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Reactivity 2.2.5 and Reactivity 2.2.6 (HL) 
The effect of a catalyst: ‘Elephant toothpaste’
References:
R2.2.5 Catalysts increase the rate of reaction by providing an alternative reaction pathway with lower Ea.
HL ONLY R2.2.6 Many reactions occur in a series of elementary steps. The slowest step determines the rate of the reaction. 
Aim
To observe the effect of a catalyst in a well-known reaction.
Introduction
‘Elephant’s toothpaste’ is a popular experiment that has featured in numerous TV science shows. A simple YouTube search will give thousands of hits from various people performing the experiment, with the ‘World Record Elephant Toothpaste’ video uploaded in 2019 being one of the most ridiculous examples. 

The experiment is a simple autoxidation of peroxide, which normally occurs very slowly, in the presence of a foaming agent (liquid soap). The reaction is catalyzed using potassium iodide, which provides an alternative reaction pathway that results in the rapid release of oxygen gas. 



HL ONLY The proposed catalyzed reaction mechanism consists of the following elementary steps:  





Pre-lab questions
1. This is an exothermic reaction. Sketch and explain the energy profiles of the reaction with and without the catalyst. 
2. HL ONLY How does the proposed mechanism justify that the I− is a catalyst?
3. HL ONLY Assuming that step 1 is the rate determining step (RDS) in the catalyzed mechanism, what is the rate law of the reaction?
4. HL ONLY Assuming that step 2 is the RDS in the catalyzed mechanism, what is the rate law of the reaction? 

Please note 
A full risk assessment should be carried out prior to commencing this experiment. 
Personal safety equipment should be worn. 
Chemicals should be disposed of safely and with due regard to any environmental considerations.

Risk assessment
	Material name and chemical formula
	Associated risks
	Measures taken

	

	
	

	

	
	

	

	
	



Environmental risks
	Waste products (if any)
	Associated risks
	Waste management

	

	
	





Ethical risks
	Risks to humans
	Justification
	Management

	

	
	

	Risks to the environment
	Justification
	Management

	

	
	



Equipment list
	Chemicals/materials
	Apparatus (per group of students)

	hydrogen peroxide solution, H2O2 (30% and 35%)  
potassium iodide solution, KI (1.0 mol dm−3 and 2.0 mol dm−3)
dish washing liquid
food colouring (optional)

*Sodium iodide solutions of the same concentrations can be used if potassium iodide is not available
	1 dm3 graduated cylinder 
large bin



Method
Ensure that gloves, safety goggles and lab-coat are worn. The experiment is surprisingly vigorous and can become messy. Ensure that your workspace is clear of other materials and that you have taken precautions to avoid spillage.
1. Place the 1 dm3 graduated cylinder in a large bin and add 20 cm3 of the 30% hydrogen peroxide solution.
2. Optional step: Add 2–3 drops of food colouring and mix with the hydrogen peroxide.
3. Add a small layer of dish washing liquid drop by drop down the sides of the cylinder.
4. Add 5 cm3 of the 1.0 mol dm−3 potassium iodide solution. 
5. IMPORTANT!!! Do not lean over the cylinder when you do this. The reaction may happen suddenly.
6. The volume of foam produced will be used to determine the rate. The faster that O2(g) 
is released, the higher the foam will rise in the cylinder. Record the height of the foam.
7. Repeat the experiment (steps 1–6) using the 2.0 mol dm−3 potassium iodide solution 
in step 4.
8. Repeat both experiments using the 35% hydrogen peroxide solution.
Analysis
· Determine the concentration of the peroxide solution. Record the volume of the foam 
in Table 1.
Table 1
	[H2O2] 
(% v/v)
	[H2O2] (mol dm−3)
	[I− ] (mol dm−3)
	Volume of foam (cm3)

	30 %
	
	1.0
	

	30 %
	
	2.0
	

	35 %
	
	1.0
	

	35 %
	
	2.0
	



· Observe the reaction and comment on the effect of increased concentration to the 
rate of the reaction. 
Reflection
What is the effect of a catalyst on the rate of a reaction?
HL ONLY Does the rate law determined in the mathematical analysis of the 
data above support the proposed mechanism? Discuss. 
Post–lab report 	
Write a report where you:
Summarize the important theoretical concepts described in this lab.
Summarize the experimental procedure.
Highlight any important health and safety matters.
Present your observations and discuss your results. 
Present and justify your conclusion. 
Evaluate the process and identify any sources of error.
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