Experiment 4.3e – iodine and propanone reaction kinetics

!! Wear eye protection correctly throughout the experiment

!! Iodine will stain skin and clothing

In this experiment you will investigate the rate of the reaction between iodine and propanone solutions in the presence of an acid catalyst:

CH3COCH3(aq) + I2(aq) → CH2ICOCH3(aq) + HI(aq)

Method 1 – Quench and titrate

In this experiment we shall discover the order of the reaction with respect to the iodine. We do this by using propanone and acid (the catalyst) of much higher concentration than the iodine. This means that with such a large excess there will be little change in their concentrations through the reaction and so it will only be the iodine which affects the rate.

By adding portions of the reaction mixture to some sodium hydrogencarbonate solution the acid (catalyst) is neutralized and the reaction slows down (quenched). The iodine can then be titrated with sodium thiosulfate solution.

1. Use a measuring cylinder to put 50 cm3 of 0.02M iodine solution into a 250 cm3 conical flask.

2. In another 250 cm3 conical flask place 25 cm3 of 1M propanone and 25 cm3 of 1M sulfuric acid.

3. Place 10 cm3 of 0.5M sodium hydrogencarbonate solution into each of two 100 cm3 conical flasks.

4. Prepare a burette with 0.0100M sodium thiosulphate solution.

5. Add the contents of one of the large conical flasks to the other whilst simultaneously starting a stop clock. Shake the flask for around one minute.

6. Use a pipette and pipette filler to take out 10 cm3 of the reaction mixture and add it to one of the flasks containing sodium hydrogencarbonate solution. Note down the time when the mixture has been half-added to the flask. Shake the flask to mix the contents – you should see some effervescence.

7. Now titrate the contents of the flask using the sodium thiosulphate solution from the burette. Add a few drops of starch indicator when the colour of the contents is pale yellow. The end-point is when the blue-black solution becomes colourless.

8. Repeat steps 6 and 7 at intervals of between five and ten minutes until you have at least five results. You should see the titre values decrease as the iodine is used up in the reaction. You will have to clean out and refill the small conical flasks with sodium hydrogencarbonate solution.

9. Plot a graph of titre (on the vertical axis) against time (on the horizontal axis). Remember to label the axes and choose sensible scales that use at least half of the graph space in both directions. You should be able to deduce the order of the reaction with respect to the iodine from this graph
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Method 2 – the method of initial rates

In this method we do four separate reactions in which we change the various reactant concentrations and then see what affect this has on the rate of reaction of the iodine. We do this by timing how long it takes for the colour of the iodine to disappear in each case.

· Label four 100 cm3 conical flasks A, B, C and D and add the following volumes of solutions to them:

	
	A
	B
	C
	D

	2M HCl (cm3)
	20
	10
	20
	20

	2M propanone (cm3)
	8
	8
	4
	8

	Distilled water (cm3)
	0
	10
	4
	2


The distilled water gives the same total volume in each case so that the volumes used will be proportional to the concentrations of the various solutions in the different experiments.

· Measure 4 cm3 of 0.01M iodine solution into 3 test tubes marked a, b and c. Put 2 cm3 into a test tube marked d.

· Place flask A on a white tile and add the contents of test tube a to it. Start a stop clock and swirl the mixture to mix it. Time how long it takes for the iodine colour to disappear.

· Repeat this procedure with flasks B (with test tube b), C (with c) and D (with d).

· Work out the rate of reaction in cm3s-1 by dividing the volume of iodine solution used by the time:

	
	A
	B
	C
	D

	0.01M iodine (cm3)
	4
	2
	2
	2

	Time (s)
	
	
	
	

	Rate  (cm3s-1)
	
	
	
	


· Choose two of the experiments, and by considering the effect on the rate of changing just one reactant concentration, work out the order of reaction with respect to this reactant. Repeat this process for the other two reactants and construct the rate equation for this reaction.
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