
Chemical Patterns 33 
 

3.1 How fast can it go? 

Lesson outcomes 

At the end of this activity students will be able to: 

 identify that chemical reactions can occur at different rates 

 collect valid and reliable data 

 apply mathematical concepts to interpret experimental data 

 draw graphs to analyse trends in data collected. 

What ideas might your students already have? 

Students may believe that every chemical reaction is fast and unvarying. They may not be 
aware of the enormous variation in the rates that reactions occur or that these rates can vary. 

Key vocabulary: 

Reaction rate. 

Equipment list 

Each GROUP will require: 

 5 cm strip of clean magnesium ribbon 

 400 mL beaker 

 10 mL measuring cylinder 

 small filter funnel  

 stopwatch 

 1 M hydrochloric acid 

 plastic wrap. 

Each STUDENT will require:  

 graph paper 

 safety glasses 

Things to consider and hints for success:  

Introductory discussion: students could form smaller groups to consider examples of slow 
and fast reactions, before sharing ideas. Groups reform to put the reactions in rate order and 
compare lists with others. The role of energy in determining reaction rate should arise and will 
be followed up in Activity 3.2. 

Practical session: you may demonstrate setting up apparatus for the experiment before 
students begin. The experiment can be completed in groups of three or four. Suggest 
students assign a role to each member. Remind them to draw line graphs and, if needed, 
help with calculations. In the discussion, students may consider the amount of substances 
present (concentration) as affecting reaction rate. This will be followed up in Activity 3.2. 
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Lesson plan 

Step 1: Using the Science by Doing Student Guide stimulus material, consider as a class 
what reaction rate is and brainstorm examples of slow and fast reactions. 

Step 2: Demonstrate use of the equipment before students complete the experiment in 
groups of three or four. 

Step 3: Discuss the results with the class and ensure students understand the calculations 
and graphing. 

Suggested questions: 

 What might cause a reaction to be fast or slow? 

 Why might this be important? 

 How will you know that a reaction is occurring between the magnesium and acid? 

 How does this help to tell you when the reaction is going faster, slower or has stopped? 
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3.2 Changing reaction rate 

Lesson outcomes 

At the end of this activity students will be able to: 

 use models to explain phenomena and make predictions 

 describe the effects of temperature and concentration on reaction rate 

 specify dependent and independent variables for controlled experiments 

 assess the reliability and validity of first-hand data 

 design controlled experiments to collect valid data. 

What ideas might your students already have? 

Students might have linked reaction rate to energy, temperature and concentration in Activity 
3.1. 

Key vocabulary: 

Concentration, effective collision.  

Equipment list 

Each GROUP will require:  

 100 mL sodium thiosulfate solution (0.2M) 

 50 mL 2M hydrochloric acid 

 250 mL conical flask 

 25 mL measuring cylinder 

 piece of paper with a black cross 

 stopwatch. 

Things to consider and hints for success: 

Games to simulate reaction rate: a good way to help students understand the link between 
collisions with speed and closeness of particles. Find a suitable area with markings e.g. a 
basketball court, and refine the games as students discuss the link with reaction rate. Use the 
stimulus questions in the Science by Doing Student Guide, with suggested questions to make 
the connections to chemical reactions. 

On-line links 

 Collision theory animation rates of reaction 
temperature, concentration and catalysts on reaction rate. 

 Speed of reaction  effective collisions animation 
effective and non-effective collisions. 

 How to speed up chemical reactions 
reactions in a fun way 

Practical session: this activity works well in groups of three (a timer/recorder and two 
students working with the chemicals).  

Note: a small amount of sulfur dioxide is produced in this reaction. This is not normally 
problematic, but can affect severe asthmatics.
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Teacher content information: 

Reaction rate is related to both the kinetic energy of particles and frequency of collisions. 
Reactions will occur more quickly if less energy is needed to break reactant bonds or the 
chemicals are already in a form that will react more easily, e.g. ionised in solution. 

The main factors affecting reaction rate are: 

 Concentration of reactants: the closer the particles are together, the more likely they 
will collide. 

 Temperature of the reaction mixture: the higher the temperature, the faster the 
particles will move, because they possess more kinetic energy. 

 Size of particles of solid reactants: the smaller the particles, the larger the surface 
area exposed to the other reactant e.g. pieces of metal in an acid solution. 

 Stirring: mixes reactants more quickly, increasing the frequency of collisions. 

 Catalyst: increases reaction rate by reducing the amount of energy required for the 
reaction to occur (lowering the activation energy). Catalysts often provide a surface on 
which reactions occur more readily. They are involved in the reaction, but are always 
released when the reaction is complete, so can be reused. 

Lesson plan 

Step 1: Explain students will consider how reaction rate can be changed and outline the 
games that will start the lesson. Ask students to make suggestions, before moving to 
a suitable area. 

Step 2: Discuss how these models could help explain how the rate of chemical reactions 
could be changed. The simulations in the Science by Doing Student Digital can be 

 

Step 3: Groups complete the experiment on the effect of concentration on reaction rate (see 
Things to consider and hints for success). 

Step 4: When students have had time to consider the discussion questions, review the 
important points of experimental design and check responses to questions 1-5. 

Step 5: Groups reform to design a controlled experiment to investigate the effect of 
temperature on reaction rate. 

Step 6: Groups present designs to the class for comment and suggested improvements. 

Step 7: Notebook questions could be done as homework for consolidation. 

Suggested questions: 

For simulation games: 

 Why are you playing the game within boundaries? 

 What happens when the play area is increased/decreased? 

 How is colliding related to a chemical reaction? 

 When you move faster, what kind of energy is increasing? 

 Can you think how to increase the kinetic energy of particles in a chemical reaction? 

 How is changing partners like a chemical reaction?  

Follow up: The effect of catalysts on reaction rate will be covered in Activity 3.3.
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3.3 Catalysts 

Lesson outcomes 

At the end of this activity students will be able to: 

 describe the role of a catalyst in a chemical reaction 

 make inferences from their observations in first-hand activities. 

What ideas might your students already have? 

Students should have some ideas about catalysts (and enzymes) from previous science 
studies.  

Key vocabulary: 

Catalyst. 

Equipment list 

Each PAIR will require: 

Decomposition of manganese dioxide 

 2 x 50 mL beakers 

 weak hydrogen peroxide solution (3-6%) 

 manganese dioxide 

 10 mL measuring cylinder 

 spatula 

 wooden splint and Bunsen burner. 

Zinc and hydrochloric acid 

 2 test tubes 

 test-tube rack 

 granulated zinc 

 1 cm clean copper wire 

 2 M hydrochloric acid. 

Each STUDENT will require:  

 Science by Doing Student Digital  

 safety glasses. 

Things to consider and hints for success 

Practical activities: it is important to control the amount of manganese dioxide and hydrogen 
peroxide available as this reaction will overflow the test tubes if too much is used. 

Links 

 Science Bite - Rates of reaction (
temperature, catalysts and particle size on the rate of reactions and the collision theory. 

 Collision theory and reaction rates 
collision theory with equations.
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 Catalysts: Chem4kids website explaining how a catalyst changes the rate of a 
chemical reaction. 

 Chemical catalysts thpaste). This can 
be done as a teacher demonstration. 

 Reaction rate: Chem4kids website explaining factors affecting reaction rate, plus quiz. 

 Catalysis  

Lesson plan 

Step 1: Class discussion using the stimulus material on the iron catalyst in the Science by 
Doing Student Guide, to ensure understanding of what a catalyst is.  

Step 2: Pairs complete practical activities and the discussion questions. 

Step 3: Review the properties of a catalyst demonstrated in these reactions, before students 
consolidate using the interactive in the Science by Doing Student Digital.  

Step 4: Students explore the Find out more links before attempting Notebook questions. 

Step 5: The on-  

Follow up: 

The use of vanadium pentoxide in the manufacture of sulfuric acid, as an example of an 
industrial catalyst, is covered in Activity 3.5. 
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3.4 Controlled experiment 

Lesson outcomes 

At the end of this activity students will be able to: 

 design and carry out investigations to collect valid first-hand data 

 justify why variables need to be kept constant if reliable first-hand data is to be collected 

 select equipment to collect and record data 

 analyse patterns and trends in data, including identifying inconsistencies 

 write a scientific report on a first-hand investigation. 

What ideas might your students already have? 

Students should have experience in experimental design, reviewed in Activity 3.2. 

Key vocabulary: 

Variable. 

Equipment list 

The CLASS will require: 

(Students may ask for other equipment, depending on their design.) 

 marble chips (calcium carbonate) 

 2 M hydrochloric acid 

 pestle and mortar 

 chemical balance 

 laboratory glassware 

 stopwatch. 

Things to consider and hints for success 

This activity can be used as a practical assessment task. A possible marking scheme is 
provided. Pairs complete the experiment and Notebook the results, but students then write 
individual reports. A possible plan is: 

1. Pairs design their experiment in an earlier lesson and submit a list of requirements. 

All plans should be checked for feasibility before the practical lesson. 

2. Pairs complete the experiment in class. 

Students write up the report individually for homework. 

Lesson plan 

Step 1: Students should plan their experiment in groups, and check this with the teacher. 

Step 2: Students should carry out the experiment and record the results in their Notebook. 

Step 3: Students should be guided to write a formal report of the investigation. If possible 
provide them with the appropriate structure that should be followed. 
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3.5 Sulfuric acid  king of chemicals 

Lesson outcomes 

At the end of this activity students will be able to: 

 discuss how chemistry can be used in industry to produce a range of useful substances 

 construct a flow chart to clearly demonstrate relationships and logical progression. 

What ideas might your students already have? 

Students will probably have an image of sulfuric acid as a dangerous, rather than a useful, 
chemical. 

Key vocabulary: 

Corrosive, viscous, vitriolic.  

Equipment list 

Each GROUP will require:  

 Science by Doing Student Digital 

 butcher paper 

 marking pens. 

Things to consider and hints for success 

Sugar and concentrated sulfuric acid demonstration: This is a spectacular 
demonstration, but produces fumes of sulfur dioxide and steam and must be carried out in a 
fume hood. It is a highly exothermic reaction and gets very hot. 

The reaction is: C12H22O11(s) + H2SO4 (i)  12C(s) + 11H2O(g) + H2SO4 (aq) 

http://www.youtube.com/watch?v=kcDSngXldB0 

This video shows the demonstration, as well as the reaction between sulfuric acid and 
potassium chlorate.  Properties of sulfuric acid are 
also discussed. 

Sulfuric acid  the Contact Process 
including the reactions involved and is ideal for student groups attempting Notebook Q1. 

Teacher content information: 

Sulfuric acid  the Contact Process Science by Doing Student 
Digital) 

Sulfuric acid is manufacture from sulfur and dried compressed air. 

The sulfur is first burned in air to produce sulphur dioxide. 

 S(i) + O2(g)  SO2(g) 

The sulfur dioxide is then combined with more oxygen to produce sulfur trioxide, in a 
reaction catalysed by vanadium pentoxide at a temperature of 440°C. 

 SO2(g) + O2(g)  SO3(g) 

This gas is passed into an absorbing tower, where the sulfur trioxide dissolves in water 
to form concentrated sulfuric acid. This acid can then be diluted with water.
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The processes involved in sulfuric acid production are exothermic reactions that release a lot 
of energy. This energy is used to heat water to produce steam, which can be used to turn 
turbines to generate electricity. This electricity is sold to the national grid. 

Lesson plan 

Step 1: Brainstorm, using the stimulus material in the Science by Doing Student Guide, what 
sulfuric acid is and what we use it for, risk assessment etc.  

Students might like to draw an electron diagram, based on the molecular model 
shown in the guide. You may wish to do the sugar/concentrated sulfuric acid 
demonstration here or show the video (see Things to consider and hints for 
success). 

Step 2: Students use the interactive in the Science by Doing Student Digital to explore the 
uses of sulfuric acid. 

Step 3: Students watch the video on sulfuric acid manufacture before attempting the 
Notebook questions, including working in groups to draw a flow chart for Q1. 

 

 

 

 

 

 

 

 

 

 

  


