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Car Challenge

Background:

This is a variation of “The Iodine Clock” experiment where two colourless solutions are mixed.  They stay colourless for a while before suddenly turning dark blue.   

  One solution contains two chemicals called potassium iodide and sodium thiosulphate.  The other solution contains potassium persulphate and starch.  Potassium iodide will react with potassium persulphate to form another chemical called iodine.  Normally this will react with the starch to immediately give a dark blue compound. However, the sodium thiosulphate gets there first and reacts with the newly formed iodine to turn it back into iodide.  These reactions keep happening until all the sodium thiosulphate has been used up.  With no more sodium thiosulphate, the iodine is free to react with the starch and we then see the solution turn a dark blue.

Setting the scene:

Demonstrate the reaction as follows, 

Using either a measuring cylinder or a syringe, measure out 10 cm3 of the first solution into a beaker.  Add to the same beaker 10 cm3 of the second solution and then 10 cm3 of the third solution. Watch until the solution changes colour.

Now discuss timing the reaction.  How could inaccuracies between mixing the reactants (when timer should be started) and stopping the timer be resolved?  

Now introduce the car.  Start the car and show the class that placing your hand over the LDR stops it.  Pose the question:  will this help resolve inaccuracies in timing?  How can we measure the distance the car moves?  

Possible variables to investigate:

Concentration

Temperature

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

For the Full Blown Investigation:  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).  

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 per group:

· 3  x 10 cm3 syringes.  Label one ‘Solution 1’, one ‘Solution 2’ and the third ‘potassium iodide’.

· 6  x  bottles

Label the Potassium persulphate solution ‘Solution 1’

Label the Starch solution ‘Solution 2’

Label the third bottle ‘20% potassium iodide’, the fourth bottle ‘40% potassium iodide’, the fifth bottle 50% potassium iodide’, and the sixth bottle ‘60% potassium iodide’.  

· 3 x 100ml beakers

· 1 x 50ml beaker

· 1 x 50ml measuring cylinder

· A model car (constructed as per the instructions)

· A track laid out on the floor with tape measures to indicate distances

· Stock solutions of ‘starch’, potassium iodide, potassium persulphate and sodium thiosulphate prepared as detailed below.

· A wash bottle of deionised water labelled as such

General Hints:

Start the car when half the volume of the last solution has been added to the beaker.
Note:  In all experiments, repeat measurements are to be encouraged and average distances moved plotted.

Concentration hints:

Possible concentrations to use are 20%, 40%, 50%, and 60% potassium iodide.

Place in Bottles labelled as such.

A solution of potassium persulphate.  Placed in a bottle, labelled ‘Solution 1’.

0.1% starch solution. Place in Bottle labelled ‘Solution 2’
All experimental procedures for the preparation of these solutions are to be found in the technician guide.

Place the car at the start of the tape and add the persulphate and starch to the beaker.  Place this in the car over the LDR.  Add the potassium iodide solution and depress the micro switch when half the quantity has been added.  

Typical Results:






The distances can be varied to take account of the ambient light conditions by adjusting the pots R11 and R12.



Temperature hints:
Do not heat to more than 60 0C 

Use the 40% concentration of the potassium iodide. 

The use of thermostat water baths is preferable.  
Mix the persulphate and starch together in the beaker and place in the water bath.  Place the measured amount of potassium iodide in the water bath also.  When their temperatures have equilibrated, quickly dry the beaker of persulphate/starch, place in the car on the measuring tape and add the potassium iodide, starting the car as before.

Car Challenge

Pupil Apparatus needed

· 3  x 10 cm3 syringes.  Label one ‘starch’, one ‘potassium persulphate’ and the third ‘potassium iodide’.

· A 50 cm3 measuring cylinder

· 6  x  bottles

Label one bottle ‘Starch solution’, the second bottle ‘Potassium persulphate’,

the third bottle ‘20% potassium iodide’, the fourth bottle ‘40% potassium iodide’, the fifth bottle 50% potassium iodide’, and the sixth bottle ‘60% potassium iodide’.  

· 4 x 100ml beakers

· A model car (constructed as per the instructions)

· A track laid out on the floor with tape measures to indicate distances

· Stock solutions of ‘starch’, potassium iodide, potassium persulphate and sodium thiosulphate prepared as detailed below.

· A wash bottle of deionised water labelled as such

Solutions required:  Always use deionised water in the preparations

Solution 1:  Approximately 0.05M potassium persulphate ( 13.5g/litre of solution)

Assuming this will be done by a whole class (say 5 groups), then approximately 750 cm3 will be required. 

Solution 2:  0.1% starch (1.0g/litre of solution).


Weigh out 1.0g of starch and dissolve in a little hot water.


Allow to cool and make the volume up to 1 litre. 

Again assuming this will be done by a whole class (say 5 groups), 

then approximately 750 cm3 will be required. 

Solution 3:  Potassium iodide solution prepared by dissolving 5.0g of potassium iodide per 100 cm3 of deionised water (approx 0.3M)

This is used to prepare the various concentrations of potassium iodide used in the experiment. Assuming the experiment will be done by a whole class (say 5 groups), then approximately 425 cm3 will be required in total to make the dilutions.

Solution 4:
This solution is approx. 0.1M sodium thiosulphate solution.


(0.5g/20 cm3 of water).

From solutions 3 and 4 make up a stock solution of potassium iodide/sodium thiosulphate by mixing them at the rate of 500 cm3 of potassium iodide per 6 cm3 sodium thiosulphate.

Experimental potassium iodide solutions:

Prepare these from the stock solution of KI/Na2S2O3 prepared previously

from solutions 3 and 4

Assuming this will be done by a whole class (say 5 groups), then approximately

250 cm3 of each will be required in total (allowing for spillage etc). 

20% solution:  50 cm3 of stock KI/Na2S2O3 + 200 cm3 deionised water

40% solution:  100 cm3 of stock KI/Na2S2O3 + 150 cm3 deionised water

50% solution:  125 cm3 of stock KI/Na2S2O3 + 125 cm3 deionised water

60% solution:  150 cm3 of stock KI/Na2S2O3 + 100 cm3 deionised water

Place these in the bottles and label accordingly.
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