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A reaction that speeds itself up

This Project Page introduces you to two rather curious aspects of reaction kinetics. The first is an unusual example of catalysis. You will already be familiar with the idea of adding a catalyst to a reaction mixture to make it go faster. Some reactions don't need your help. They produce a catalyst during the reaction and so automatically speed themselves up. They are known as autocatalytic reactions. The second aspect concerns some molecules with unusual shapes. They are called crown ethers because they have a zigzag circular shape like a crown. Due to this shape, crown ether molecules are able to trap and hold metal ions that are the right size, within the crown. You can use the reaction between manganate(VII) ions and ethanedioic acid to investigate an autocatalytic reaction and the effect of a crown ether upon it.

The reaction between manganate(VII) ions and ethanedioic acid

Potassium manganate(VIl) will oxidise ethanedioic acid to carbon dioxide and water in the presence of an excess of hydrogen ions.

2MnO4−aq) + 6H+(aq) + 5(CO2H)2(aq)   (  2Mn2+(aq) + 10CO2(g) + 8H20(l)
Following the reaction

You can follow the progress of this reaction in two ways. One way is to mix known amounts of ethanedioic acid and potassium manganate(VII) solutions and remove portions of this mixture at various time intervals using a pipette or syringe and run them into potassium iodide solution (see Box 1 for details). The manganate(VII) ions left in the reaction mixture immediately oxidise the iodide ions to iodine so they can no longer react with the ethanedioic acid. The reaction between manganate(VII) and ethanedioic acid has been stopped.

MnO4−(aq)  +  5I−(aq)  +  8H+(aq)  (  Mn2+(aq)  +  2½ I2(aq)  +  4H2O(l)

The amount of iodine produced is a measure of how much manganate(VII) was left in the reaction mixture when the reaction was stopped. You can find this out by titrating the mixture with sodium thiosulfate solution.

I2(aq) + 2S2O32-(aq)   →  2I–(aq) + S4O62-(aq)

Another way of following the progress of the reaction is to use a colorimeter (see Box 1 for details). We can do this because the absorption of light by mixture depends on the intensity of the purple colour which in turn depends on the concentration of manganate(Vll) ions. If your colorimeter gives you a choice of filters to use you will have to decide which one is best to measure the absorption of light by a purple solution.
If you can choose a specific wavelength to work at, it will help you to know that manganate(Vll) ions have a strong absorption peak at 526 nm. You can use your meter reading as a measure of the concentration of manganate(Vll) ions. However, you may wish to construct a calibration curve for your colorimeter using known concentrations of potassium manganate(Vll) so that you can convert your meter reading into the concentration of manganate(Vll) it represents.

An autocatalytic reaction

Whichever method you use, you will be able to draw a graph showing how the concentration of manganate(VII) ions changes over time. You will probably see that the shape of the curve is different from the typical concentration/time graph that you have met for most reactions. This is because one of the products of the reaction, Mn2+ ions, acts as a catalyst. The reaction between manganate(Vll) ions and ethanedioic acid is an example of an autocatalytic reaction; it generates its own catalyst.

[image: image1.jpg]Figure 1 Models showing the structure of 18-crown-6.






“This must be what the reactants feel like in an autocatalytic reaction when it starts to speed up...”
You can explore the effect of Mn2+ ions on the rate of reaction by adding some manganese(II) sulfate solution to the reaction mixture so that some catalyst is present from the start. Your concentration/time graph should look different. Can you explain why? As well as interpreting the difference in the shape of the graphs, you should also be able to quantify the difference in reaction rate that the presence of Mn2+ ions makes. Does the amount of manganese(ll) sulfate that you add make any difference? Does it matter whether you add the manganese(ll) sulfate to the ethanedioic acid/sulfuric acid mixture or the manganate(Vll) solution? Does it make any difference if you delay the start of the reaction after adding the manganese(ll) sulfate to one part of the mixture?

The catalytic effect of Mn2+ ions is said to be inhibited by the presence of fluoride ions. Can you devise a way, using sodium fluoride solution, of checking this claim? Can the effect be quantified?

Crown ethers

Crown ethers are organic molecules that contain -CH2-CH2-O- sections arranged in a ring (hence the name crown). They are named to indicate how many carbon and oxygen atoms they contain. 18-crown-6, for example, contains 12 carbon and 6 oxygen atoms (see Figure 1). Crown ethers can act as monocyclic ligands by forming complexes with metal ions. They capture the ions within their central cavity using electrostatic attractions. It has been found that a crown ether such as 18-crown-6 can affect the rate of the reaction between manganate(Vll) ions and ethanedioic acid because its central cavity matches the size of the Mn2+ ion. You can explore this effect by adding a crown ether to your reaction mixture (see Box 1 for details).

	Box 1     Methods

	Titration method: Mix 100 cm3 of 0.2 mol dm-3 ethanedioic acid with 5 cm3 of 2.0 mol dm-3 sulfuric acid and 95 cm3 water. Add 50 cm3 of 0.02 mol dm-3 potassium manganate(VII) and start timing. Run 10 cm3 portions of the reaction mixture into 10 cm3 of 0.1 mol dm-3 potassium iodide solution. Titrate the liberated iodine with 0.01 mol dm-3 sodium thiosulfate solution, adding a little starch solution just before the end point. To investigate the effect of an autocatalyst, use 0.2 mol dm-3 manganese(II) sulfate solution. 

	Colorimetric method: Mix 10 cm3 of 0.1 mol dm-3 ethanedioic acid with 10 cm3 of 1.0 mol dm-3 sulfuric acid. Add 10 cm3 0.001 mol dm-3 potassium manganate(VII) solution, start timing and place in a colorimeter.

	Effect of crown ethers: Use 4.00 x 10-3 mol dm-3 potassium manganate(VII) made up in 4.00 mol dm-3 sulfuric acid, 4.00 x 10-2 mol dm-3 ethanedioic acid and 0.1 mol dm-3 crown ether. Compare a mixture of 0.5 cm3 ethanedioic acid, 1.5 cm3 water and 1.0 cm3 manganate(VII) solution with a mixture containing 0.5 cm3 ethanedioic acid, 0.5 cm3 water, 1.0 cm3 manganate(VII) and 1.0 cm3 crown ether solution, or use larger volumes keeping the ratios of the solutions the same.  
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