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Welcome to the Brilliant Tutoring Programme 

Welcome to the Brilliant Tutoring Programme, run by The Brilliant Club. The Brilliant Club is an 

approved National Tutoring Programme provider. We are taking part in the national catch-

up effort so pupils can access a future they deserve.  

You’ll be working with eight pupils per placement, split into two groups of four. You will help 

them re-engage and rebuild confidence in core curriculum subjects and inspire them with 

your knowledge and expertise. You’ll usually deliver your tutorials virtually. 

Each tutorial will normally be 1 hour long, so you’ll have a minimum of 2 hours teaching 

time per week. However, this is likely to be more, depending on the schedule agreed with 

the school. You will also have to factor in some prep time per tutorial. 

Tutorial Description 

Tutorial 1 
You will introduce yourself and tell pupils a bit about the topic and your 

area of research or study. 

Tutorial 2-13 
These are the tutorials where you will teach around three modules based 

on the 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 you to give some feedback to pupils and help them 

to reflect on their progress. 
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Key contacts 

 

Each school nominates a Lead Teacher to select the pupils, co-ordinate 

the tutorials in school, and support the pupils throughout. The lead 

teacher has a crucial role in helping the pupils to succeed on the 

programme. 

 

You will be assigned a Programme Officer from The Brilliant Club. They 

will work closely with lead teachers to support programme logistics in 

school and support you to deliver your placement(s). 

If you ever have any general questions, contact us on: btptutors@thebrilliantclub.org  

 

For resources and guidance documents to support you during your placement, go to: 

thebrilliantclub.org/already-working-with-us/btp   

 

Your responsibilities during your placement 

During your placement we ask that you: 

 Complete registers within 24 hours of the tutorial (separate guidance on this 

process will be provided). It is important that we have a record of attendance 

for child safeguarding and to monitor pupil progress. 

 Communicate regularly with your Programme Officer. Remember that teachers 

and school staff can have competing demands on their time, therefore keep 

your Programme Officer in the loop so they can follow up on any issues. We also 

love hearing when things are going well too! 

 Give us as much notice as possible if you need to reschedule a tutorial. Schools, 

parents and pupils find it challenging to change dates at short notice. You should 

only cancel tutorials at short notice if you are unwell or have an emergency. 

 Uphold your safeguarding responsibilities as set out in our Safeguarding Training: 

thebrilliantclub.org/tutor-training/introductory-module 

 

mailto:btptutors@thebrilliantclub.org
https://thebrilliantclub.org/already-working-with-us/btp/btp-tutors/
https://thebrilliantclub.org/already-working-with-us/btp/btp-tutors/
https://thebrilliantclub.org/tutor-training/introductory-module/
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Preparing for your placement 

Before your start your first tutorial, you should complete the following steps to make sure 

you’re fully prepared: 

 Complete or renew your DBS and Right to Work checks (You will be contacted 

about this if required) 

 Complete all the relevant training modules 

 Confirm your tutorial schedule, placement details and modules with your 

Programme Officer 

 Receive the course materials, review these and tailor them as needed 

 Read the virtual tutorial guidance for Microsoft Teams 

 Receive your Microsoft Teams log in details and meeting link, and check these 

are working 

You can find Teams guidance here: 

thebrilliantclub.org/already-

working-with-us/btp 

You can find all the training modules here: 

thebrilliantclub.org/tutor-training 

Password: tbctutors 

 

Knowledge Checks 

Pupils complete a short Knowledge Check at the start and end of each module. These are 

short assessments in which pupils answer exam style questions on the module topic.  

The purpose of these Knowledge Checks are to: 

• See the progress pupils make between the start and end of each module  

• Share this data with schools so they can monitor pupil progress 

• Give you information about pupil progress to inform your tutorial planning 

We strongly encourage pupils to complete these Knowledge Checks using the digital link 

that will be provided by your Programme Officer before the start of your placement, as this 

is the quickest and most efficient way for the information to be collected and shared with 

you.  

However, if pupils aren’t able to access the digital link, they can complete the assessment 

on paper or on a word document. They should then send their work to 

btpschools@thebrilliantclub.org and include their school and tutor name.  

  

https://thebrilliantclub.org/already-working-with-us/btp/
https://thebrilliantclub.org/already-working-with-us/btp/
https://thebrilliantclub.org/tutor-training/
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Using your course resources and guidance 

To support you to deliver your placement, you have a number of resources. 

This guidance document 

The rest of this document is dedicated to providing facilitation notes and answers for each 

of the tutorials you’ll deliver. 

You should use it in conjunction with the tutorial presentations to prepare for each session. 

Tutorial presentations 

Presentations for each tutorial are provided in PowerPoint (for Windows) and Keynote (for 

Mac) format. 

These contain pre-prepared learning activities along with facilitation notes. We have 

indicated where you could add additional activities and slides based on your own 

knowledge and teaching ideas. You should also feel free to tailor any of the activities 

based on the needs of the pupils you are working with. 

Pupil handbook 

Pupils will receive a printed course handbook and you’ll get a digital copy of this. These 

contain space for them to complete learning activities, Knowledge Checks and reflections. 

The activities will correlate to the presentations you have, but please ask pupils to use extra 

paper if they need more space. 

Answers to tutorial questions 

There are various types of questions and activities that will be used in tutorials: 

o Starter activities – these questions are in the pupil handbook and on the 

presentations; answers are found in the relevant tutorial section of this document.  

o Summary questions – these questions are not in the pupil handbook but are on the 

presentations. Pupils have space to write their answers in their handbook; answers 

are found in the relevant tutorial section of this document and the PowerPoint slides. 

o Exam-style questions – these questions are in the pupil handbook and on the 

presentations; answers are found in the relevant tutorial section of this document 

and the PowerPoint slides. 

o Bonus exam questions – there are a couple of bonus exam questions for pupils who 

are working through the content quickly; these are not in handbooks, but questions 

and answers can be found in the relevant presentations if you choose to use them. 

o Worked Examples – pupils have these examples in their handbook but they are also 

on the presentations so you can go through them together. Where there are 

multiple worked examples in a tutorial, you could choose to talk through the first 
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example to show them how it works, then go through subsequent examples in a 

more collaborative way. 

o Guided Examples – pupils have the question and space to write an answer in their 

handbook; the answers to these examples are on the presentations and pupils can 

write down the answer as you go through them 

o Other activities e.g., fill in the definitions, add labels, add notes, etc. – these are all in 

the relevant presentations so pupils can complete the activity as you go through the 

slides 

Setting homework 

It is not an expectation for you to set homework, nor is homework compulsory for pupils to 

complete. If you feel the pupils you work with need or would like to complete extra work 

outside of tutorial time, you can agree this with them. However, it should be seen as an 

optional extra for them to practice or stretch themselves. Some examples have been 

included in this guidance or on the slides.  

  

You’ll be emailed all the documents you need, but will always be able to find copies at: 

 thebrilliantclub.org/already-working-with-us/btp 

https://thebrilliantclub.org/already-working-with-us/btp/
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Tutorial 1 – Introductions 

The purpose of Tutorial 1 is to start getting to know your pupils and collect some information 

from the group that helps us to report programme impact to our school partners.  

Further guidance about Tutorial 1 and supporting resources, such as accompanying slides, 

will be provided to you when your placement is confirmed. 

This table outlines the suggested structure for Tutorial 1.  

Section Suggested Time Additional Information  

Introduction & Icebreaker 10 mins Introduce yourself to the pupils and find 

out a bit about them. 

Introduce your research 15 mins An opportunity to engage pupils with 

your research/degree and link it to the 

BTP subject they are going to be 

studying. 

Welcome to BTP 5 mins Sharing a pre-recorded welcome video 

explaining the programme to pupils. 

Pre-Programme Survey 10 mins Pupils will complete a pre-programme 

survey using the link and codes your 

Programme Officer shares with you. 

Knowledge Check 15 mins Pupils will complete the Knowledge 

Check for the first module you’ll be 

covering. 
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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  

 

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 

Knowledge Check:  

At the beginning of this tutorial you will guide pupils through a set of confidence and 

Knowledge Check questions – you’ll find more details about this on the relevant tutorial 

slides. Answers for Knowledge Checks are found in the Appendices. 

 

Lesson summary: 

This first lesson is an introduction to mole calculations where student will apply their maths 

skills in order to calculate the moles, mass or number of particles of a substance.  

 

Common misconceptions: 

• Students not understanding what a mole is and why it’s used (it will be good to 

compare with familiar terms e.g. ‘a dozen’ represents a specific quantity of 12; ‘a 

pair’ represents a specific quantity of 2) 



 

 

9 

 
 

• Students not converting kilograms into grams before calculating moles (see summary 

question 5)  

• Students not quoting values to the correct number of significant figures (see worked 

example 3)  

• Issues with calculating mole ratios of atoms within a compound to the compound 

itself (see worked example 4)  

 

Assessing students’ progress: 

LO1: Describing the measurement of amounts of substance in moles  

Students will meet LO1 if they can successfully answer summary questions 1-2 and exam 

question 2 

LO2: Calculating the number of moles of particles of a substance in a given mass of that 

substance and vice versa 

Students will meet LO2 if they can successfully answer summary questions 3-6 and exam 

question 2  

LO3:  Calculating the number of particles of a substance in a given number of moles or 

mass of that substance and vice versa 

Students will meet LO3 if they can successfully answer summary questions 7-10 and exam 

question 3 

 

Tutorial Activity Answers: 

Starter activity 

In chemistry, the term ‘one mole’ (symbol: mol) is a term used to quantify a specific number 

of particles in a substance. The number of particles in a substance is often very large and so 

using the term mole makes it much easier to quantify things in chemistry. 

 

Summary Questions 

1. One mole of a substance is 6.02 x1023 of particles of that substance [1 mark] 

 

2. 1 mol copper; 1 mol water; 1 mol hydrogen gas [1 mark] 

 

3. Mr of C2H5OH = 46 

Mol = 9.2 g /46 = 0.20 mol [1 mark] 

 

4. Mr of hydrogen molecule (H2) = 2  

Mol = 4 g /2 = 2 mol [1 mark] 
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5. Mr of Al(OH)3 = 78 

Mass = 0.039kg x1000 = 39 g 

Mol = 39 g /78 = 0.50 mol [1 mark] 

 

6. Mr of (NH4)2SO4 = 132 

Mass = mol x Mr  = 0.002 x 132 = 0.264 g ÷ 1000 = 2.64 x10-4 kg [1 mark] 

 

7. Mr of carbon monoxide (CO) = 28  

Mol = 0.014 g /28 = 5x10-4 mol 

Number of molecules = 5x10-4 mol x 6.02 x1023 mol-1 = 3.01 x1020 [1 mark] 

 

8. Mr of chlorine gas (Cl2) = 71  

Mol = 0.335 g /71 = 4.72x10-3 mol 

Number of molecules = 4.72x10-3 mol x 6.02 x1023 mol-1 = 2.84 x 1021 [1 mark] 

 

9. Mole ratio of CuSO4 to Cu2+ ions is 1:1 

Therefore moles of Cu2+ ions in CuSO4 = 10 mol 

Number of copper ions = 10 mol x 6.02 x1023 mol-1 = 6.02 x1024 [1 mark] 

 

10. Mole ratio of CuCl2 to Cl- ions is 1:2 

Therefore moles of Cl- ions in CuCl2 = 5 x 2 =10 mol 

Number of chloride ions = (5x2 mol) x 6.02 x1023 mol-1 

                                                   = 6.02 x1024 [1 mark] 

TOTAL = 10 

 

Exam-Style Questions 

1. Mr of CO2 = 44 [1 mark] 

Moles = 6.60 g /44 = 0.15 mol [1 mark] 

2 marks awarded for correct answer (with or without working out) 

 

2. a) The number of particles per mole of a substance [1 mark] 

b) 72 g of water = 72 g /18 = 4 moles [1 mark] 

number of molecules of water = 2.408 x 1024 [1 mark] 

answer to 3 sig figs = 2.41 x 1024 [1 mark] 

2 marks awarded for correct answer (with or without working out) 

TOTAL = 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 

Lesson summary: 

Lesson 2 focuses on applying mole calculations that were taught in session 1 to chemical 

reactions and their balanced equations. Students are introduced to this session with a 

starter activity, which explores why equations need to be balanced. 

 

Common misconceptions: 

• Students include the coefficients from balanced equations as part of their mole 

calculations. 

e.g. For summary question 2, students may incorrectly work out the moles of Fe as: 

Moles of Fe = mass/Ar 

                     = 28.0 g / 2 x 56    

                     = 0.25 mol 

instead of:  

Moles of Fe = mass/Ar 

                     = 28.0 g / 56  

                    = 0.50 mol 

Students should be made aware that coefficients are only used to work out the mole ratios 

of species in an equation. 
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• Students mistake the coefficients in a balanced equation as the theoretical moles of 

a reactant or product.  

e.g. For summary question 2, students may incorrectly deduce the theoretical mole of Fe as 

2 moles (as shown in the balanced equation). Therefore, students will avoid correctly 

calculating the moles of Fe instead using the mole equation (mass/Ar) 

 

Assessing students’ progress: 

LO1: Calculating masses of reactants or products from balanced equations, given the mass 

of one substance  

Students will meet LO1 if they can successfully answer summary questions 3 and exam 

questions 1.a) and 2.b) 

LO2: Explaining why, in a reaction, the mass of product formed is controlled by the mass of 

the reactant, which is not in excess 

Students will meet LO2 if they can successfully answer summary questions 2 and exam 

question 1.b) and 2.a) 

LO3:  Deducing the stoichiometry of an equation from the masses of reactants and products 

Students will meet LO3 if they can successfully answer summary questions 4 and exam 

question 3  

 

Tutorial Activity Answers: 

Starter Activity  

1. 3 Cl2   + 6 NaOH → 5 NaCl + NaClO3  + 3H2O 

Working out: 

                         Cl    = 2   6                            Cl    = 2    6 

 

                         Na   = 1   6                            Na   = 2   6 

 

                          O   = 1   6                             O   =    6 

 

                          H  =   1    6                             H    =    6 
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2. 3 N2O4   + 2 H2O  →  4 HNO3 + 2 NO 

Working out: 

                             N    = 2  6                       N    = 3   6 

 

                             H    = 2   4                       H    = 1   4 

 

                             O   = 5   14                      O   =   5   14 

 

Summary Questions  

1. 2C8H18 + 25O2 → 16CO2 + 18H2O 

                                  2 mol             :   16 mol 

    1 mol            :     8 mol  

 

Therefore 1 mole of octane will produce 8 moles of carbon dioxide [1 mark] 

 

2. Moles of Fe = mass/Ar 

                              = 28.0 g / 56  

                              = 0.50 mol 

Mole ratio of Fe: FeCl3 is 1:1 

Therefore 0.50 mol of FeCl3 is produced 

Maximum mass of FeCl3 produced = mol x Mr  

                                                               = 0.50 mol x 162.5  

                                                               = 81.25 g [1 mark] 

 

3. Moles of Al2O3 = mass/Mr    

                                 = 204g/102 

                                 = 2 mol 

Mole ratio of Al to Al2O3 is 2:1 

Therefore, moles of Al used up = 2 mols x 2 = 4 mols 

Mass of Al = mol x Ar 

                           = 4 x 27  

                               = 108 g [1 mark] 
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4. ……..N2 (g) + …….H2 (g) →   ……..   NH3 (g) 

                   84g/28   :        18g/2    :           102g/17      [1 mark] 

                  3 mol/3   :      9 mol/3   :      6  mol/3 

                    1 mol     :       3 mol     :       2 mol   

Therefore, the balanced symbol equation is: 

N2 (g) + 3H2 (g) →   2 NH3 (g) [1 mark] 

TOTAL = 5 

 

Exam-Style Questions 

1. a) Mg (s) + H2O (g) → MgO (s) + H2 (g) [1 mark for correct formula for all species; 1 

mark for correct state symbols] 

b) Moles of Mg = 2.00g/24  

                               = 0.0833 mol [1 mark] 

Mole ratio of Mg to MgO is 1:1.  

Therefore, moles of MgO = 0.0833 mol  

Maximum mass of MgO = mol x Mr 

                                                                   = 0.083 mol x 40 [1 mark- ecf for incorrect mol of Mg] 

                                                 = 3.33 g [1 mark-ecf] 

3 marks awarded for correct answer to 3.s.f (with or without working out) 

 

2. a) Mr of C6H8O7 = 192   

Moles of C6H8O7 = mass/ Mr 

                                  = 20.0 g/192 

                                  = 0.104 mol [1 mark] 

Mole ratio of C6H8O7 to NaHCO3 is 1:3  

Therefore, moles of NaHCO3 = 0.104 x 3  

                                                    = 0.312 mol [1 mark-ecf for incorrect mols] 

Minimum mass of NaHCO3 = mol x Mr 

                                              = 0.312 mol x 84 [1 mark] 

                                               = 26.2 g [1 mark] 

4 marks awarded for correct answer to 3.s.f (with or without working out) 
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b) Moles of H2O = 7.2 g/18  

                                 =0.400 mol [1 mark] 

Mole ratio of H2O to C6H8O7 is 3:1  

Moles of C6H8O7 used up = 0.400mol/ 3  

                                                     = 0.133 mol [1 mark –ecf for incorrect mole of H2O] 

Mass of C6H8O7 reacted = mol x Mr  

                                                  = 0.133 mol x 192 [1 mark]  

                                                = 25.5 g [1 mark] 

4 marks awarded for correct answer to 3.s.f (with or without working out) 

 

3. a) Mass of oxygen used up 17.65g -14.10g = 3.55 g [1 mark]                   

                      ………A   +      …….O2      →           …….AOx 

mass             14.10 g            3.55  g                         17.65 g  

Moles                                 3.55 g/32                    17.65g/79.5  

                                        0.1109 mol                       0.2222 mol [1 mark each for correct moles] 

                                        0.1109/0.1109               0.2222/0.110 [1 mark for division by smallest mole]  

                                              1mol                            2 mol   

Moles of Metal A in balanced equation must be 2 mol [1 mark]                   

 

2A + O2  → 2AOx    

Mr of A = mass/moles 

                = 14.10g/ 0.2222 mol  

                = 63.5   

Metal A = Cu [1 mark]  

AOx = CuO [1 mark] (x must be 1 to maintain a balanced equation)  

 

b) 2Cu (s) + O2 (g) → 2CuO (s) [1 mark for correct formula for all species; 1 mark for 

correct state symbols] 

TOTAL = 21  

The actual number of moles 

of Cu must be used instead  
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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 

Lesson summary: 

In lesson 3 students will learn how to calculate percentage yield. Students will also learn 

why percentage yields are often less than 100%. In addition, students will learn how to 

calculate percentage atom economy and use their understanding of this calculation to 

evaluate the reaction method that should be used for mass production. 

 

Common misconceptions: 

• Students must remember to include the coefficients of balanced equations when 

working out the Mr of desired products and total reactants. This is only applicable for 

percentage atom economy calculations  

• Students must remember that theoretical yields are always greater than actual 

yields 

•  Theoretical yields are always in the denominator of the percentage yield equation 

and actual yields in the numerator of the equation 

• Errors often arise when students calculate Mr. Students should be encouraged to 

check their Mr calculations twice to avoid making unnecessary mistakes)  

 

Assessing students’ progress: 

LO1: Calculating the percentage yield of a reaction from the actual yield and the 

theoretical yield  

Students will meet LO1 if they can successfully answer summary questions 1 and exam 

question 1.a)  
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LO2: Explaining why the actual yield of a reaction is usually less than the theoretical yield  

Students will meet LO2 if they can successfully answer summary questions 2 and exam 

question 1.c) 

LO3:  Calculating the atom economy of a reaction to form a desired product from the 

balanced equation  

Students will meet LO3 if they can successfully answer summary questions 3 and exam 

question 1.b) 

LO4: Explaining why a particular reaction pathway is chosen to produce a specified 

product given appropriate data  

Students will meet LO4 if they can successfully answer summary questions 4 and exam 

question 2  

 

Tutorial Activity Answers: 

Starter Activity  

1. The term ‘yield’ relates to the amount of product you obtain which it often 

measured in grams (but it can also be other units such as tonnes) 

2. If a reaction has 100% percentage yield, this means that the actual mass or moles of 

the product obtained is equal to the theoretical mass or moles of the product. This 

means that you have obtained all the product you expected to get! 

3. We need to know two things before we can determine the percentage yield of a 

reaction: 

• Theoretical Yield 

• Actual Yield  

 

Summary Questions  

1. Moles of KI = mass/ Mr 

                                            = 3.32g / 166   

                                                   = 0.0200 mol [1 mark] 

Mole ratio of KI : PbI2  is  2:1 

Therefore, the theoretical moles of PbI2 produced is 0.0200 /2 = 0.0100 mol [1 mark] 

Maximum theoretical mass of PbI2 = mol x Mr 

                                                                        = 0.0100 mol x 461  

                                                                                                                 = 4.61 g of PbI2 



 

 

18 

 
 

Percentage Yield =  
Actual Yield

Theoretical Yield
 x 100  

                                                   =
3.92 g

4.61 g
 x 100 

                                       = 85 % [1 mark] 

2.  

• Some of the product may be lost when it is separated from the reaction mixture e.g. 

lost during filtration [1 mark] 

• Some of the reactants may react in ways different to the expected reaction i.e. 

Unexpected side reactions may occur [1 mark] 

 

3. Mr of desired product (2 Cu) = 2 x 63.5  

                                                              = 127 [1 mark] 

Mr of all reactants (2 CuO + C) = (2 x 63.5) + (2 x 16) + 12 

                                                                = 171  

Percentage Atom Economy = 
127

171
 x100      

                                                      = 74.3% [1 mark] 

 

4. Method 1: 

Percentage Atom Economy   =   
32

68.5
 x100       

                                                        =    46.7% [1 mark] 

Method 2: 

Percentage Atom Economy   = 
32

68
 x100           

                                                           =    47.0% [1 mark] 

Very close percentage atom economies! but method 2 should be selected, as its 

percentage atom economy is slightly higher [1 mark] 

TOTAL = 10 
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Exam-Style Questions 

1. a) Moles of CaCO3 = mass/ Mr 

                                                  = 24.00 g / 100 [1 mark for Mr] 

                                                         = 0.24 mol [1 mark] 

Mole ratio of CaCO3: CaO  is 1:1 

Therefore, the theoretical moles of CaO produced is 0.24 mol [1 mark- ecf for 

incorrect mole of CaCO3] 

Maximum theoretical mass of CaO = mol x Mr 

                                                           =   0.24 mol x 56   

                                                                                           = 13.44 g [1 mark –ecf]        

Percentage Yield  =  
Actual yield

Theoretical yield
× 100 

                                           =     
4.75 𝑔

13.44 𝑔
× 100 [1 mark ecf] 

                                          =      35.3 %  [1 mark ecf] 

 

b) Mr of desired product (CaSO4) = 40 + 32 + (16 x 4)  

                                                             = 136 [1 mark] 

Mr of all reactants  (CaO + H2SO4) = (40 +16) + (2 + 32 + (16 x 4)) 

                                                             =154 [1 mark] 

Percentage Atom Economy   =   
136

154
× 100 

                                                          =   88.3% [1 mark]  

 

c) The student is incorrect [1 mark] 

More reaction steps means more chances to lose product at each stage [1 mark] 

 

2. a) Method 1: 

Percentage Atom Economy   = 
240

276
× 100 

                                                    = 87.0% [1 mark] 
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Method 2:  

Percentage Atom Economy =  
58

120
× 100 

                                                      = 48.3% [1 mark] 

The oxidation of butane should be selected as it has a higher percentage atom 

economy; therefore less waste is produced via this process [1 mark] 

 

b) Use a catalyst so that lower temperatures can be used/ no need to heat reaction 

mixture [1 mark] 

TOTAL = 15 

 

 

  



 

 

21 

 
 

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  

Lesson summary: 

In lesson 4 students will learn the relationship between moles and molar gas volume through 

Avogadro’s Gas Law. As a result, students will be able to apply the mathematical skills and 

theory they learnt in session 2 (amounts of substances and equations) to work out the 

moles, volume or mass of reactants and products from balanced symbol equations 

 

Common misconceptions: 

• Students often incorrectly divide the volume by the wrong value when calculating 

the moles using Avogadro’s Law. Students must remember a volume of dm3 

provided in the question means you must divide by 24 and a volume of cm3 

provided in the question means you must divide by 24000 

• Students must remember how to convert from dm3 to cm3 and vice versa  

 

Assessing students’ progress: 

LO1: Describing the relationship between molar amounts of gases and their volumes and 

vice versa 

Students will meet LO1 if they can successfully answer the starter activity and exam 

questions 3  
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LO2: Calculating the volumes of gases involved in reactions using the molar gas volume at 

room temperature and pressure  

Students will meet LO2 if they can successfully answer summary questions 1-2 and exam 

question 2.a) 

LO3: Calculating volumes of gases from a balanced equation and a given volume or mass 

of a reactant or product 

Students will meet LO3 if they can successfully answer summary questions 3-5  and exam 

question 1 , 2.b) and 4 

 

Tutorial Activity Answers: 

Starter Activity  

a) Sally is incorrect. 

This is because all three gases have different relative molecular/atomic masses (H2 = 

2; Ne= 20 and SO2 = 64). 

As a result, the container of SO2 gas would weigh the most  

b) Jill is correct. 

Avogadro’s Law states that when the temperature and pressure stay the same: 

equal volumes of different gases contain an equal number of molecules/moles 

 

Summary Questions  

1. a) 2.8 g of nitrogen (N2) 

moles of nitrogen = 2.8 g / 28 = 0.1 mol 

Volume of nitrogen = 0.1 mol x 24 = 2.4 dm3 [1 mark] 

 

b) moles of oxygen = 64 g / 32 = 2 mol 

volume of oxygen = 2 mol x 24 = 48 dm3 [1 mark] 

 

c) moles of methane = 1.6 g /16 = 0.1 mol  

volume of methane = 0.1 mol x 24 = 2.4 dm3 [1 mark] 

 

2. a) Volume (dm3) = number of moles of gas x 24  

                                         =     2.0 mol x 24  

                                    =    48 dm3 [1 mark] 
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b) Volume (dm3) = number of moles of gas x 24  

                              =     0.1 mol x 24  

                              =    2.4 dm3 [1 mark] 

 

c) Volume (dm3) = number of moles of gas x 24  

                              = 10 mol x 24  

                              = 240 dm3 [1 mark] 

 

3. Volume ratio of NO: CO is 1:1  

Therefore 48 dm3 of NO reacts [1 mark] 

 

4. Moles of CaCO3 = mass/Mr 

                                      = 1.0 g / 100 

                                     = 0.01 mol [1 mark] 

Mole ratio of CaCO3: CO2 is 1:1 

Therefore 0.01 mol of CO2 is produced  

Volume (cm3) = number of moles of gas x 24000  

                            = 0.01 x 24000 

                            = 240 cm3 [1 mark] 

 

5. Number of moles of CO2 =  
12

24
 = 0.5 mol [1 mark] 

Mole ratio of CO2: LiOH  is 1:2 

Therefore 1 mol of LiOH must be absorbed 

Mass = mol x Mr 

               = 1 x 24 

               = 24 g [1 mark] 

TOTAL = 11 
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Exam-Style Questions 

1. Moles of CaCO3 = mass/Mr 

                                       = 0.400 g / 100 

                                        = 4.00 x10-3 mol [1 mark] 

Mole ratio of CaCO3: CO2 is 1:1 

Therefore 4.00 x10-3 mol of CO2 is produced  

Volume (dm3) = number of moles of gas x 24  

                       =   4.00 x10-3 x 24 [1 mark- ecf for incorrect mol of CaCO3] 

                        = 0.096 dm3 [1 mark –ecf] 

 

2. a) Number of moles of O2 =  
60

24000
 OR 

0.06

24
 

                                                         = 2.5 x10-3 mol [1 mark] 

 

b) Moles of H2O2 = mass/Mr 

                                     = 48 g / 34 

                                     = 1.4 mol [1 mark] 

Mole ratio of H2O2: O2 is 2:1 

Therefore 0.7 mol of O2 is produced  

Volume = number of moles of gas x 24               

              =   0.7 x 24 [1 mark- ecf for incorrect mol of H2O2] 

              = 16.8 dm3 [1 mark –ecf] 

OR 

Volume = number of moles of gas x 24000  

              =  0.7 x 24000 

              = 16800 cm 

 

3. Avogadro’s Law [1 mark] states that at any particular temperature and pressure [1 

mark] 

equal volumes of different gases contain an equal number of molecules [1 mark] 
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4. Volume of ammonia produced = 2/3 x 795 [1 mark] 

                                                                    = 530 dm3 [1 mark] 

530 x 1000 = 530000 cm3 [1 mark] 

TOTAL = 14 

 

Knowledge Check: 

At the end of this tutorial you will guide pupils through a set of confidence and Knowledge 

Check questions. You will also complete a reflection exercise so that pupils can take time 

to think about what they found challenging and where they did well – you’ll find more 

details about this on the relevant tutorial slides. Answers for Knowledge Checks are found in 

the Appendices. 
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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 

 
 

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 

Knowledge Check:  

 At the beginning of this tutorial you will guide pupils through a set of confidence and 

Knowledge Check questions – you’ll find more details about this on the relevant tutorial 

slides. Answers for Knowledge Checks are found in the Appendices. 

 

Lesson summary: 

Lesson 1 is an introduction to the nature of acids and bases and how their acidity and 

alkalinity can be measured using the pH scale. Students will also learn the difference 

between common terms used to describe acids such as weak, strong, dilute and 

concentrated. Students will also learn about the key ions involved in neutralisation reactions 
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Common misconceptions: 

• Students may be unaware of the difference between how a substance behaves in 

a solid and in a solution (students may find it difficult to understand or may forget 

that ions are now separated in solution) 

• Students may forget there is an inversely proportional relationship between pH and 

H+ concentration and that as the H+ ion concentration increases by a factor of 10, 

the pH decreases by a factor of one  

• Students may think concentrated and strong have the same meaning (and weak 

and dilute have the same meaning) 

 

Assessing students’ progress: 

LO1: 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. 

Students will meet LO1 if they can successfully answer summary questions 1- 7 and exam 

question 2 and 5. b) 

LO2: Using and explaining the terms dilute and concentrated and weak and strong in 

relation to acids  

Students will meet LO2 if they can successfully answer summary questions 8-9 and exam 

question 3-4 and 5. a) 

LO3:  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  

Students will meet LO3 if they can successfully answer summary questions 10 and exam 

question 1 and 6  

 

Tutorial Activity Answers: 

Starter Activity 

1. Hydrochloric acid - HCl 

2.  Sodium Hydroxide – NaOH   OR Sodium carbonate – Na2CO3 

Students must remember that alkalis are bases that are soluble in water. Sodium oxide is 

not an alkali as it’s insoluble in water  

3. Using a universal indicator and a pH colour chart 

OR  

A pH probe attached to a pH meter to measure the pH of the solution. 
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Universal indicator will go red/orange/yellow if an acid is present 

Universal indicator will go blue/purple is an alkali is present 

pH probe reading below pH 7 = acid  

pH probe reading above pH 7 = alkali 

 

Summary Questions  

1. H+ ions/ hydrogen ions [1 mark] 

 

2. OH- ions/hydroxide ions [1 mark] 

 

3. Orange/yellow; (Orange juice is a weak acid so red is not expected) [1 mark] 

 

4. a)  Blue/purple (Excess of alkali present) [1 mark] 

b)  Green (Neutralisation reaction takes place. Water is made which is neutral and 

no excess alkali is present) [1 mark] 

 

5. The pH probe must be calibrated before use by setting the pH probe at pH 7 whilst it 

is dipped in a beaker of pure water [1 mark] 

 

6. The concentration of H+ ions has decreased by a factor of 10 therefore the pH will 

increase by 1. So, the final pH is 3.3 [1 mark] 

 

7. The concentration of H+ ions has decreased by a factor of 100 therefore the pH will 

increase by 2. So, the final pH is 3.4 [1 mark] 

 

8. Concentrated, weak acid – C [1 mark] 

(Weak acid because a large proportion of the acid particles are undissociated; 

concentrated because there is a large number of acid particles in a given volume)  

Dilute, strong acid – D [1 mark] 

(Strong acid because all acid particles have completely dissociated into H+ and A-; 

Dilute because there is a small number of acid particles in a given volume)  

Concentrated, strong acid – A [1 mark] 

(Strong acid because all acid particles have completely dissociated into H+ and A-; 

concentrated because there is a large number of acid particles in a given volume)  

Dilute, weak acid – B [1 mark] 

(Weak acid because a large proportion of the acid particles are undissociated; 

Dilute because there is a small number of acid particles in a given volume 
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9. Hydrochloric acid is a strong acid. Strong acids completely ionise/dissociate in 

water. As a result, there is a high concentration of H+ in solution. This causes a low pH 

value.  

Ethanoic acid is a weak acid. Weak acids partially ionise/dissociate in water. [1 

mark] As a result, there is a low concentration of H+ in solution. This causes a high pH 

value [1 mark] 

10. H+ ions from the acid combined with OH- ions from the alkali to form water: [1 mark] 

H+ (aq) + OH- (aq) → H2O (l) [1 mark] 

TOTAL = 16 

 

Exam-Style Questions 

1. C - Neutralisation [1 mark] 

 

2. a)  Ethanoic acid (The higher the pH the lower the H+ ion concentration) [1 mark] 

b) 100 times greater (REMEMBER: As the H+ ion concentration increases by a factor 

of 10, the pH decreases by a factor of one. There is a difference of 2 between the 

pH of malic acid and the pH of sulfuric acid, so the concentration of H+ ions has 

increased by 100) [1 mark] 

c) (Removal of water) increases the concentration of H+ ions in solution [1 mark] 

Therefore, the pH will decrease [1 mark]  

 

3. (strong because) completely ionised/dissociated (in aqueous solution) [1 mark] 

(dilute because) small amount of acid (particles) per unit volume/in a given volume 

[1 mark]  

 

4. Ethanoic acid contains a lower concentration of hydrogen ions/hydrochloric acid 

contains a higher concentration of hydrogen ions/ethanoic acid has a higher 

pH/hydrochloric acid has a lower pH [1 mark] 

So lower collision frequency with ethanoic acid/collisions occur less often/ less 

chance of a collision / fewer collisions per second [1 mark] 

(Allow alternative answer with reference to hydrochloric acid i.e.. higher collision 

frequency with hydrochloric acid)  

 

5. a) produces H+/hydrogen ions in aqueous solution [1 mark]    

(but is) only partially / slightly ionised/ dissociated [1 mark] 

(Notice this question is two marks so an additional comment is made about the 

production of hydrogen ions) 

b) indicator changes colour [1 mark] 

from blue to yellow (allow from blue to green) [1 mark] 

(when) the acid and alkali are (exactly) neutralised 

Or 



 

 

30 

 
 

(when) no excess of either acid or alkali [1 mark] 

 

6. H+ (aq) + OH- (aq) → H2O (l) [1 mark] 

TOTAL = 15 

  



 

 

31 

 
 

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 

Lesson summary: 

This second lesson is an overview of the reactions of acids with metal oxides, metal 

hydroxides, metal carbonates and metals. Students will learn how to predict the reactants 

and products of reactions of acids based on the formula of the salt formed as well as other 

products or reactants provided. Students will also learn how to construct balanced symbol 

equations of reactions of acids. 

 

Common misconceptions: 

• Not knowing how to name salts correctly 

• Forgetting that metal carbonates and acids also produce carbon dioxide as well as 

salt + water 

• Recalling products formed of the various reactions of acids 

• Balancing equations incorrectly 

 

Assessing students’ progress: 

LO1: Describing neutralisation as acid reacting with alkali or a base to form a salt plus water  

Students will meet LO1 if they can successfully answer summary questions 1- 7 and exam 

question 2 and 5. b) 

LO2: Knowing how to name salts and write word equations based on the reactants or 

products provided 

Students will meet LO2 if they can successfully answer summary question 2 and exam 

questions 3 and 5 

LO3: Writing balanced equations for the reactions of acids  

Students will meet LO3 if they can successfully answer summary questions 1aii) b ii), cii), d ii), 

3 and exam question 1. b), 2, 3 and 5. b) and 6  
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Tutorial Activity Answers: 

Starter Activity 

1. Magnesium sulfate + water 

2. H2SO4 (aq) + Mg(OH)2 (aq) → MgSO4  (aq)  + 2H2O (l)  

3. This is an example of a neutralisation reaction because an acid (sulfuric acid) reacts with 

an alkali (magnesium hydroxide) to form salt plus water  

 

Summary Questions  

1. a. i) Word equation:  Nickel + sulfuric acid → nickel sulfate + hydrogen [1 mark] 

 

    ii) Balanced symbol equation:  Ni + H2SO4 → NiSO4 + H2 [1 mark] 

 

 

b. i) Word equation: Copper + hydrochloric acid → copper chloride + hydrogen [1 mark] 

 

    ii) Balanced symbol equation:  Cu + 2HCl → CuCl2 + H2 [1 mark] 

 

 

c. i) word equation: Zinc + nitric acid → zinc nitrate + hydrogen [1 mark] 

 

    ii) Balanced symbol equation:  Zn + 2HNO3 → Zn(NO3)2 + H2 [1 mark] 

 

 

d. i) word equation: Beryllium + sulfuric acid → beryllium sulfate + hydrogen [1 mark] 

 

    ii) Balanced symbol equation:  Be + H2SO4 → BeSO4 + H2 [1 mark] 

 
 

2. a) copper oxide + nitric acid → copper nitrate + water [1 mark] 

b)  potassium oxide + hydrochloric acid → potassium chloride + water [1 mark] 

c) Zinc oxide + sulfuric acid → Zinc sulfate + water [1 mark] 

 

3. a) H2SO4   + Ca(OH)2→     CaSO4  +    2H2O [1 mark] 

b) H2SO4   + ZnCO3→     ZnSO4  +    H2O  + CO2 [1 mark] 

c)2H3PO4   +  6Na→     2Na3PO4  +   3H2 [1 mark] 

d) 2HNO3   +  CuO →     Cu(NO3)2  +   H2O [1 mark] 

 

TOTAL = 15 
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Exam-Style Questions 

1. a) Limewater/ calcium hydroxide solution [1 mark] 

  ‘goes’ cloudy/ white or milky [1 mark] 

b)   2 NaHCO3 + H2SO4 → Na2SO4 + 2 H2O + 2 CO2 [1 mark – correct formula; 1 mark 

for correct balancing] 

(Metal hydrogen carbonate is still an example of a metal carbonate. Metal 

carbonates react with acids to produce salt, water and carbon dioxide)  

 

2. Zn    +    H2SO4   →     ZnSO4 +    H2 [1 mark for formula of zinc sulfate; 1 mark for 

formula of hydrogen] 

 

3. CuO   +   H2SO4   →   CuSO4   + H2O [1 mark for formula of sulfuric acid on left 

hand side; 1 mark for formula of water on right hand side] 

 

4. Effervescence / bubbles / fizzing [1 mark] 

  Magnesium dissolves [1 mark] 

 

5. a)    Hydrochloric acid [1 mark] 

  b)  HCl (aq)+ NaOH (aq) → NaCl (aq) + H2O (l) [1 mark – correct formula; 1 

mark for correct state symbols] 

 

6. CaCO3   +  H2SO4   →   CaSO4   +  H2O  + CO2 [1 mark for formula of left hand side; 1 

mark for formula on right hand side] 

 

TOTAL = 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 

Lesson summary: 

This third lesson is a theoretical overview of the practical students are required to carry out 

on the preparation of a pure, dry sample of a soluble salt from an insoluble oxide or 

carbonate. This is a required practical for AQA, OCR and Edexcel. 

 

Common misconceptions: 

• Selecting the wrong reactants based on the salt to be synthesised (students must 

review how to name salts from tutorial 2.2) as well as the key reactions to synthesise 

a salt from an insoluble oxide or carbonate 

• Being unable to explain and provide reasons for each key synthesis step e.g., what is 

crystallisation and why is it carried out? 

• Being unable to recall all the key apparatus for each synthesis step (completing this 

practical in the lab will also help students to recall this information) 

 

Assessing students’ progress: 

LO1: Knowing the reactants and key apparatus required to prepare a pure, dry sample of a 

soluble salt from an insoluble oxide or carbonate 

Students will meet LO1 if they can successfully answer summary questions 1-2 and exam 

questions 1, 2 and 3 (for exam question 3 students should be successful at drawing a 

labelled diagram of the crystallisation step and should be successful at stating the 

apparatus used for each key synthesis step) 

LO2: Describing the method used to prepare a pure, dry sample of a soluble salt  

Students will meet LO2 if they can successfully answer summary question 3 and exam 

questions 3 (for exam question 3 students should be successful at describing the key 

synthesis steps) 
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LO3: Writing balanced equations for the reactions of acids  

To explain the experimental methods for the synthesis of a soluble salt and to evaluate 

proposed experimental methods 

Students will meet LO3 if they can successfully answer summary question 4 and exam 

questions 2 b and 2 c 

 

Tutorial Activity Answers: 

Starter Activity 

1. Sulfuric acid + copper oxide → copper sulfate + water  

Sulfuric acid + copper carbonate → copper sulfate + water + carbon dioxide  

2. H2SO4 (aq) + CuO (s) → CuSO4 (aq) + H2O (l) 

H2SO4 (aq) + CuCO3 (s) → CuSO4 (aq) + H2O (l) + CO2 (g) 

 

Summary Questions  

1. Copper oxide + hydrochloric acid → copper chloride + water [1 mark] 

 Copper carbonate+ hydrochloric acid → copper chloride + water + carbon dioxide 

[1 mark] 

                                                                                                               

2. CuO + 2HCl → CuCl2 + H2O [1 mark] 

CuCO3 + 2HCl → CuCl2 + CO2 + H2O [1 mark] 

 

3. Neutralisation 

 Filtration  

 Evaporation  

 Crystallisation  

[1 mark for each answer] 

 

4. Crystallisation involves dissolving the copper chloride solid in the minimum amount of 

hot water, then leaving it to cool and crystallise again [1 mark] 

TOTAL = 9 
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Exam-Style Questions 

1.  

Acid Base Salt 

 

Sulfuric acid 

 

Copper oxide Copper sulfate 

 

Nitric acid 

 

Sodium carbonate Sodium nitrate [1 mark] 

 

Hydrochloric acid [1 mark] 

 

Zinc oxide Zinc chloride 

 

Sulfuric acid 

 

 

Magnesium 

oxide/magnesium 

carbonate/magnesium 

hydroxide [1 mark] 

 

Magnesium sulfate 

 

 

2. a) Phosphoric acid [1 mark] 

Sodium oxide/sodium carbonate [1 mark] 

b) Sodium carbonate/sodium oxide [1 mark] 

It’s in the solid state [1 mark] 

so the excess can be easily separated from the reaction mixture by filtration/excess 

can be filtered out  [1 mark] 

c) To ensure that all the acid is used up/reacts [1 mark] 

 

3.  

• sulfuric acid in beaker (or similar) 

• add copper carbonate  

• until copper carbonate is in excess or until no more effervescence occurs  



 

 

37 

 
 

• filter using filter paper and funnel 

• filter excess copper carbonate 

• pour solution into evaporating basin/dish 

• heat using Bunsen burner/water bath 

• until a small amount of solution remains/ crystals start to form 

• leave to crystallise/leave for water to evaporate/boil off water 

• decant solution onto a watch glass 

• leave dry in air/oven/using filter paper 

• wear safety spectacles/goggles and use dilute acid 

 

Descriptor Marks 

No relevant content 0 

Simple statements are made which 

demonstrate some understanding of 

some of the relevant scientific techniques 

and procedures. The response may lack 

a logical structure and would not lead to 

the production of valid results. Diagram is 

included but is not labelled or labelled 

diagram doesn’t have a majority of the 

key apparatus required for crystallisation  

 

 

1-2 

The bulk of the method is described with 

mostly relevant detail, which 

demonstrates a reasonable 

understanding of the relevant scientific 

techniques and procedures. The method 

may not be in a completely logical 

sequence and may be missing some 

detail. Labelled diagram of the 

crystallisation step is included with most 

of key the apparatus required for 

crystallisation 

 

 

 

3-4  

A coherent method is described with 

relevant detail, and in correct sequence, 

which demonstrates a broad 

understanding of the relevant scientific 

techniques and procedures. The steps in 

the method are logically ordered. The 

method would lead to the production of 

valid results. Labelled diagram of the 

crystallisation step is included with all key 

apparatus required for crystallisation 

 

 

 

 

5-6 
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Example of labelled diagram for crystallisation  

 

 

 

 

 

 

 

 

 

 

TOTAL = 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-, CO3

2- 

Lesson summary: 

This lesson is a summary of all the tests for ions that students should remember. This is a 

required practical for OCRA and AQA 

 

Common misconceptions: 

AQA are specific in their specification they want the following flame tests colours 

Lithium, Li+ Crimson - AQA 

Copper, Cu2+ green - AQA 

Tests for some metal ions using hydroxide solutions are not required by all exam boards. 

Metal ion 

Copper, Cu2+ (All) 

Iron(II), Fe2+ (All) 

Iron(III), Fe3+ (All) 

Calcium, Ca2+ (All) 

Aluminium, Al3+ (AQA, Edexcel) 

Magnesium, Mg2+ (AQA) 

Zinc, Zn2+ (OCR A Gateway) 

For AQA, students should know: 

Ca2+ and Mg2+ ions can be distinguished from Al3+ as calcium hydroxide and magnesium 

hydroxide precipitates do not dissolve in excess NaOH but aluminium hydroxide does. 

Another test could be used to distinguish between the Ca2+ and Mg2+  ions, for example a 

flame test. 

 



 

 

40 

 
 

For OCR, students should know: 

Ca2+ can be distinguished from  Zn2+ as calcium hydroxide  do not dissolve in excess NaOH 

but zinc hydroxide does. 

 

For Edexcel, students should know: 

Ca2+ can be distinguished from  Mg2+ using a flame test. 

Ammonium ion testing is Edexcel only. 

 

Assessing students’ progress: 

LO1: Describing how to carry out a flame test and know the colours formed in flame test for 

these cations, Li+, Na+, K+, Ca2+, Ba2+ Cu2+. 

Students will meet LO1 if they can successfully answer summary questions 1a and exam 

question 3 

LO2: Describing test for these cations, copper (II), iron (II), iron (III), calcium, Ca2+, 

aluminium Al3+, magnesium, mg2+, zinc, Zn2+, using sodium hydroxide solution. 

Students will meet LO2 if they can successfully answer summary question 1b and exam 

questions 1-3 

Exam question 4 – for Edexcel only 

LO3: Describing test for these anions Cl-, Br-, I-, SO4 2-, CO3
2- 

To explain the experimental methods for the synthesis of a soluble salt and to evaluate 

proposed experimental methods 

Students will meet LO3 if they can successfully answer summary question 1c, d, e and exam 

questions 1 2, 3 

 

Tutorial Activity Answers: 

Starter Activity 

1. a) chlorine 

b) carbon dioxide 

c) hydrogen 

d) oxygen 

 

Summary Questions  

1. a) Dip a platinum wire into concentrated hydrochloric acid and then into solid 

lithium chloride, so that some salt sticks on the end. [1 mark] 
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Hold the wire and the salt to a non-luminous Bunsen burner flame and observe 

colour. [1 mark] 

Flame colour seen here would be red. [1 mark] 

 

b) Add a small amount of sodium hydroxide solution to a few cm3 of ammonium 

sulfate solution. [1 mark] 

Warm the resulting solution and test the gas being released using damp red litmus 

paper. [1 mark] 

The damp red litmus paper turns blue showing the release of ammonia gas. [1 mark] 

 

c) Add some dilute hydrochloric acid followed by some barium chloride solution to a 

solution of ammonium sulfate. [1 mark] 

A white precipitate of barium sulfate will form. [1 mark] 

 

d) Add some dilute hydrochloric acid to a small amount of solid calcium carbonate. 

[1 mark] 

Pass the gas produced into limewater. [1 mark] 

There will be fizzing and the gas will turn colourless limewater milky (white 

precipitate). [1 mark] 

 

e) Add dilute nitric acid to a solution of potassium iodide. [1 mark] 

Following this add a small amount of silver nitrate solution. [1 mark] 

A yellow precipitate of silver iodide will form. [1 mark] 
 

TOTAL = 14 

 

Exam-Style Questions  

1. a) A – iron (III) chloride [1 mark] 

     B – iron (III) hydroxide [1 mark] 

    C – silver chloride [1 mark] 

 

b)      FeCl3 (aq)  +    3NaOH (aq)   →    Fe(OH)3 (s)   +   3NaCl (aq) [1 mark correctly 

balanced and formulas, 1 mark state symbols] 

 

FeCl3 (aq)    +    3AgNO3 (aq)   →   3AgCl (s)   +   Fe(NO3)3 (aq) [1 mark correctly 

balanced and formulas, 1 mark state symbols] 

 

 

c)   Ag+ (aq)      +     Cl- (aq)   →   AgCl (s) [1 mark] 

 

2. a) D – iron (II) sulfate [1 mark] 

     E – iron (II) hydroxide [1 mark] 

     F – barium sulfate [1 mark] 

 

b) FeSO4  (aq)  +    2NaOH (aq) →    Fe(OH)2 (s)   +      Na2SO4 (aq) [1 mark correctly 

balanced and formulas, 1 mark state symbols] 

 

FeSO4 (aq)   +   BaCl2  (aq)  → FeCl2 (aq)   +   BaSO4  (s) [1 mark correctly 

balanced and formulas, 1 mark state symbols] 
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3. a) G – potassium carbonate [1 mark] 

     H – potassium nitrate [1 mark] 

     I – carbon dioxide [1 mark] 

 

b) K2CO3  (aq)  +    2HNO3  (aq)   →   2KNO3 (aq)  +   H2O (l)   +    CO2 (g) [1 mark 

correctly balanced and formulas, 1 mark state symbols] 
 

TOTAL = 20 

 

 

Bonus exam question: 
1. a) J – ammonium bromide [1 mark] 

     K – ammonia [1 mark] 

     L – silver bromide [1 mark] 

 

b) Ag+ (aq)     +     Br – (aq)   →   AgBr (s) [1 mark correctly balanced and formulas, 1 

mark state symbols] 

  

 

Knowledge Check: 

At the end of this tutorial you will guide pupils through a set of confidence and Knowledge 

Check questions. You will also complete a reflection exercise so that pupils can take time 

to think about what they found challenging and where they did well – you’ll find more 

details about this on the relevant tutorial slides. Answers for Knowledge Checks are found in 

the Appendices. 
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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 

 

 

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 

Knowledge Check:  

At the beginning of this tutorial you will guide pupils through a set of confidence and 

Knowledge Check questions – you’ll find more details about this on the relevant tutorial 

slides. Answers for Knowledge Checks are found in the Appendices. 
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Lesson summary: 

Lesson 1 is an introduction to students learning about the relationship between moles and 

the concentration of a solution. Students will learn to calculate the concentration of a 

solution by taking into account the moles of a solute and the mass of a solute. Students will 

also learn to apply mathematical skills such as ratios, using standard form and changing the 

subject of an equation to work out the volume of a solution or the mass a solute from a 

solution of known concentration. 

 

Common misconceptions: 

• Learners think that moles and mass are the same thing and therefore may calculate 

concentration of a solution in moldm-3 or gdm-3 using the same method (e.g. a 

student may incorrectly calculate the concentration of a solution in moldm-3  by 

dividing the mass of the solute by the volume rather than calculating the moles first) 

• Students often struggle to remember how to convert from moldm-3 to gdm-3 and 

vice versa. Students are encouraged to recall the equation for moles (mol = 

mass/Mr) to support them with this conversion  

 

Assessing students’ progress: 

LO1: 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  

Students will meet LO1 if they can successfully answer all summary and exam questions 

LO2: 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 

Students will meet LO2 if they can successfully answer summary questions 2 and exam 

question 4 

LO3:  Converting concentration in g dm–3 into mol dm–3 and vice versa 

Students will meet LO2 if they can successfully answer summary questions 2 and exam 

question 4 

 

Tutorial Activity Answers: 

Starter Activity 

1. A solution is when a solute is dissolved in a solvent   

A solute is the dissolve substance in a solution. A solute can be a solid, liquid or a gas 

A solvent is the liquid in which the solute dissolves to form a solution  
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Examples of solutions;  

• carbonated water (solute- carbon dioxide; solvent- water) 

• Salt water (solute-salt; solvent –water) 

 

2. A very concentrated solution contains a large number of moles of a solute in a given 

volume of solution   

 

Summary Questions  

1. In a 2.0 mol/dm3 solution, 2.0 mol of solute is dissolved in 1 dm3 of water 

In a 50 cm3 (0.050 dm3) solution:  

0.050 dm3 x 2.0 mol/dm3 = 0.1 moles of solute will dissolve in 0.050 dm3 of water [1 

mark] 

 

2. a) 0.400 moles of HCl in 2.00 litres of solution  

2.00 litres = 2000 cm3 = 2 dm3        

0.400/2 = 0.2 moldm-3 [1 mark] 

Mr of HCl = 1 + 35.5 = 36.5  

0.2 moldm-3  x 36.5 = 7.3 gdm-3  [1 mark] 

 

b)   12.5/5 = 2.5 moldm-3 [1 mark] 

Mr of H2SO4 = 2 + 32 + (16 x4) = 98 

2.5 moldm-3 x 98 = 245 gdm-3 [1 mark] 

 

c)  Mr of NaOH = 40  

500 cm3/1000 = 0.5 dm3 

1.05g/0.5 dm3 = 2.1gdm-3 [1 mark] 

2.1 gdm-3 /40 = 0.0525 moldm-3 [1 mark] 

 

3. a) volume = moles of solute / concentration  

                        = 5 x10-3 / 0.100  

                       = 0.05 dm3 [1 mark] 
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b) volume = moles of solute / concentration  

                   = 1.00 x10-5 / 0.0100  

                   = 1 x 10-3 dm3 [1 mark] 

TOTAL = 9 

 

Exam-Style Questions 

1. moles of solute = volume (dm3) x concentration  

                               = 25/1000 x 1.8 moldm-3  

                                              = 0.045 mol [1 mark] 

Mr K2CO3 = 138 [1 mark] 

mass = moles x Mr  

          = 0.045 x 138 

          = 6.21g [1 mark] 

 

2. Mr of NaOH = 40 [1 mark] 

Mole = mass/Mr 

          = 0.144 g/ 40 

          = 3.6 x10-3 mol  [1 mark] 

Volume = mole/ concentration  

               = 3.6 x10-3/ 0.18  

                = 0.020 dm3 [1 mark] 

                = 0.020 x 1000 

                 = 20 cm3 [1 mark] 

 

3. n(NaOH) = c x v  

                       = 0.100 x 25/1000 

                        = 2.5 x10-3 mol [1 mark] 

n(HCl) = c x v  

             = 0.0750 x 35/1000 
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              = 2.625 x10-3 mol [1 mark] 

HCl is in excess as there are a higher number of moles [1 mark] 

 

 

4. a) Mr of NaOH = 40 [1 mark] 

2.00 mol / 4.00 dm3 x 40 = 20 gdm-3 [1 mark] 

 

b) 200 cm3 /1000 = 0.2 dm3 [1 mark] 

Mr of HNO3 = 63 [1 mark] 

0.500 mol /0.2 dm-3 x 63 = 157.5 gdm-3 [1 mark] 

 

TOTAL = 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 

Required practical: 

 PAG C6 (OCR), Required practical 2 (AQA) 

Apparatus and techniques skills: 

 In doing this practical, students should cover these parts of the apparatus and techniques 

requirements.  

 Use of appropriate apparatus to make and record a range of measurements accurately, 

including volume of liquids.  

 The determination of concentrations of strong acids and strong alkalis, in mol/dm3 and g/dm3. 

(See Lesson 3) 

 It is important in this practical to: 

 take account of health and safety considerations 

Lesson summary: 

This lesson goes through the practical techniques for carrying out a titration this is one of the 

required practicals for OCR and AQA. 

 

Common misconceptions: 

Students might find taking a burette reading difficult.  

 

This is in the student handbook: 

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 

0.05cm3, therefore all readings should be written down as 2 decimal places. The second 

decimal place is given as ‘0’ if the level of the solution is on the (graduation) line and ‘5’ if it 

is between the (graduation) line.  
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This should be read as 30.30 some students might read it as 31.70. 

 

Assessing students’ progress: 

LO1: Describing how to carry out titrations using strong acids and strong alkalis to find the 

reacting volumes accurately 

Students will meet LO1 if they can successfully answer all summary and exam questions 2-9 

LO2: Identifying the hazards and suggesting precautions needed to reduce the risk of harm 

Students will meet LO2 if they can successfully answer exam question 1 

LO3:  Being able to read a burette 

Students will meet LO2 if they can successfully answer exam question 10 

 

Tutorial Activity Answers: 

Starter Activity 

Pipette, conical flask, indicator, burette, indicator changes colour 
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Summary Questions   

 

1.  

 

 

[1 mark for each correct label – total of 5] 

 

2. a) The burette and pipette are rinsed with the solution that goes in because if there 

is any water in the burette and or pipette this will cause the concentration of the 

solution to change (the solution will be diluted). [1 mark] 

 

b) If the jet of the burette is not filled when the burette tap is opened the initial few 

cm3 of liquid will go to fill the jet. Thus, the volume of acid/alkali recorded will be 

higher than the amount actually added. [1 mark] 

 

c) The flask is swirled to make the acid come in contact with the alkali so that they 

react. [1 mark] 

 

d) A trial titration helps to figure out where the end point roughly is. Thus, when the 

titration is repeated the student can add the first bit of liquid quite fast and add 

dropwise closer to the end point. [1 mark] 

 

 

e) Word: hydrochloric acid + sodium hydroxide → sodium chloride + water [1 mark] 
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Symbol: HCl (aq) + NaOH(aq) → NaCl(aq) + H2O(l) [1 mark for formulas, 1 mark for 

state symbols] 

Ionic: H+(aq) + OH–(aq) → H2O(l) [1 mark for formulas, 1 mark for state symbols] 

 

f) Sulfuric acid produces two moles of hydrogen ions per mole compared to one 

mole of hydrogen ions per mole for hydrochloric acid ✓ [1 mark] 

therefore sulfuric acid titres would be half those of hydrochloric acid ✓[1 mark] 

  

TOTAL = 16 

 

Exam-Style Questions  

1. Wear safety glasses/goggles as the alkali and acid are corrosive. [1 mark] 

 

2. He needs to ensure to fill the jet of the burette. [1 mark] 

 

3. The white tile provides contrast which will help the colour change to be seen more 

clearly. [1 mark] 

 

4. Universal indicator gives a gradual colour change, however, a suitable indicator is 

one that gives a sudden colour change. [1 mark] 

 

5. 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. [1 mark] 

 

6. pink [1 mark] to colourless [1 mark] 

 

7. Concordant results are values that are within +/- 0.20 of each other [1 mark] 

 

8. a) 27.20 – 1.90 = 25.30 cm3 [1 mark] 

b) The volume of acid used from titrations 2 and 3 are chosen to work out the 

average as the two volumes are within +/- 0.20 cm3 of each other [1 mark] 

Average volume of acid = (25.10 + 25.30)/2 = 25.20cm3 [1 mark] 
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9. A burette is more accurate than a measuring cylinder. [1 mark] 

 

10. Pipette adding 25cm3 – if measured from the top of the meniscus, slightly less than 

25cm3 of the solution (alkali) was added to the conical flask. [1 mark] 

Burette – the volume recorded will be slightly less than what was actually added. [1 

mark] 

 

TOTAL = 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 

Lesson summary: 

Session 3 follows on from the titration practical techniques students learnt in session 2. 

Students will apply the concentration equation they learnt in session 1 to work out the 

unknown concentration of reacting solutions involved in a titration as well as the unknown 

volume of a reacting solution. Students will also be challenged to consider the use of two 

equations involving moles in order to work out other related quantities such as the mass of 

a solute or the Mr  of a solute in solution  

 

Common misconceptions: 

• Students may find it difficult to know where to begin with these titration calculation 

equations as there a lot of values provided in the question. Students are therefore 

encouraged to start off each question by making a list of what they know and don’t 

know (there are usually two quantities provided for at least one reactant so the third 

quantity can be worked out using n = c x v) 

• Learners think that moles and mass are the same thing and therefore may calculate 

concentration of a solution in moldm-3 or gdm-3 incorrectly (e.g. a student may 

incorrectly calculate the concentration of a solution in moldm-3 by dividing the mass 

of the solute by the volume rather than calculating the moles first) 

• Students often struggle to rearrange equations to work out missing quantities. 

Students are encouraged to consider showing their working out step by step or 

make use of formula triangles instead if rearranging is challenging for them 
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• Students may struggle convert from moldm-3 to gdm-3 and vice versa. Students are 

encouraged to recall the equation for moles (mol = mass/Mr) to support them with 

this conversion  

 

Assessing students’ progress: 

LO1: Calculating the average titre from a titration experiment  

Students will meet LO1 if they can successfully answer summary questions 1 and 3 and 

exam question 3  

LO2: Calculating the concentration of a solution of known volume from a titration 

experiment 

Students will meet LO2 if they can successfully answer summary question 4 and exam 

question 1. a) and 3 

LO3:  Calculating the volume of a solution of known concentration from a titration 

experiment 

Students will meet LO3 if they can successfully answer summary questions 2 and exam 

question 1. b)  

LO4:  Calculating other unknown quantities from a titration experiment  

Students will meet LO4 if they can successfully answer exam question 2 

 

Tutorial Activity Answers: 

Starter Activity 

1. An acid-alkali titration is a quantitative practical procedure in which an acid and 

alkali react together in a particular known ratio. A titration experiment allows us to 

determine the concentration of an acid or alkali provided the concentration of the 

other solution is known and the volume of both solutions are measured.  

 

Summary Questions  

1. Titres that are within 0.10 cm3 of each other [1 mark] 

 

2. 2HCl + CaCO3 → CaCl2  + H2O + CO2 [1 mark] 

Mr (CaCO3) = 40 +12 + (16 x3)  

         = 100  
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mass (CaCO3) = 20.0 kg x1000 (Remember to convert mass to g) 

                          = 20000g [1 mark] 

n(CaCO3) = 20000 g/ 100  

                   = 200 mol  

Mole ratio of HCl: CaCO3 is 2:1. Therefore moles of HCl reacted is 

n (HCl) = 200 x 2 

             = 400 mol  

v = n/c  

   = 400 mol/ x 5.00 moldm-3 

    = 80 dm3 [1 mark]  

(2 marks for correct answer but no working) 

 

3. D 25.20 cm3 (Average taken of titrations 1 & 2 only as the volumes are within 0.10 

cm3 of each other) [1 mark] 

4.   

 NaOH H2SO4 

n ? ? 

c ? 0.200 mol dm-3 

v 25.0 cm3                       24.80 cm3 

n (H2SO4) = c x v 

                = 0.200 x 24.80/1000 

                 = 4.96 x 10-3 mol [1 mark] 

 

n (NaOH) = 2 x 4.96 x10-3 mol  

                  = 9.92 x10-3 mol [1 mark] 

 

c (NaOH) = n/v 

                  = 9.92 x10-3 / (25.0/1000) 

                  = 0.3968 moldm-3   or 0.397 moldm-3 [1 mark]  
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(2 marks for correct answer no workings) 

 

TOTAL = 8 

 

Exam-Style Questions 

1. a)  

 K2CO3 H2SO4 

n/mol ? ? 

c/mol dm-3 ? 2.00 

v/cm3 25.0 22.5 

 

n (H2SO4) = c x v 

                = 2.00 x 22.5/1000 

                 = 0.045 mol [1 mark] 

 

n (K2CO3) = 0.045 mol [1 mark] 

c (K2CO3) = n/v 

                  = 0.045 / (25.0/1000) 

                  = 1.80 moldm-3 [1 mark] 

 

b)  c (K2CO3) in moldm-3 = 234.6 gdm-3 / Mr of K2CO3 

                                           = 234.6/ 138 

                                           = 1.7 moldm-3 [1 mark] 

 K2CO3 H2SO4 

n/mol ? ? 

c/mol dm-3 1.7 2.00 

v/cm3 25.0 ? 
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n (K2CO3) = c x v  

                 =1.7 x 25/1000 

                 = 0.0425 mol [1 mark] 

 

n (H2SO4) = 0.0425 mol [1 mark] 

 

v (H2SO4) = n/ c 

                = 0.0425 / 2.00   

           = 0.02125dm3 x 1000  [1 mark for v in dm3] 

           = 21.3 cm3  [1 mark] 

 

2. n of (HCl) = c x v 

                 = 0.263 x 21.7/1000 

                 = 5.71 x10-3 mol [1 mark] 

mole ratio of M2CO3  to 2HCl is 1:2  

Therefore, the moles of M2CO3 is: 

n of (M2CO3) = 5.71 x10-3 mol /2  

                        = 2.86 x 10-3 mol [1 mark] 

 

Mr = mass/ mol 

     = 0.394/ 2.86 x10-3    

     = 138 [1 mark] 

Mr of CO3 = 12 + (16 x3) 60 

Mr of M = 138-60 

              = 78/2 [1 mark for Mr of 78 for M x 2 ] 

              = 39  [1 mark] 

 

Therefore M = K/K+/ potassium [1 mark] 
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3. Concordant tires chosen 2, 3, 4  [1 mark] 

            average titre = 25.20 (cm3 )    [1 mark -ecf for incorrect titres chosen from  

                                                              step 1 but correct average calculation has  

                                                               been completed]                                                                  

 

moles NaOH = 10.00/1000 × 0.150 = 1.5 x10-3 mol [1 mark] 

moles HNO3 = 1.5 x10-3 mol [1 mark- ecf for incorrect moles from step 3] 

 

concentration = n/v 

= 1.5 x10-3 /(25.20/1000) = 0.0595 mol/dm3 [1 mark – ecf for incorrect 

moles from step 4] 

 

TOTAL = 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 

Lesson summary: 

Lesson 4 is an application lesson about the use of indicators for titration experiments and 

understanding the shape of titration curves. Students will learn why universal indicator is not 

suitable for detecting the end point of a titration experiment and will be able to decide 

which single indicator is suitable for use in titration experiments based on the pH range an 

indicator and the pH of the end point of a titration reaction. Students will also understand 

the shape of a titration curve and will apply their understanding to questions requiring them 

to predict the shape of titration curves for various titration experiments.  

 

Common misconceptions: 

• Students think universal indicator is suitable for all pH monitoring experiments  

• Students may think all single indicators are suitable for any titration experiment as 

they all involve a single colour change 

 

Assessing students’ progress: 

LO1: Describing the use of single indicators for titration experiments and select suitable 

indicators for titration experiments  

Students will meet LO1 if they can successfully answer summary questions 1. c) and 2 and 

exam question 1. c), 2 and 3 

LO2: Understanding the shape of a titration curve 

Students will meet LO2 if they can successfully answer summary question 1. a) and 1. b) and 

exam question 1 and 3 

LO3:  Predicting the shape of titration curve  

Students will meet LO3 if they can successfully answer exam question 2. b)  
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Tutorial Activity Answers: 

Starter Activity 

1. Universal indicator is a mixture of different indicators that can change different colours 

depending on the H+ ion concentration/pH of the solution   

2. During a titration experiment you would want to you want to see a sudden single 

colour change to detect the end-point of the reaction. This wouldn’t be possible with 

the use of universal indicator  

 

Summary Questions  

1. a) The acid was original in the flask [1 mark] because the pH at the start of the 

reaction is below 7/is low/is at pH 1 [1 mark] 

b) 20 cm3 [1 mark] 

c)Red to orange (remember: methyl orange is red in acids; yellow in alkali; the end 

point colour is orange) [1 mark] 

d) You are able to observe a single colour change, which allows us to detect the 

end point of the reaction immediately. [1 mark] This prevents us from adding an 

excess of acid or alkali [1 mark] 

 

2. Phenolphthalein is a useful indicator when dealing with a weak acid and strong 

alkali as the colour change of this indicator will fall within the vertical section of the 

pH curve. [1 mark] 

 

Exam-Style Questions 

1. a) 25 cm3 [1 mark] 

 

b) Balanced Symbol equation: 

KOH + HCl → KCl + H2O [1 mark] 

 

moles of HCl = c x v  

                       = 0.250 moldm-3 x 25/1000 

                        = 6.25 x10-3 mol [1 mark] 

moles of KOH = 6.25 x10-3 mol [1 mark] 

Mr of KOH = 56 [1 mark] 
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mass = moles x Mr 

          = 6.25 x10-3 mol x 56 

          = 0.35 g [1 mark] 

 

c) Pink to colourless (remember: phenolphthalein is pink in alkali conditions and 

colourless in acid conditions) [1 mark] 

 

2. a) methyl orange / phenolphthalein/litmus [1 mark] 

the indicator changes from pink to colourless (for phenolphthalein) or yellow to 

orange(red if excess acid is added) (for methyl orange) or blue to red (for litmus) [1 

mark] 

 

b) Sketch a titration curve that will be expected based on the student’s 

recordings [1 mark for correct axis labels, 1 mark for curve starting at high pH, 1 

mark for curve ending at low pH, 1 mark for vertical section of curve at 35 cm3] 

 

 

3. (methyl orange) would have changed colour (well) before the end-point / pH7 / 

neutral [1 mark]  

weak acid present /weak acid-strong base (titration)/ methyl orange used for strong 

acid-weak base titration [1 mark] 

 

TOTAL = 15 
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Knowledge Check: 

At the end of this tutorial you will guide pupils through a set of confidence and Knowledge 

Check questions. You will also complete a reflection exercise so that pupils can take time 

to think about what they found challenging and where they did well – you’ll find more 

details about this on the relevant tutorial slides. Answers for Knowledge Checks are found in 

the Appendices. 
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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 

 

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 

Knowledge Check:  

At the beginning of this tutorial you will guide pupils through a set of confidence and 

Knowledge Check questions – you’ll find more details about this on the relevant tutorial 

slides. Answers for Knowledge Checks are found in the Appendices. 

 

Lesson summary: 

This first lesson introduces students to how they can arrange metals in order of reactivity 

based on their reactions with water, dilute acid and displacement reactions. 

 

Common misconceptions: 

• There are two definitions of oxidation and reduction. Which one should student use? 

Use whichever is simpler in the case they are asked about! Both definitions are true. 

With a little experience, students will find it obvious which one is needed to use in 

various cases. 
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• Students will find half equations hard. For oxidation of Zn (s) to Zn2+ they will try to 

write  

• Zn (s) - 2e- → Zn2+   instead of Zn (s) → Zn2+ + 2e- 

• Some exam boards allow this. It is best to teach them the correct way. 

 

Assessing students’ progress: 

LO1: Understanding how metals can be arranged in reactivity series based on their 

reactions with water and dilute acid 

Students will meet LO1 if they can successfully answer summary questions 1, 3, 4. b), c) and 

d) and exam question 2. a) and b) 

LO2: Understanding how metals can be arranged in a reactivity series based on their 

displacement reactions between metals and metal oxides 

Students will meet LO2 if they can successfully answer summary questions 2a-b, 4a and 

exam question 1. a), 2. a) and b) 

LO3:  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 

Students will meet LO3 if they can successfully answer summary questions 2c, d and exam 

question 1. b) and c) 

 

Tutorial Activity Answers: 

Starter Activity 

1. C (s) + 2 CuO (s) → CO2 (g) + Cu (s) 

 

2. Carbon is included in the reactivity series because it is important in extracting several 

metals (including iron) from metal oxides. 

If the metal is less reactive than carbon, than heating with carbon is a cheap way of 

removing oxygen from the oxide to leave the metal. 

 

Summary Questions   

1. Potassium, calcium, iron, copper [1 mark] 

 

2. a) Zinc is more reactive than copper so displaces it from its compound. [1 mark] 

b) displacement reaction [1 mark] 
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c) copper has been reduced as copper lost oxygen. [1 mark] 

d) copper (or copper oxide) is the oxidising agent as it gave/lost its oxygen to zinc. 

[1 mark] 

 

3. a) hydrogen [1 mark] 

b) zinc + hydrochloric acid → zinc chloride + hydrogen [1 mark] 

c) Zn (s)  +    2HCl  (aq)      →     ZnCl2  (aq)        +       H2  (g) [1 mark for correct 

formulas and balancing, 1 mark for state symbols] 

 

4. a)        2Na         +       ZnO         →  Na2O    +   Zn [1 mark] 

b)        Cu            +        H2SO4    →  no reaction [1 mark] 

c)        2Al           +       6HCl        →  2AlCl3        +   3H2 [1 mark] 

d)        2Li            +        2H2O        →  2LiOH      +   H2  [1 mark] 

 

TOTAL = 13 

 

Exam-Style Questions  

1. a) Zinc is higher in the reactivity series as zinc displaced cobalt from its compound [2 

marks] 

b) Zinc took away the oxygen from cobalt thus reducing cobalt and itself bonded to 

the oxygen (itself became oxidised). [1 mark] 

c) Zinc has become oxidised in the reaction as zinc gained oxygen. [2 marks] 

2. a) X is above H and Cu in the reactivity series, however, below Fe [2 marks] 

b) i) A reaction happens. X oxide and silver are made [1 mark] 

    ii)  No reaction [1 mark] 

   iii) X sulfate and hydrogen are made [1 mark] 

 

TOTAL = 10 
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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. 

Required Practical: 

 PAG C2 (OCR), Required practical 3 (AQA) 

Lesson summary: 

This second lesson introduces students to electrolysis. Molten Ionic compounds can 

decompose during the conduction of electricity 

 

Common misconceptions: 

• A common misconception is that ionic solutions conduct because of the movement 

of electrons.  

• Another common misconception is that ionic solids do not conduct electricity 

because electrons cannot move.  

• Students will find balancing half equations difficult, teach students to balance the 

number of atoms in the equations and then charges. 

• Many pupils will still not think of an ionic compound as being composed of two 

(essentially independent) ions, i.e. will not instinctively think of copper in CuSO4 is 

different to elemental Cu.  

 

Assessing students’ progress: 

LO1: Describing the process of electrolysis using key terms. 

Students will meet LO1 if they can successfully answer summary questions 1 

LO2: Describing experiments to investigate electrolysis, using inert electrodes of molten 

compounds and to predict their products. 

Students will meet LO2 if they can successfully answer part of summary questions 3 and 

exam question 1  

LO3:  Describing the reactions at the electrodes using half equations. 

Students will meet LO3 if they can successfully answer summary questions 2-3 and exam 

question 2  
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Tutorial Activity Answers: 

Stater Activity 

Ionic compounds can conduct electricity when molten or in solution because the ions are 

free to move and carry charge. Covalent compounds cannot conduct electricity because 

there are no mobile charge carriers. 

 

Summary Questions  

1. a) Electrolyte – is an ionic compound that is broken down using electricity. [1 mark] 

The ionic compound needs to be in either aqueous or molten state so that there are 

ions which are free to move and carry charge. [1 mark]   

b) Anode – positive electrode [1 mark]   

c) Cation – positively charged ion [1 mark]   

d) Oxidation – loss of electrons [1 mark]   

e) Reduction – gain of electrons [1 mark]   

 

2. a) Mg2+    +    2e-   →   Mg [1 mark]   

b) Al3+       +    3e-   →   Al [1 mark]   

c) 2O2-                   →   O2      +     4e- [1 mark]   

d) 2Cl-                              →   Cl2 +    2e- [1 mark]   

e) Ni2+     +    2e-   →   Ni [1 mark]   

 

3. Complete the following table for the electrolysis of 3 molten ionic compounds. 

Substance 

 

Formula  Negative electrode Positive electrode 

 Equation Product  Equation Product 

magnesium 

oxide 

MgO  Mg2+ +2e- → Mg 

 

 Mg  2O2- → O2 + 4e- 

 

 O2 

aluminium  

fluoride 

 

AlF3  Al3+ + 3e- → Al  Al  2F-  → F2 + 2e- F2 
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copper (II) 

bromide 

CuBr2 Cu2+ + 2e- → Cu Cu  2Br- → Br2 +  2e- 

 

Br2 

[1 mark for each correct box filled in, 15 total] 

 

TOTAL = 26 

 

Exam-Style Questions 

1. a) Molten lead (II) iodide:  

Cathode – lead/Pb 

Anode – iodine/I2 

 

b) Molten zinc chloride: 

Cathode – zinc/Zn 

Anode – chlorine/Cl2 

 

c) Molten copper (II) chloride 

Cathode – copper/Cu 

Anode – chlorine/Cl2 

 

d) Molten lithium oxide 

Cathode – lithium/Li 

Anode – oxygen/O2 

[1 mark each for both anode and cathode products] 

 

2. a) In solid state potassium iodide doesn’t conduct electricity as there are no ions 

that are free to move (the ions are held in fixed positions in the lattice). Once molten 

ions are free to move and the circuit was complete. [1 mark]   

b) anode [1 mark]   

c) Iodine gas. [1 mark], 2I- → I2 +  2e- [1 mark]   

d) K+ + e-   → K [2 marks]   
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e) Molten sodium bromide: 

Cathode – sodium/Na 

Anode - bromine/Br2 [1 mark]   

f) Cathode:  Na+ + e-   → Na [1 mark]   

Anode: 2Br- → Br2 +  2e- [1 mark]   

 

TOTAL = 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. 

Lesson summary: 

This third lesson continues with electrolysis. Aqueous solutions can decompose during the 

conduction of electricity. 

 

Common misconceptions: 

• Students “forget” aqueous means water, which means H+ and OH- ions are present.  

• Teach students to list all the ions present and “cross out” the ions that are attracted 

to the electrodes (least reactive) and the remaining ions are left in the solution. 

 

Assessing students’ progress: 

LO1: Describing experiments to investigate electrolysis, using inert electrodes of aqueous 

solutions and to predict their products 

Students will meet LO1 if they can successfully answer summary questions 1. a), b), f), 2 and 

exam questions 1. a), d), 2. a) 

LO2: Describing the reactions at the electrodes using half equations and gas tests for 

hydrogen, oxygen and chlorine. 

Students will meet LO2 if they can successfully answer summary questions 1. c), d), e), g), 2 

and exam question 1. b), c),  2. b), 2. c) 

 

Tutorial Activity Answers: 

Starter Activity 

1. An aqueous solution means something dissolved in water. 

2. Anode and anions are attracted to it. 

3. Cathode and cations are attracted to it. 
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Summary Questions  

1. a) Na+,  Cl-,  OH-,  H+  [1 mark for OH- and H+, 1 mark for Na+ and Cl-] 

b) Cathode: Na+ and H+ [1 mark] 

c) hydrogen  [1 mark], 2H+  +   2e-  →  H2   [1 mark] 

d) chlorine [1 mark], 2Cl-     → Cl2   +  2e-  [1 mark] 

e) Hold a lit splint to the gas and if the flame extinguishes with a squeaky pop that 

means it is hydrogen gas. [1 mark] 

f) oxygen [1 mark], 4OH-   → O2   +  2H2O  +  4e-  [1 mark] 

g) hold a glowing splint to the gas and if it relights that means the gas is oxygen. [1 

mark] 

 

2.  

Substance  

  

Formula   Negative electrode  Positive electrode  

 Equation  Product   Equation  Product  

Potassium sulfate 

(aq)  

 K2SO4   2H+  +   2e- →  H2   H2   4OH-   →  O2   +  2H2O  +  4e-   O2 

Silver nitrate 

(aq)  

  

 AgNO3   Ag+   +  e-   → Ag   Ag   4OH-   →  O2   +  2H2O  +  4e-    O2 

Aluminium oxide 

(l)  

  

 Al2O3  Al3+ +  3e-   → Al  Al  2O2-  → O2   +  4e-    O2 

Magnesium 

chloride (aq)  

 MgCl2  2H+  +   2e- →  H2  H2  2Cl-  → Cl2   +  2e-   Cl2 

[1 mark for each box, 20 in total] 

 

Exam-Style Questions  

1. a) In solid sodium chloride, the ions are held in fixed positions in the lattice and are 

not free to move. Therefore, solid sodium chloride does not conduct electricity. [2 

marks] 
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b) Sodium would be formed at the negative electrode as sodium ion is positively 

charged so will be attracted to the negative electrode. [2 marks] 

Na+ + e-   → Na [1 mark] 

c) chlorine. [1 mark] He could use damp blue litmus paper which turns red first and 

then becomes bleached white. [1 mark] 

d) sodium cations will be attracted to the negative electrode. [1 mark] 

Sodium ions gain electrons to form sodium, this is reduction. [1 mark] 

Chloride anions will be attracted to the positive electrode. [1 mark] 

Chloride ions lose electrons to form chlorine, this is oxidation. [1 mark] 

 

2. a) 

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

electrode  

Positive electrode  Negative electrode  

1.  Silver nitrate  

  

oxygen/ O2 Silver/Ag 

2.  Copper (II) sulfate  

  

oxygen/ O2 Copper/Cu 

3.  Lithium bromide  

  

Bromine/ Br2 hydrogen/ H2 

4.  Sulfuric acid   oxygen/ O2 

 

hydrogen/ H2 

 

 

      [1 mark for each correct row] 

b) 4OH-   →  O2   +  2H2O  +  4e- [2 marks] 

c) 2H+ +   2e- →  H2  [2 marks] 

    

TOTAL = 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.  

Lesson summary: 

This fourth lesson looks at the practical applications of electrolysis in industry and the use of 

non-inert electrodes (OCR A) 

 

Common misconceptions: 

•  During the electrolysis of aluminium, aluminium oxide is heated to a very high 

temperature. Oxygen ions lose electrons at the anode and form oxygen molecules 

which react with carbon electrodes to form carbon dioxide.  

• C + O2 → CO2 

• Cryolite is an inorganic compound Na3AlF6 

 

Assessing students’ progress: 

LO1: Describing the extraction of aluminium by electrolysis (AQA, Edexcel, OCR B) 

Students will meet LO1 if they can successfully answer summary questions 1-3 and exam 

question 1 

LO2: 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. (OCR A, 

Edexcel) 

Students will meet LO2 if they can successfully answer summary questions 4 

 

Tutorial Activity Answers: 

Starter Activity 

1. An ore is a rock that contains enough metal to make extraction worthwhile 

2. Pyrite FeS2, magnetite, Fe3O4, bauxite, Al2H2O4, haematite, Fe2O3 
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Summary Questions 

1. An ore is a rock that contains enough metal to make extraction worthwhile [1 mark] 

 

2. Reduction using carbon/carbon monoxide – this method is used to extract metals 

below carbon in the reactivity series as here carbon can displace the metal from its 

compound. [1 mark] 

Electrolysis – this method is used for metals above carbon as carbon can’t displace 

them. [1 mark] 

 

3. anode:  2O2-  → O2   +  4e- [1 mark] 

cathode:  Al3+ +  3e-   → Al [1 mark] 

 

4. a) copper ions attracted to the cathode gained electrons at the cathode to form 

copper atoms. Copper solid was deposited on the electrode causing the mass to go 

up. [1 mark] 

Cu2+ +  2e-   → Cu [1 mark] 

 

b) copper atoms at the anode lost electrons to form copper ions. The copper ions 

entered the solution. As copper atoms were being lost, the mass of the electrode 

went down. [1 mark] 

Cu   →  Cu2+   +  2e-   [1 mark] 

 

c) The amount of copper ions entering the solution at the anode is the same amount 

of copper ions removed from the solution at the cathode. [1 mark] No extra copper 

ions are removed from the copper sulfate solution. The concentration of copper ions 

in solution stays constant so colour does not change. [1 mark] 

 

d) The solid is impurities that were part of anode (impure copper) [1 mark] 

 

e) cathode:  Cu2+ +  2e-   → Cu [1 mark] 

Anode: Cu   →  Cu2+   +  2e-   [1 mark] 

 

TOTAL = 14 
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Exam-Style Questions  

1. a) i) electrolysis [1 mark] 

    ii) carbon/graphite. [1 mark] Graphite conducts electricity. [1 mark] 

   iii) negative [1 mark] 

   iv) cryolite [1 mark]  

solvent (for alumina) OR To lower operating temperature/to     lower melting 

point of mixture/electrolyte [1 mark] 

  v) aluminium is collected at electrode H [1 mark] 

The melting point of aluminium is below the temperature of the set up so 

aluminium melts. [1 mark] 

 

b) i) oxygen/O2 [1 mark] 

    ii) decreases capacity of blood to carry oxygen [1 mark] 

 

c) cathode: Al3+ +  3e-   → Al [1 mark] 

anode: 2O2-  → O2   +  4e- [1 mark] 

 

d) cost of electricity [1 mark] 

 

TOTAL = 13 

 

Knowledge Check: 

At the end of this tutorial you will guide pupils through a set of confidence and Knowledge 

Check questions. You will also complete a reflection exercise so that pupils can take time 

to think about what they found challenging and where they did well – you’ll find more 

details about this on the relevant tutorial slides. Answers for Knowledge Checks are found in 

the Appendices. 
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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 

 

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.  

Knowledge Check:  

 At the beginning of this tutorial you will guide pupils through a set of confidence and 

Knowledge Check questions – you’ll find more details about this on the relevant tutorial 

slides. Answers for Knowledge Checks are found in the Appendices. 

 

Lesson summary: 

This is one lesson on endothermic and exothermic reactions. It assumes students know these 

terms and guides the students from how we determine whether a reaction is exothermic or 

endothermic to calculating the over energy change of a reaction using bond enthalpies.  

 

Common misconceptions: 

Students forget that reactions are reversible and that if the forward reaction is exothermic 

the backward reaction is endothermic. 

They also may think for example that a candle burning is endothermic because heat is 

needed to initiate the reaction.  
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Students commonly have the idea that energy is lost or used up. They do not grasp the 

idea that energy is transferred. 

When calculating energy change for an overall reaction using bond enthalpies. Students 

forget breaking bonds are exothermic that energy is released when bonds break and do 

not link this release of energy with the formation of bonds.  

Students may try to assign breaking bonds as negative when calculating. If that is what 

they are used to change the equation to  

 

Overall energy change: 

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

 

Assessing students’ progress: 

LO1: Describing experiments that investigate the variables that affect the temperature 

changes in chemical reactions 

Students will meet LO1 if they can successfully answer summary question 1 

LO2: Drawing and explaining reaction profile diagrams to represent endothermic and 

exothermic reactions 

Students will meet LO2 if they can successfully answer summary questions 2 and exam 

question 1 

LO3: Calculating energy changes in a chemical reaction using bond energies 

Students will meet LO3 if they can successfully answer summary questions 2-3 and exam 

question 2 

 

Tutorial Activity Answers: 

Starter Activity 

1. In exothermic reactions, heat energy is given out to the surroundings so the 

temperature of the surroundings increases 

2. In endothermic reactions, heat energy is absorbed from the surroundings so the 

temperature of the surroundings decreases. 
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Summary Questions 

1. a) 

  

[1 mark for each correctly labelled piece of apparatus, 6 total] 

b) 

1. Place a polystyrene cup in a glass beaker to make it more stable 

2. Using a measuring cylinder, transfer 25 cm3 of 0.200 mol/dm3 sulfuric acid into 

the polystyrene cup . 

3. Measure and record the temperature of the solution. 

4. Add the magnesium ribbon and stir the solution as quickly as possible 

5. Measure and record the highest temperature reached by the mixture.  

[1 mark for each step] 

 

2. a) C-H x 4   +    O=O x 2 = 2640 [1 mark] 

b) C=O x 2   +   O-H x 4  = 3338 [1 mark] 

c) 2640 – 3338 = -698 KJ/mol [1 mark] 

 

3. a) activation energy = A [1 mark] 

energy released = B [1 mark] 

b) bond breaking is an endothermic process. [1 mark] Bond making is an exothermic 

process. [1 mark] 

More energy is released when bonds are made than energy taken in when bonds 

are broken. [1 mark] 

TOTAL = 19 
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Exam-Style Questions  

1. a) i) The solid in the conical flask is manganese (IV) oxide and the liquid in the funnel 

is hydrogen peroxide [1 mark]  

    ii) bung [1 mark] 

   iii) Oxygen gas will escape through the gaps if there is no bung. [1 mark] 

 

b) 2H2O2 → 2H2O   + O2 [1 mark] 

 

c) i) From the hydrogen peroxide line to the peak of the curve = activation energy [1 

mark] 

    ii) From the hydrogen peroxide line to the products (water + oxygen) = energy                                                                                                                                                                        

change. The arrow is a downwards arrow. [1 mark] 

 

2. a) Energy is taken in to break bonds so it is an endothermic process. [1 mark] 

 

b. i) C-H x 8  +   C-C x 2   +  5 x O=O  = 6472 [1 mark] 

C=O x 6   + 463 x 8 = 4458 = 8162 [1 mark] 

Molar energy change = 6472 – 8162 = -1690 KJ/mol [2 marks] 

    ii) The molar energy change in b(i) above has a negative sign. [1 mark] 

Bond breaking is endothermic and bond making is exothermic. [1 mark] More   

energy was released than taken in during the combustion of propane. [1 

mark] 

 

TOTAL = 14  
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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 

Required Practical: 

 PAG C8 (OCR), Required practical 5 (AQA) 

Lesson summary: 

This lesson looks at the practical techniques used to measure the rate of reaction. The 

experiments either measure volume of gas produced or mass loss of product. The results are 

plotted against time.  

You can measure how fast a reaction is going at any time point by finding the slope 

(gradient) of the line at that point. 

 

Common misconceptions: 

Students often misinterpret rate graphs, student should use “gradient = rise over run” to help 

them remember how to calculate the gradient. 

 

Assessing students’ progress: 

LO1: Suggesting practical methods for determining the rate of a given reaction  

Students will meet LO1 if they can answer exam question 3. a), b) and g) 

LO2: Interpreting rate of reaction graphs  

Students will meet LO2 if they can answer summary question 1, 2. a), e) and exam 

question1, 2, 3. e) 

LO3: Calculating the gradient of tangents 

Students will meet LO3 if they can answer summary question 2. b), c) and d). 
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Tutorial Activity Answers: 

Starter Activity 

The rate of a reaction is the speed at which the amount of reactant decreases or the 

amount of products increases. It is measured as a change in the concentration (or 

amount) of reactants or products per unit time (per second). 

rate of reaction= 
change in concentration, volume or mass

time
 

 

Summary Questions 

1. faster  

faster  

flat(plateau) 

tangent 

gradient  

[1 mark for each word] 

 

 

First arrow from the bottom is ‘fast’ [1 mark] 

Second arrow from the bottom is ‘slow’ [1 mark] 

Arrow on the top is ‘stopped’ [1 mark] 
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b) Draw a tangent to only meet the graph at t=10 seconds [1 mark] 

Draw a triangle for your tangent. 

Gradient = difference in y/difference in x [1 mark] 

 

c) Draw a tangent to only meet the graph at t=30 seconds [1 mark] 

Draw a triangle for your tangent. 

Gradient = difference in y/difference in x [1 mark] 

 

d) The rate is a smaller number at 30 seconds compared to 10 seconds. [1 mark] This 

is because the reaction is slowing down as there are less reactant particles which 

means less frequent collisions. [1 mark] 

 

e) line A – steeper curve, the line plateaus (becomes flat) quicker at 48cm3 [1 mark] 

line B – less steep curve than the original, the line takes longer to plateau, however, 

plateaus at 48cm3 [1 mark] 

 

TOTAL = 16 

 

Exam-Style Questions  

1. a) accurate plotting of points (  [2 marks for all points, 1 mark for 3 or 

4 points]  

sensible smooth curve       [1 mark]                                                                           

reasonable attempt, do not accept double lines or dot to dot  

  

b)  accurately read from their graph to  square [1 mark] 

  

c) (as temperature increases) rate increases [1 mark] 

accept speeds up, gets faster, gets quicker 

accept higher speed  

do not accept gets bigger / higher unqualified  

do not accept answers about time on its own  
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d) concentration (of solutions) or volume (of solutions) [1 mark] 

accept ‘how much of’  

accept references to intensity of colour  

accept same endpoint  

accept rate of stirring / shaking  

do not accept reference to solids or catalysts etc  

ignore containers  

do not accept pH  

  

  

2. a) Volume of gas [1 mark]  

 

b) e.g., volume of acid/magnesium; temperature of acid [1 mark] 

 

c) Suggestion linked to b) e.g., use same volume of acid for each concentration 

of acid. [1 mark] 

 

d) Suitable scales for axes chosen and both labelled. [1 mark] 

Correct plotting of points for both concentrations (+/– half small square). [2 marks] 

Smooth lines drawn through all points on each curve (no daylight 

 

e) i) Doubles the rate/goes twice as fast. [1 mark] 

ii)Slope/gradient of line for concentration 2 mol per dm3 is twice as steep as   

slope/gradient of other line. [2 marks]  

Accept slope/gradient is steeper for 1 mark.  

Accept reaction with concentration 2 mol per dm3 stopped after 4–5 minutes, 

other reaction after 9 minutes for 1 mark.  

Accept after one minute reaction with concentration 2 mol per dm3 produced 15 

cm3 of gas, other reaction 30 cm3 or similar comparison for 1 mark.  

 

f) All of the magnesium was used up in both reactions [1 mark] 

because there was excess hydrochloric acid. [1 mark] 

 

g) Side arm test tube or conical flask containing reactants. [1 mark] 

Gas syringe or inverted measuring cylinder/burette full of water in trough of water. [1 

mark] 

Sealed system with bung and delivery tube correctly connected. [1 mark] 

 

TOTAL = 21 

 

Bonus exam question:  
1. a) A [1 mark] 

b) C [1 mark] 

c)Begins rapidly/high rate at start. [1 mark] 

Rate decreases with time/gets slower. [1 mark] 

Until it stops/stops after 3 minutes. [1 mark] 
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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  

Lesson summary: 

This lesson is about collision theory. In order for reactions to occur, particles must collide, 

and they have to collide with enough energy. The particles have to collide with a minimum 

amount of energy that is greater or equal to the activation energy. These collisions are 

called successful collision.  

To increase the rate of reaction, frequency of successful collisions needs to increase. 

 

Common misconceptions: 

Students think that catalysts take part in reactions and run out/get used up.  

You can illustrate how a catalyst works with a simple everyday example. Imagine you can 

have a mountain between two valleys. Only a few very energetic people will climb over 

the mountain from one valley to the next. Now imagine building a road tunnel through the 

mountain. Lots of people will be able to travel easily from one value to the next.  

Be careful how you phrase the statement explaining how a catalyst works. You should say 

catalyst provides ‘an alternative route with a lower activation energy’ . They do not ‘lower 

the activation energy’ any more than building a tunnel low as the mountain. the original 

route is still there, and if particles collide with enough energy they still use it. 

 

Students may find writing down the explanations why the changes in temperature, 

concentration, pressure in terms of frequency and energy of collision between particles a 

bit difficult. 

Give student a structure, first sentence always changes depending on the factor. The last 

two do not. 

Example: 

1. Increasing concentration (means) more particles in a given volume (closer together) 

2. More frequency of successful collision and sufficient energy greater or equal to the 

activation energy 
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3. (leads to ) rate of reaction increases 

Surface area: Increasing surface area exposes more of its surface of the solid to the 

reagent is reacting with. 

Temperature: Increasing temperature means more particles will have more kinetic energy 

and will move faster.  

 

Assessing students’ progress: 

LO 1: describing the effect of changes in temperature, concentration, pressure, and surface 

area of a solid on rate of reaction  

LO 2: explaining the effects on rates of reaction of changes in temperature, concentration, 

pressure and in terms of frequency and energy of collision between particles  

Students will meet LO1 and LO2 if they can successfully answer summary question 1 – 2 and 

exam question 1. e), 2 

LO 3: describing the characteristics of catalysts and their effect on rates of reaction and 

explain catalytic action in terms of activation energy. 

Students will meet LO1 and LO2 if they can successfully answer summary question 3 and 

exam question 1. a), b), c) and d) 

 

Tutorial Activity Answers: 

Starter Activity 

1. Temperature, Concentration/pressures (in gases), Surface area, Catalyst  

 

2. Particles have to collide in order to react and they have to collide with enough 

energy. The more collisions between particles in a given time, the faster the reaction. 

 

Summary Questions 

1. a) Experiment B – 1 [1 mark] 

Experiment C – 3 [1 mark] 

Experiment A – 2 [1 mark] 

 

b) i) there is less reactant particles in the same volume as they are being used up 

(concentration of reactant decreases) [1 mark] 
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:. less frequent collisions leading to the reaction slowing down. [1 mark] 

 

ii) one of the reactants has got completely used up. [1 mark] 

 

c) the line should be slightly steeper than 1, however, plateaus at the same volume 

of gas as 2. Plateaus sooner than 2 (before 80 seconds). [1 mark] 

d) 

 

[1 mark for each label, 3 in total] 

 

2. a) powder [1 mark] 

b) Powdered antacid has more surface area. [1 mark] 

Thus, more of the antacid is exposed to the acid leading to more frequent collisions 

so the rate increases. [1 mark] 

 

3. a) MnO2 acts as a catalyst for the reaction. It speeds up the reaction by providing 

an alternative route with lower activation energy. [1 mark] 

Thus, in the absence of MnO2 the reaction is extremely slow. [1 mark] 

 

b) A catalyst is chemically unchanged/not used up in a reaction thus can be 

recovered at the end of the experiment. [1 mark] 

 

c) The MnO2 has become poisoned. [1 mark] The surface of the catalyst may have 

formed irreversible bonds with another substance which then means the catalyst is 

not able to bond with the reactant. [1 mark] 

 

TOTAL = 18 
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Exam-Style Questions 

1. a) A catalyst is a substance that speeds up a reaction without being used up. [2 

marks] 

b) vigorous fizzing/more bubbles [1 mark] 

c) weigh the manganese (IV) oxide solid before starting the reaction and weigh the 

solid again after the completion of the reaction. The mass will not have changed.  

OR  

Do the experiment without manganese (IV) oxide and time how long it takes to 

collect a certain volume of gas e.g. 20cm3.  

Repeat the experiment with the manganese (IV) oxide. The time taken to collect the 

same volume of gas with the manganese (IV) oxide will be less. [2 marks] 

 

d) A catalyst provides an alternative route for the reaction with lower activation 

energy. 

This means that more particles will have energy above the activation energy which 

will lead to more successful collisions. [2 marks] 

 

e) when the temperature is increased from 10-20C, the rate of reaction increases.  

This is because at a higher temperature, the particles have more kinetic energy so 

there will be more frequent collisions [1 mark] 

There will also be more particles with energy above the activation energy leading to 

an increase in the frequency of successful collisions [2 marks] 

Inverse explanation is fine here too.  

 

2. a) E [1 mark] 

b) i) A and C [1 mark] 

ii) when the concentration is halved from A to C, time taken for the cross to 

disappear doubles. [2 marks] 

 

c) i) A and B [1 mark] 

ii) when the concentration of hydrochloric acid is doubled from A to B, time taken 

for cross to disappear halves. [2 marks] 
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d) i) B, D and E [1 mark] 

ii) When the temperature increases from B to D to E, time taken for cross to 

disappear decreases. [2 marks]  

 

e) so that the total of the mixture was the same as the others 60cm3. [1 mark] 

 

TOTAL = 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 

Lesson summary: 

In this lesson students are introduced to dynamic equilibrium. They should know reactions 

are reversible. 

When a reversible reaction occurs in apparatus which prevents the escape of reactants 

and products, equilibrium is reached when the forward and reverse reactions occur at 

exactly the same rate. 

 

Common misconceptions: 

Students often do not recognise that when a dynamic equilibrium is set up in a reaction the 

concentration of the reactants and products remain constant. They think that the 

concentrations of all substances are equal.  

Students also sometimes perceive a dynamic equilibrium as two reactions.  

 

Assessing students’ progress: 

LO 1: Explaining what is meant by dynamic equilibrium  

Students will meet LO1 if they can successfully answer summary questions 3. A) and exam 

question 3. b) i) 

LO 2: Explaining how to predict the effect of changing conditions on the position of 

equilibrium: Pressure, concentration and temperature. 

Students will meet LO2 if they can successfully answer summary questions 1, 2, 3. b), c) and 

d) and exam question 1, 2, 3. a) and b) ii). 

 

Tutorial Activity Answers: 

Starter Activity 

1. the reaction is reversible 

2. NH4Cl (s) → NH3 (g) + HCl (g) 

3. NH3 (g) + HCl (g)→ NH4Cl (s) 

 



 

 

90 

 
 

Summary Questions 

1.  

[6 marks] 

 

2. a) yield of hydrogen increases. [1 mark] 

When the temperature is increased the equilibrium position moves to the right which 

is the endothermic reaction to remove the added heat. [1 mark] 

 

b) yield of hydrogen increases. [1 mark] 

When the pressure is lowered the equilibrium position moves to the right hand side 

which is the side with more moles/molecules. [1 mark] 

 

c) yield of hydrogen increases. [1 mark] 

When more methane is added the equilibrium position moves to the right hand side 

to use up added methane. [1 mark] 

 

3. a) i) a system where nothing can enter or leave (not open to the outside). [1 mark] 

ii) the rate of the forward reaction is equal to the rate of the backward reaction. [1 

mark] 

iii) the concentration/amount of reactants and products remains constant. [1 mark] 

 

b) i) yield of sulfur trioxide will increase. [1 mark] 

ii) when temperature is decreased the equilibrium position will move to the right [1 

mark] which is the exothermic reaction to oppose the decrease in temperature. [1 

mark] 

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    x x   

2 P(g) ⇌ 2 C(g) + D(g) Endothermic  x     x 

P(g) + Q(g) ⇌ 2 X(g) Endothermic  x    x  
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c) i) the yield of sulfur trioxide will increase [1 mark] 

ii) equilibrium position will move to the right hand side [1 mark] the side with fewer 

moles/molecules when the pressure is increased. [1 mark] 

 

d) i) a catalyst speeds up a reaction without being used up/chemically unchanged. 

[1 mark] 

ii) a catalyst provides an alternative route for the reaction with lower activation 

energy. [1 mark] 

iii) no effect on the yield of sulfur trioxide. [1 mark] 

A catalyst speeds up both the forward and backward reactions by the same factor 

(does not favour an equilibrium side). [1 mark] 

 

TOTAL = 25 

 

 

Exam-Style Questions  

1. a) The equilibrium position will shift to the left hand side which is the side with more 

moles/molecules. [2 marks] 

 

b) i) the rate of conversion increases. This is because a catalyst speeds up a reaction 

by providing an alternative pathway of lower activation energy. There will be more 

successful collisions. [2 marks] 

ii) no change in the percentage conversion. This is because a catalyst speeds up 

both the forward and backward reactions by the same factor (no effect on 

equilibrium position). [2 marks] 

 

2. a) the colour gets darker brown. [1 mark] 

When the temperature is increased the backwards endothermic reaction is 

favoured so more NO2 is made. [1 mark] 

 

b) the colour gets lighter brown. [1 mark] 

When the pressure is increased the equilibrium position moves to the right, the side 

with fewer moles/molecules so more N2O4 is made. [1 mark] 

 

3. a) I2   +  Cl2  →  2 ICl [1 mark] 
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b) i)  

1. The concentration/amount of the reactants and products remain constant. [1 

mark] 

2. Takes place in a closed system [1 mark] 

ii) The backward reaction is endothermic [1 mark] as when the mixture was heated 

more iodine monochloride has been made leading to the darker brown colour. [1 

mark] 

 

TOTAL = 15 

 

Knowledge Check: 

At the end of this tutorial you will guide pupils through a set of confidence and Knowledge 

Check questions. You will also complete a reflection exercise so that pupils can take time 

to think about what they found challenging and where they did well – you’ll find more 

details about this on the relevant tutorial slides. Answers for Knowledge Checks are found in 

the Appendices. 
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Tutorial 14 – Refresher Session 

This tutorial gives you the opportunity to catch up or revisit content or expand on one of the 

topics you’ve covered. 

Here are a few different approaches for using this tutorial effectively. You can use your own 

judgement when planning this session and get in touch with your Programme Officer if you 

need support.  

Approach 1: Continue completing a module 

 If one of the modules is taking longer to complete, this session can be used to 

continue teaching 

 You could also complete the final Knowledge Check for the last module you 

covered in this tutorial 

Approach 2: Revisit challenging concepts 

 Identify an area of the course where pupils struggled to master a concept or 

theme - revisit this concept and address misconceptions  

 Formative assessment can help you to decide which topic to revisit.  

 These prompts can help guide your approach: 

• Consider if a particular method worked effectively for another area of the 

course and use it here 

• Think about how you can scaffold the learning further by breaking it down 

into smaller chunks 

• Explore ‘wrong’ answers and support pupils to explain why they are wrong to 

help address misconceptions. 

Approach 3: Stretch and challenge  

 Review pupil progress and identify an area of the course where pupils mastered 

a concept confidently - further stretch and extend pupil learning 

 This could involve bringing in a higher-level concept. For example, you could 

consult the National Curriculum to see how the concept is further developed as 

pupils progress through school  

 Consider linking the learning to your own research/degree or encourage pupils 

to explore how it applies to real world issues. Encouraging pupils to ask questions 

can help to create a rich and exciting discussion  

  

https://www.gov.uk/national-curriculum/key-stage-3-and-4
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Tutorial 15 – Feedback and Reflections 

Tutorial 15 is a chance to celebrate pupil progress and successes, encourage further self-

reflection and support pupils to look ahead in their learning. 

Session Structure 

Section Suggested Time Additional Information  

Group feedback 15 mins Start by reviewing trends and results from 

Knowledge Checks and provide some broad 

group feedback. For example, share areas of 

strength and celebrate group successes. 

Individual Feedback 

and Self-Reflection 

15 mins Next, share individual feedback forms with 

pupils. Give pupils 5 minutes to review their 

feedback independently then use the 

feedback to help them with some self-

reflection. 

Looking ahead 15 mins You should encourage pupils to consider what 

skills they we developed through BTP tutorials 

and how do these link to their future learning. 

Pupils can complete a worksheet on the skills 

they have developed.  

We’d love it if you also use this time to share 

some of your own experiences of higher 

education and answer questions from students 

about university. 

Post-Programme 

Survey 

15 mins Pupils will complete a post-programme survey 

using the link and codes your Programme 

Officer shares with you. 

Acknowledgements 

This handbook was designed in partnership between The Brilliant Club, London Academy of 

Excellence and Highgate School. With particular thanks to Janie Lufford and Wing Li. 

  

You can find slides to support with delivering this session on the website:  

 thebrilliantclub.org/already-working-with-us/btp 

https://thebrilliantclub.org/already-working-with-us/btp/
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Appendices 

Knowledge Check answers 

Module 1 – Moles 

Knowledge Check 1 

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. 11g 

C. 9.7g 

D. 10.1 g ✓ 
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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  
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Knowledge Check 2 

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 mole  

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  
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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 2 – Acids, Bases and Salts 

Knowledge Check 1 

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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Knowledge Check 2 

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 3 - Titrations 

Knowledge Check 1 

1. A student is performing a titration. The initial reading on the burette is 10 cm3. The 

final reading on the burette is 32cm3. 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, CH3 COOH, 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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Knowledge Check 2 

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 dm-3 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 4 – The Reactivity Series 

Knowledge Check 1 

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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Knowledge Check 2 

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 5 – Energetics, Rates and Equilibria 

Knowledge Check 1 

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 the statement is incorrect: 

 

1. the forward and backward reactions occur at the same time.  

2. The mixture gets darker with time ✓ 

3. Concentration of reactants remains constant 

4. Concentration of products remains constant  

 

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

against time?  

 

1. Low temperature  

2. Low concentration  

3. Higher temperature ✓ 

4. Higher concentration 



 

 

106 

 
 

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

 

1. Using lumps instead of powder  

2. Increasing the concentration of an acid  ✓ 

3. Decreasing the concentration of an acid  

4. Decreasing the temperature  
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Knowledge Check 2 

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:  

 

1. clean a strip of magnesium ribbon to remove the oxide layer  

2. pour 50cm3 of 1mol/dm3 hydrochloric acid into the flask  

3. put the clean magnesium ribbon into the flask and connect the open flask to gas 

syringe ✓ 

4. 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?  

 

1. It will go down  

2. It will go up ✓ 

3. It will remain the same  

4. Unable to measure  
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5. If the energy change on an energy level diagram is negative, what does this tell 

you about the reaction?  

 

 

1. It is endothermic  

2. It is impossible  

3. It is exothermic ✓ 

4. It is in equilibrium  
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