the questions online, you can do it here: 

1. Marble chips react with hydrochloric acid to produce carbon dioxide.  
The equation for the reaction is  
CaCO3 + 2HCl  CaCl2 + H2O + CO2  
 
Which one of these changes would decrease the rate of this reaction?  

 
A. use hydrochloric acid which is more dilute  
B. use smaller sizes marble chips   
C. use marble chips which have a larger surface area   
D. use a larger volume of the hydrochloric acid 

 
 

2. A pink coloured compound of cobalt reacts with hydrochloric acid. The word equation for the reaction 
is:  
Pink cobalt compound + hydrochloric acid ⇌ blue cobalt compound + water. The forward reaction is 
endothermic.  
What happens to the concentration of the pink cobalt compound on cooling?   
 

A. decreases  
B. exactly halves   
C. remains constant  
D. increases  

 
3. A student investigates the rate of the reaction between magnesium ribbon and dilute hydrochloric 

acid. The products are magnesium chloride and hydrogen.   
Which step is incorrect in her method:  
 

A. clean a strip of magnesium ribbon to remove the oxide layer  
B. pour 50 cm3 of 1 mol/dm3 hydrochloric acid into the flask  
C. put the clean magnesium ribbon into the flask and connect the open flask to gas syringe   
D. record the volume of gas in the syringe every minute for eight minutes  

 
4. One of the stages in sulfuric acid production is described by this equation: 2SO2(g) + O2(g) ⇌ 2SO3(g). 

What will happen to the yield of SO3 if the pressure is increased?  
 

A. It will go down  
B. It will go up  
C. It will remain the same  
D. Unable to measure  

 
5. If the energy change on an energy level diagram is negative, what does this tell you about the 

reaction?  
A. It is endothermic  
B. It is impossible  
C. It is exothermic  
D. It is in equilibrium 
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Module 5 review 

How do you feel now? 

In this module we looked at: 

1. Using and understanding endothermic and exothermic reaction profile diagrams.  
2. Calculating energy changes in a chemical reaction using bond energies.   
3. Devising experiments for determining the rate of reactions and analyse the graphs 

produced.   
4. Explaining how temperature, concentration, pressure, surface area and catalysts 

effect rates of reactions using the terms collision theory and activation energy.   
5. Explaining how equilibrium is affected by varying pressure, concentration and 

temperature.   

 

Reflection is important because it helps you review and improve the way you approach 
tasks, rather than just carrying on doing things as you have always done them. 

Take a few minutes to think about where you think you did well during the last four tutorials, 
and what you think you could improve on. Write your thoughts in the boxes below. 

What I did well… What I could have improved on… 

  

What I could do differently to make the most of my next tutorials… 
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Glossary of Keywords 
Word Definition In a sentence 

Acid 
 

A substance that produces hydrogen ions (H+ 

ions) in aqueous solution 
An acid is a substance that produces 
hydrogen ions (H+ ions) in aqueous solution 

Actual Yield 
The actual mass of the product you obtain 
from the reaction 

The actual yield is the actual mass of a 
product you obtain from a reaction 

Alkali 
A substance that produces hydroxide ions 
(OH- ions) in aqueous solution 

An alkali is a substance that produces 
hydroxide ions (OH- ions) in aqueous solution 

anion 
A negative ion The anion is attracted to the anode. 

anode 
Positively charge electrode The anion is attracted to the anode 

Avogadro’s 
constant  

The number of particles per mole of a 
substance. It has the value and unit of 6.02 x 
1023 mol-1 

Avogadro’s constant is the name given to the 
number of number of particles per mole of a 
substance. 

Base 
A substance that can react with an acid to 
neutralise it by forming water (plus a salt). 

A base is a substance with a pH greater than 7 
and can react with an acid to neutralise it by 
forming water (plus a salt). 

Catalyst 
Substance that speeds up a chemical 
reaction by providing an alternative pathway 
of lower activation energy. Catalysts are not 
used up and remain chemically unchanged 
at the end of the reaction. 

Catalyst work by providing an alternative 
route for the reaction, involving a lower 
activation energy. 

cation 
A positive ion The cation is attracted to the cathode. 

cathode 
Negatively charged electrode The cation is attracted to the cathode. 

Concentrated 
 A concentrated solution is when a large 

amount of solute dissolves in a given volume 
of liquid 

Concentration  
The number of particles in a given volume The concentration of hydrochloric acid is 1 

mol/ dm3 

Concordant 
These are titres within 0.10 cm3 (or 0.20 cm3) of 
each other. 

Concordant results are titres within 0.10 cm3 of 
each other. 

Crystallisation  
When a solid salt is dissolved in the minimum 
amount of hot water, then left to cool and 
crystallise again 

Crystallisation is the process of dissolving a 
solid salt in the minimum amount of hot water, 
then leaving it to cool and crystallise again 

Dilute  
A small amount of solute dissolves in a given 
volume of liquid 

A dilute solution is when a small amount of 
solute dissolves in a given volume of liquid 

Dynamic 
equilibrium  

It is dynamic, because the rate of the forward 
reaction is equal to the rate of then backward 
reaction. 
It is equilibrium, Because the total amounts or 
concentration of the various things present are 
now constant. 

You can set up a dynamic equilibrium only if 
the system is closed, in a sealed container. 

Electrode 
A piece metal or inert solid (e.g. carbon 
graphite) 

In electrolysis the electricity is passed into and 
out of the electrolyte through two electrodes. 

Electrolysis 
The process by which a molten/aqueous ionic 
compound is broken down using electricity 

Electrolysis is the chemical change caused by 
passing an electric current through a 
compound that is either molten or in solution. 
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Electrolyte 
The ionic compound either in aqueous/molten 
state that is broken down using electricity 

Electrolytes is a liquid that undergoes 
electrolysis 

Exothermic  
A reaction in which heat is released to the 
surroundings 

Exothermic reactions give out heat to the 
surroundings 

Endothermic  
A reaction in which heat is absorbed from the 
surroundings 

Endothermic reactions take in heat from the 
surroundings 

End-point  
When an indicator changes colour The point in a titration when the indicator first 

permanently changes colour 

Filtration  
When an insoluble solid is separated 
from a liquid 

Filtration is a separation method used to 
separate an insoluble solid from a liquid 

Filtrate  
The liquid that is collected during filtration A filtrate is the liquid passes through the filter 

paper and is collected 

Insoluble 
Unable to dissolve in a particular solvent. Sand is insoluble in water. 

Mole  
The amount of substance that contains 6.02 
x1023 of particles of that substance 

A mole is the amount of substance that 
contains 6.02 x1023 of particles of that 
substance. The particles could be atoms, ions, 
electrons or molecules. 

Neutralisation  
When acids react with bases or alkalis to 
produce salt and water only 

A neutralisation reaction is a reaction where 
acids can react with bases or alkalis to 
produce salt and water only 

Oxidation 
Gain of oxygen/loss of electrons Oxidation is the loss of electrons. 

Oxidising 
agent 

Something that oxidises something else by 
taking electrons away from it or adding 
oxygen to it. 

An oxidising agent is reduced in a chemical 
reaction 

Percentage 
Atom 
Economy 

total Mr of the desired product
total Mr of all the reactants  

 x100 
The percentage atom economy is the 
percentage of atoms in the total reactants 
that make up the desired product 

Percentage 
Yield  

    Actual Yield      x100 
Theoretical Yield 

The percentage yield is a measure of how 
much product is actually made 

Precipitate 
A suspension of particles in a liquid formed 
when a dissolved substance reacts to form an 
insoluble substance. 

A precipitate is a fine solid that is formed by a 
chemical reaction involving liquids. 

Pure  
A substance consisting of only one type of 
element or compound 

Pure is when a substance consists of only one 
type of element or compound 

Rate of 
reaction  

Change in concentration of reactant/product 
over unit time 

Over time the rate of reaction slows as the 
reactants are being used up. 

Reduction  
Loss of oxygen/gain of electrons Reduction is the gaining of electrons 

Reducing 
agent 

Something that reduces something else by 
giving it electrons or removing oxygen from it. 

A reducing agent is oxidised in a chemical 
reaction 
 

Redox 
A reaction where both oxidation and 
reduction are taking place. 

A redox reaction is where both oxidation and 
reduction are taking place. 
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Solute 
A substance dissolved in a solvent A solute is the dissolve substance in a solution. 

A solute can be a solid, liquid or a gas 

Solution  
A solute dissolved in a solvent A solution is when a solute is dissolved in a 

solvent 

Solvent  
A liquid which dissolves a solute. A solvent is the liquid in which the solute 

dissolves to form a solution. 

Spectator ion 
An ion that does not change during a 
reaction. 

A spectator ion does not change during a 
reaction. 

Strong Acid  
Completely dissociate/ionise in aqueous 
solution to form H+ and A- 
 

A strong acid is an acid that completely 
dissociates/ionises in aqueous solution to form 
H+ and A- 

Tangent 
A straight line that just touches a point on a 
curve. A tangent to a circle is perpendicular 
to the radius which meets the tangent. 

A tangent to a circle is perpendicular to the 
radius which meets the tangent. 

Theoretical 
Yield 

The maximum possible mass of a product that 
can be made in a chemical reaction. 

The theoretical yield is the maximum possible 
mass of a product that can be made in a 
chemical reaction. 

Weak Acid  
Partially dissociate/ionise in aqueous solution 
to form H+ and A- 

A weak acid is an acid that partially 
dissociates/ionises in aqueous solution to form 
H+ and A- 
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End of programme reflection 

In your final tutorial your tutor will give you some feedback and you’ll reflect on the whole 
of the programme. Use this space to write your thoughts and targets for improvements you 
could make in your lessons at school. 

What I did well… What I could have improved on… 

  

My target for future work is… 

 

What I enjoyed most about the Brilliant Tutoring Programme… 

 

What I found challenging… How I overcame these challenges… 
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Congratulations! 

You’ve reached the end of the Brilliant Tutoring Programme! This means you have 
completed 15 hours of tutoring with a PhD researcher or Masters student in Chemistry. You 
have worked on developing your subject knowledge and study skills which can be applied 
in your future school studies 

Contact us 

If you ever have any questions or need help from The Brilliant Club, contact us on: 

btpschools@thebrilliantclub.org 

 

For resources about the programme, including guidance on how to use Microsoft Teams, 
go to: 

thebrilliantclub.org/already-working-with-us/btp 
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