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GRADE 10A: Chemistry 6 

Reaction kinetics 

About this unit 
This unit is the sixth of six units on chemistry for 
Grade 10 advanced. 

The unit is designed to guide your planning and 
teaching of chemistry lessons. It provides a link 
between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 12A and Grade 9. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 

Previous learning 
To meet the expectations of this unit, students should already know the 
difference between endothermic and exothermic reactions and be familiar 
with the energy profile of a reaction. 
 

Expectations 
By the end of the unit, students know the factors that affect reaction rate 
and explain them in terms of the particle model and they understand the 
concept of dynamic equilibrium. They understand the energy profile of a 
reaction and know how catalysts work by altering it. They know and use the 
concepts of enthalpy of reaction and activation energy and associate 
endothermic and exothermic changes with bond breaking and making. 

Students who progress further explain reaction rates in terms of particle 
collisions and energy, and distinguish between first- and second-order 
reactions. They calculate the half-life of first-order reactions and understand 
the relationship between rate constant and temperature. They deduce 
mathematical expressions for equilibrium constants and use them in gas 
and solution reactions. 

Resources 
The main resources needed for this unit are: 
• cards with different factors affecting the rate of a chemical reaction 

(e.g. high temperature) 
• 4 mol dm–3 hydrochloric acid, calcium carbonate (lump form), sieves, 

pestles and mortars, equipment to carry out a reaction and collect the gas 
evolved over water, gas syringes (optional), water baths  

• sets of cards listing examples of homogeneous and heterogeneous 
catalysed reactions 

• sheets of coloured paper, stapler 
• anhydrous copper sulfate, anhydrous cobalt chloride 
• polystyrene cups, thermometers, anhydrous copper sulfate, citric acid, 

baking soda (sodium hydrogencarbonate), vinegar, iron filings, barium 
hydroxide octahydrate, dry ammonium chloride, anhydrous calcium 
chloride 

• ‘ball and stick’ model kits 
• assortment of liquid fuels (e.g. methanol, ethanol, propan-2-ol,  

butan-1-ol), spirit burners, copper calorimeters, balances, thermometers 
• small whiteboards (class set) 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• reaction rates, rate experiments 
• kinetic particle model 
• catalyst, mechanism, activation energy, heterogeneous, homogeneous, 

energy profiles 
• reversible reaction, dynamic equilibrium 
• rate-determining step, successful collision 
• exothermic, endothermic 
• standard enthalpy change (∆H) 
• bond breaking, bond formation 
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Standards for the unit 

10 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 10 standards 
 EXTENSION STANDARDS 

12A.20.2 Derive and use rate expressions of the 
form rate = k[A]m[B]n from data and 
draw and analyse graphical 
representations for zero, first- and 
second-order reactions in a specified 
reactant. 

 10A.23.1 Know that reaction rates vary considerably and be able to produce, and 
analyse graphically, data from rate experiments. 

12A.20.3 Calculate the half-life of first-order 
reactions and show an understanding 
of why it is concentration independent. 

12A.20.1 Recognise that different reactions 
proceed at different rates and explain 
reaction rate in terms of particle 
collisions and particle energy. 

 10A.23.2 Know and measure the effect on reaction rates of concentration, 
temperature and particle size, and explain the effect in terms of a kinetic 
particle model. 

12A.20.4 Describe qualitatively the relationship 
between the rate constant and 
temperature. 

 10A.23.3 Explain that in the presence of a catalyst a reaction will have a different 
mechanism with a lower activation energy, and that such a reaction will 
proceed faster. 

 

 10A.23.4 Distinguish between surface action catalysis (heterogeneous) and 
intermediate compound catalysis (homogeneous) and give important 
examples of both. 

 

 10A.23.5 Know that many reactions occur in multiple steps and that only one 
determines the reaction rate. 

 

 10A.23.6 Explain a bimolecular reaction in terms of particle collisions and recognise 
that the chance of a reaction depends on particle concentration and 
particle energy. 

12A.20.7 Deduce expressions for forward and 
backward rate constants for a simple 
bimolecular reaction and hence 
deduce expressions for equilibrium 
constants in terms of concentrations 
(Kc) and partial pressures (Kp). 

3 hours 

Rates of reaction
 

2 hours 

Catalysts 
 

1 hour 

Reaction 
mechanisms 
 

4 hours 

Enthalpy 
changes 

 10A.23.7 Understand, in terms of rates of the forward and reverse reactions, what is 
meant by a reversible reaction and dynamic equilibrium. 

12A.20.9 Understand and use the term position 
of equilibrium as applied to a 
reversible reaction and know that the 
size of an equilibrium constant is an 
indication of the extent to which a 
reaction nears completion 
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10 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 10 standards 
 EXTENSION STANDARDS 

9.16.1 Know that in some reactions energy 
is given out and in others it is taken 
in. 

10A.24.1 Know that chemical reactions are accompanied by energy changes, 
usually in the form of heat energy, and that the energy changes can be 
exothermic or endothermic. 

 

9.16.2 Construct and interpret an energy 
profile of a reaction. 

10A.24.2 Construct reaction energy profiles showing enthalpy changes in the 
reaction and activation energy. 

 

 10A.24.3 Know that a catalyst can provide an alternative energy profile with a lower 
activation energy. 

 

12A.21.1 Explain and use the concept of 
standard enthalpy change (∆H), with 
particular reference to combustion, 
formation, solution and neutralisation. 
Calculate enthalpy changes from 
experimental results 

 10A.24.4 Explain and use the concept of standard enthalpy change (∆H), with 
particular reference to combustion, formation, solution and neutralisation, 
and calculate enthalpy changes from experimental results. 

12A.21.2 Use Hess’s law to construct simple 
energy cycles and determine enthalpy 
changes that cannot be found by 
direct experiment, such as enthalpies 
of formation and of ionisation 

 

 10A.24.5 Recognise that bond breaking is associated with endothermic changes and 
bond formation is associated with exothermic changes. 
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Activities 

Objectives Possible teaching activities Notes School resources 

Through question and answer with the whole class, establish the definition of rate, when 
referring to a chemical reaction. Give students a list of reactions (e.g. acid/metal, iodine clock), 
and ask them how they can measure the rate of a chemical reaction. Draw out the idea that a 
suitable change in property needs to be identified (e.g. volume of gas evolved, change in colour 
intensity, change in pH, change in conductivity). Give students a card each with one reaction 
condition on (e.g. low temperature or dilute reagent). Then ask them to move around the class 
and talk with six different students. Tell each student to explain to the other, in terms of a kinetic 
particle model, what impact their reaction condition will have on the rate of reaction. Bring the 
whole class together and, in turn, classify all the reaction conditions into those that will increase 
and those that will slow down the rate of reaction.  

 

 

 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

3 hours 

Rates of reaction 
Know that reaction rates vary 
considerably and be able to 
produce, and analyse 
graphically, data from rate 
experiments. 

Know and measure the effect 
on reaction rates of 
concentration, temperature 
and particle size, and explain 
the effect in terms of a kinetic 
particle model. 

Ask students, working in pairs, to use these ideas to investigate the reaction of calcium 
carbonate with hydrochloric acid. Ask them to plan, carry out, analyse and evaluate the effect 
on reaction rates of concentration, temperature and particle size, and explain the effect in terms 
of a kinetic particle model. They can collect the carbon dioxide evolved either in an upturned 
burette over water or in a gas syringe.  
 

Enquiry skills 10A.1.1–10A.1.5  

Define catalyst to the whole group then allow students to work in pairs to investigate the 
catalytic decomposition of hydrogen peroxide. Suggest using manganese(IV) oxide, 
celery, potato, liver, tomato and sodium chloride to see which acts as the most effective 
catalyst. 

Draw the class together to discuss what is happening and, in outline, how a catalyst functions to 
provide an alternative mechanism with a lower activation energy, and that such a reaction will 
proceed faster. 

Draw an energy profile diagram for the decomposition of hydrogen peroxide and explain what 
each of the axes represents. Label the line to indicate it is the uncatalysed reaction. Clearly 
label and define the activation energy. Ask each student to copy the diagram down and add a 
second line to show the energy profile for the catalysed reaction. Then get students to pair up to 
compare their diagrams and decide which of the two diagrams to use. Then get each pair to join 
with a second pair and repeat the process. Then ask each group of four to draw their agreed 
enthalpy profile on the board or OHP for the whole class. Through questioning, draw out the 
reasons for the diagrams and undo any misconceptions. 

Safety: Use 5 vol hydrogen peroxide and handle 
with care. 

Enquiry skills 10A.1.1–10A.1.5 

 

 

 2 hours 

Catalysts 
Explain that in the presence 
of a catalyst a reaction will 
have a different mechanism 
with a lower activation 
energy, and that such a 
reaction will proceed faster. 

Know that a catalyst can 
provide an alternative energy 
profile with a lower activation 
energy. 

Distinguish between surface 
action catalysis 
(heterogeneous) and 
intermediate compound 
catalysis (homogeneous) 
and give important examples 
of both. 
 

Define homogeneous and heterogeneous catalysis. Provide students with sets of cards 
showing catalysed reactions. Each card should give the use and equation of the reaction 
catalysed. Ask students to work in pairs to classify the catalysts as reacting in a homogeneous 
or heterogeneous manner. 
 

Prepare sets of cards showing catalysed 
reactions. 

 

Unit 10AC.6 
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Objectives Possible teaching activities Notes School resources 

1 hour 

Reaction mechanisms 
Know that many reactions 
occur in multiple steps and 
that only one determines the  
reaction rate. 

Explain a bimolecular 
reaction in terms of particle 
collisions and recognise that 
the chance of a reaction 
depends on particle 
concentration and particle 
energy.   

Understand, in terms of rates 
of the forward and reverse 
reactions, what is meant by a 
reversible reaction and 
dynamic equilibrium.  
 

Ask all the students to stand in a row and move along a desk to perform a multi-stage task. 
Each step of the procedure should be carried out at a clearly marked workstation, for example:  
 step 1 – pick up sheets of paper from a number of different piles of paper; 
 step 2 – number each sheet; 
 step 3 – square the paper up; 
 step 4 – staple the papers together in the top left-hand corner; 
 step 5 – place the stapled papers neatly in a box.  

No student is allowed to pass the student in front of him/her; they must wait until the workstation 
for each step is free before proceeding to it. When the task is complete, the student joins the 
queue to start again. It will soon become clear that there are bottlenecks in the process.  

As a whole class, identify which stages of the process were quick and which were slow, holding 
up the overall process. Relate this to chemical reactions and introduce the idea of a rate-
determining step. Give an example of a multi-stage reaction and show how the rate of reaction 
depends on reagents involved in the rate-determining step. Give students further examples of 
reactions, stating which reactant/s are involved in the rate-determining step, and ask them to 
discuss the reactions in pairs to deduce a reaction mechanism. 

Get students to simulate a simple bimolecular reaction. Ask half the students to carry a piece 
of red paper (to simulate reactant 1) and the other half to carry a piece of blue paper (to 
simulate reactant 2) and tell them to walk randomly around the class. When two reactants of 
different colour collide they hold hands. Time how long it takes for half the reactants to 
collide. Now repeat the exercise with only half the number of reactants 1 and 2 and time how 
long it takes for them all to react. By class questioning, relate these results to the chance of a 
reaction depending on particle concentration. Now ask students to consider how the energy 
of the colliding particles will affect the chance of a reaction. Develop the notion of a 
successful collision. 
 

  

4 hours 

Enthalpy changes 
Know that chemical reactions 
are accompanied by energy 
changes, usually in the form 
of heat energy, and that the 
energy changes can be 
exothermic or endothermic. 

Construct reaction energy 
profiles showing enthalpy 
changes in the reaction and 
activation energy. 

[continued] 
 

Provide each student with a thermometer and prepare a circus of reactions that can take place 
in insulated vessels (e.g. polystyrene cups). Ask students to carry out the reactions individually 
and to record any temperature changes that occur as the reactions proceed. Suitable reactions 
include: 
• adding water to anhydrous copper sulfate; 
• mixing citric acid solution with baking soda (sodium hydrogencarbonate); 
• adding vinegar to iron filings; 
• mixing barium hydroxide octahydrate crystals with dry ammonium chloride; 
• adding water to calcium chloride. 

Ask students to classify their reactions. Discuss with the class the classifications used and focus 
on classifications to do with changes in temperature. Define exothermic and endothermic 
changes. Discuss the idea of system and surroundings. Ask students, individually, to classify 
each of the reactions above as endothermic or exothermic 
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Objectives Possible teaching activities Notes School resources 

Introduce the class to energy profile diagrams and, through question and answer, draw a 
general energy profile diagram for both an exothermic and an endothermic reaction. Introduce 
the concepts of activation energy and enthalpy change of reaction (including the sign 
convention) and label these on the diagrams. 

Tell students to copy down these profiles and add detail for one of the examples they have 
carried out in the lab. 

  

 

Ask students to discuss in pairs where they think the energy comes from in exothermic 
reactions and where it goes to in endothermic reactions. Brainstorm ideas as a whole class. 

Provide students with balanced equations for the complete combustion of methane and 
methanol, together with ∆H values for both reactions, and ask them to draw energy profile 
diagrams for each reaction. Ask them to think about why the two reactions have different ∆H 
values. 

Draw up the structures of all the reactants and products on the board or OHP. Taking the 
reactions in turn, ask students, in pairs, to make models of each reactant using ‘ball and stick’ 
model kits. Ask students then to convert the reactants into products and note down the number 
and type of bonds broken and made in each reaction and tabulate their results. Define bond 
enthalpy. Then give students the bond enthalpy values for all the bonds involved and ask them 
to calculate the ∆H values of the two reactions. Now ask them all to write a short paragraph 
explaining why the magnitude and sign of ∆H are different in different chemical reactions. 

Consolidate students’ understanding by writing a series of equations for a number of simple 
reactions on the board or OHP. Provide bond enthalpy diagrams and ask students to list the 
reactions in order of increasing numerical values of ∆H. Ask them to explain their answers to a 
fellow student and then check their answers against the correct answers. 

Enquiry skill 10A.2.2  

[continued] 

Explain and use the concept 
of standard enthalpy change 
(∆H), with particular reference 
to combustion, formation, 
solution and neutralisation, 
and calculate enthalpy 
changes from experimental 
results. 

Recognise that bond 
breaking is associated with 
endothermic changes and 
bond formation is associated 
with exothermic changes. 

Ask students to work in groups of four, using books, the library or the Internet, to research the 
definitions of ∆H θ

c, ∆H θ
f, ∆H θ

soln, ∆H θ
neutralisation. Then get them to work as a group to produce an 

effective way of remembering these definitions (e.g. they might produce a play, a game or a 
song). These can be presented to the whole class. 

Write a series of reactions on the or OHP and, as you finish writing each one, ask students to 
use mini-whiteboards to write which ∆H this equation represents and to hold their answers up 
for you to see. 

Ask students to work in pairs to determine the enthalpy of combustion for a number of different 
alcohols (e.g. methanol, ethanol, propan-2-ol, butan-1-ol) using spirit burners to heat water in a 
copper calorimeter. Depending on the ability of the students you may wish to carry this out as a 
practical with instructions or as an investigation. You will need to guide them in the calculations. 
(e.g. do a worked example for the whole class, which they then use as a model to calculate 
results using their own data). 

Encourage students to evaluate the procedure and results in order to make recommendations 
for improvements. 
 

ICT opportunity: Use of the Internet. 

Safety: All the alcohols are highly flammable. 
Keep lids on the spirit burners when not in use. 
Methanol is toxic, butan-1-ol is harmful. 

Enquiry skills 10A.1.1–10A.1.5, 10A.4.1 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Draw an energy-level diagram for petrol burning in air. Use this to explain why petrol does not 
undergo combustion spontaneously at room temperature.  

  

For each of the reactions a–c below, say how, if at all, you would expect the rate to be affected 
by: 

 A. temperature; 

 B. total pressure of gas; 

 C. concentration of solution; 

 D. surface area of solid. 

a. The reaction of magnesium with hydrochloric acid. 

b. The reaction of nitrogen with hydrogen in the presence of an iron catalyst. 

c. The decomposition of aqueous hydrogen peroxide. 

From G. Burton et al., 2000, Salters Advanced Chemistry Chemical Ideas, 2nd edn, 
Heinemann, p.222 

  

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

The overall reaction of bromobutane with alkali was found experimentally to be dependent on 
the concentration of both alcohol and alkali. 

Is this consistent with the following suggested mechanism? Explain your answer. If not, propose 
an alternative mechanism consistent with the experimental results.  
   slow 

 Step 1 C4H9Br + OH– → C4H9
+ + Br– 

   fast 

 Step 2 C4H9
+ + OH– → C4H9OH 
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