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Investigating a chemical reaction using lemons

It is a good idea to laminate all cards to make them less consumable!

 Background:

Lemons contain a chemical called vitamin C that reacts with the purple permanganate ions. Colourless manganese ions are formed.

Setting the scene:

Explain that lemons contain a chemical called vitamin C.

Demonstrate the reaction as follows.

Add approximately 50 cm3 of the acidified potassium permanganate solution to a beaker.  First stir with a glass rod to show that stirring does not have any effect on the solution.  Now add a piece of lemon or some lemon juice to this solution and continue to stir. The solution will slowly decolourise (this is different from ‘going clear’ - it is clear at the start!).  Explain there has been a chemical reaction between the vitamin C and the purple liquid.  Now with class in groups issue Investigation Cards and set task.

Possible variables to investigate:

Temperature

Concentration

Four dependent variable readings should be recorded for each investigation to enable data to be plotted.  

Divide the class into groups of 8 - 10 students and issue Investigation Cards and set task. 

Now issue each student with a Planning Sheet.  Stress each member must record the decisions made by the Group and that the work of each Group must be checked after Part 1 (this is so you, the teacher, can ensure they are on the right track to carry out an investigation of a functioning variable).  


The Instruction sheets and recording sheets for each activity are in the pupil guide.

The bench cards are at the end of this document.
Discussion with pupils is vital, not only to ascertain their level of understanding, but to possibly direct them to ways of changing the variables.

It also gives you an opportunity to discuss the work with groups and to direct them as needed, and to ensure all conditions are being tested.   Encourage group discussion to involve all students.

It is a good idea to open discussion of results to the whole class and introduce the idea of reliability from repetition of experiments.

After discussion to confirm pupils have grasped what is required, the teacher should divide each of the groups into two, with one group going on to investigate the temperature variable while the other investigates the effect of surface area. i.e. the lesson could develop as follows:
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Depending on the time available and the class, the whole group could investigate all the values of their variable.  Alternatively, each student in a group could experiment with 1 value only of the variable and results pooled.  This would still give a total of four results to enable a graph to be plotted.  

For Short Investigations:  Set the scene as on Page 1 and elicit the two variables from the class. Set groups to investigate these and report findings as a presentation to those investigating the other variable.

Pupil Apparatus needed: 
· A bottle of stock acidified potassium permanganate solution of concentration 0.001 mol l-1 
· A selection of 100 cm3 glass beakers 

· A selection of larger glass beakers. 

· Stirring rods 

· Small measuring cylinders. 

· Pieces of white paper or card 

· Safety goggles 

· A selection of stop-clocks or suitable timers

· Light sensors (a variation on estimating the time for the experiment) 

· Thermometers (to investigate effect of temperature) 

· Bunsen burners and heat mats or water baths 

· Knives (to investigate effect of surface area) 

· A selection of 20 cm3, 10 cm3 and 5 cm3 syringes (to investigate effect of concentration) 

· Some lemons (to investigate the effect of surface area). 

· Bottles of lemon juice at different concentrations. 

Possibilities are 12.5%, 25%, 50%, 75% and 100%. 

Bottles should be labelled as such. 

General Hints: 

Beakers can be placed on white paper or card to make the reaction more 

visible and timing easier. 

Stop timing when the pink colour has left the solution and it has changed to a definite orange colour. Cards available for a colour to be chosen from.

Alternatively – use a light sensor (separate instruction card available for this). Place sensor up against the beaker of permanganate and note the reading.  Decide on the figure you will allow this to rise to (e.g. 100 lux).  

This figure will vary depending on the light intensity on the day.  Staff can advise pupils by testing the light sensor with water in the beaker to ascertain the maximum level of lux.  Add lemon juice and start timer.  Stop timer when the reading reaches the agreed figure. Repeat using the same beaker carefully cleaned.  Ensure initial reading is as close as possible to the previous one – you may have to move or rotate the beaker somewhat.  

Concentration hints: 

Possible concentrations to use are 12.5%, 25%, 50%, 75% and 100%. 

Bottles should be labelled as such. 
We found acceptable results were obtained by taking the bottled lemon juice and preparing a 40% solution in deionised (not distilled) water from it.  This became our 100% solution from which we prepared the other dilutions.

Note:  It is advisable to prepare the lemon juice solutions just prior to using them in the experiment.  At the very most, they can be kept in a fridge for 24 hours.  After this period of time the vitamin C seems to oxidise quite rapidly and the results obtained are not good.

Colour change results:

Use 25 cm3 portions of the permanganate each time. 

Add 5 cm3 portions of the lemon juice at the required concentration and time to when the pink colour has left the solution and it has changed to a definite orange colour. Typical Results for timing using the colour change:

	Concentration (%)
	Time (s)

	12.5
	230

	25
	176

	50
	111

	75
	68

	100
	37



Typical results for timing using a light sensor with freshly prepared samples of lemon juice: 

	Concentration (%)
	Time (s)

	25
	189

	50
	87

	75
	34

	100
	11


Temperature hints: 

Use 25 cm3 portions of the permanganate each time. 

Do not heat to more than 60 0C 
Use 25% concentrations of the lemon juice. This gives a good plot.

The use of thermostat water baths is preferable. However, if using a Bunsen to heat the permanganate, heat it to 60 0C and then allow the hot permanganate to cool down to the desired temperature before adding the lemon or lemon juice. Record the temperature. Then add 5 cm3 portions of the lemon juice of 25% concentration and time to when the pink colour has left the solution and it has changed to a definite orange colour. 

Typical Results: 

	Temperature (0C)
	Time (s)

	50
	33

	40
	60

	30
	107

	23 (room temperature)
	176



Surface area hints: 

The surface area could even be investigated as follows: 

Short pieces of lemon 4 cm long can be provided for pupils to be placed in the permanganate and stirred with a stirring rod. Anything longer will not fit in the 100 cm3 beaker. 

Ensure each group has pieces of the same thickness. This will avoid time inaccuracies due to different thickness of lemon being used in a series of similar experiments. 

After doing the experiment with a 4 cm piece, it can be repeated with a fresh 4 cm piece cut into 2 equal sizes, then with a fresh piece cut into 3 equal sizes, then with a fresh piece cut into 4 equal sizes. The ‘number of cut pieces’ can be used as an indication of increasing surfaces or surface area when plotting the data. Time to when the pink colour has left the solution and it has changed to a definite orange colour.
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