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Clock reactions

If you choose a project that explores the kinetics of a chemical reaction you will need a way of measuring the rate of the reaction. Clock reactions provide an interesting way of doing this for some systems.

In a typical reaction the first part of a graph showing the concentration of product against time is approximately a straight line (see Figure 1). If you choose any value of concentration that lies on this straight line (say c1) the initial rate of reaction can be found by dividing this concentration by the time taken to reach it (t1).
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Figure 1

If you measure the time taken for the same concentration to be reached in a series of reactions, you will be finding the time for the same amount of product to be formed for each reaction. The shorter the time, the faster the reaction is occurring. You can therefore take 1/t as a relative measure of the initial rate of reaction.

The trick, of course, is knowing when the fixed amount of product has been formed. The following examples illustrate how this can be done.

Appearing blue

There are a number of so called 'iodine clock' reactions in which molecular iodine is one of the products. Probably the most famous of these is the reaction involving hydrogen peroxide and iodide ions in acid solution:

H2O2  +  2I–  +  2H+   →   I2  +  2H2O

The kinetics of this reaction were first investigated by Vernon Harcourt and William Essen, and the reaction is still referred to as the Harcourt-Essen reaction. In your project you will need to add the same, fixed amount of sodium thiosulphate solution together with a little starch solution to your reactants in each experiment. The molecular iodine produced by the main reaction between hydrogen peroxide, iodide and acid immediately reacts with the thiosulphate ions:

I2  +  2S2O32–-   →   S4O62–  +  2I–

When all of the thiosulphate has been used up, the iodine accumulates in the solution and reacts with the starch to give a distinctive blue-black colour. The time from mixing the reactants to the appearance of the blue colour is therefore the time for a fixed amount of iodine to be formed. The appearance of the blue colour is like a motor race chequered flag; it tells when a particular amount of product has been formed however long it takes for this to happen. You can simply use 1/t as a measure of the rate of reaction.

Now that you have a method of monitoring the rate of reaction you can look at how different factors affect it. You could separately change the concentrations of each reactant, you could try the experiment at different temperatures or investigate the effects of a catalyst such as ammonium molybdate(VI).

Another iodine clock reaction is that between peroxydisulphate(VI) and iodide ions:

S2O82–  +  2I–    →    2SO42–  +  I2

Again, the same, small, fixed amount of thiosulphate ions and some starch solution are added to the reaction mixture in each experiment. If you measure the time from mixing to appearance of the blue-black starch-iodine complex you can again use 1/t as your initial reaction rate. As well as looking at the effects on the rate of changing concentrations and ternperature, you might like to explore which d block ions catalyse the reaction. When you first learnt about catalysts you might have been told that the amount of catalyst does not matter. Does it matter in this reaction?

Disappearing pink

The next example is a ‘bromine clock’ reaction. You can use it to explore the kinetics of the reaction between bromide and bromate(V) ions in acid solution:

5Br–   +   BrO3–    +   6H+    →     3Br2   +   3H2O

The time you will need to add a small amount of phenol solution and methyl orange solution to the reaction mixture. Molecular bromine produced in the main reaction reacts instantly with the phenol to form 2,4,6-tribromophenol:
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As soon as the main reaction has produced sufficient bromine to react with the fixed amount of phenol, free bromine will appear in the solution. This bromine will immediately bleach the methyl orange solution:

Br2    +    methyl orange       →       bleached methyl orange     +    2Br–

   pink (acid form)                          (colourless) 

The disappearance of the pink colour tells you that the fixed amount of product has been formed by the main reaction. 1/t is again a measure of the initial rate of reaction, and you can use it to investigate the effects of changing concentration and temperature.

Disappearing blue

You can use a slightly different type of clock reaction to investigate aspects of the hydrolysis of 2-X-2-methylpropane where X is chloro, bromo or iodo. These organic halogen compounds react with sodium hydroxide solution:
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If only a fraction, say 10%, of the hydroxide ions needed to react with all the halogen compound are added, the pH will fall as they are used up. If we have an indicator present, such as bromophenol blue, it would change colour when the pH drops to a particular value. The time taken from adding the sodium hydroxide solution to the colour change is the time for a fixed amount of the halogen compound to react. The experiment can be repeated using twice, three times, etc. as much of the sodium hydroxide solution with the same amount of organic halogen compound. You can then plot a graph of the percentage hydrolysis against time. The slope of the straight part of the graph is the initial rate of the reaction. You could use this approach to compare the hydrolysis of the chloro, bromo and iodo compounds. To investigate the systems further you could find out how they are affected by temperature or by the nature of the solvent in which the organic halogen compound is dissolved.

Practical details

Suitable reaction mixtures which you could modify to investigate the four treactions are as follows:

Hydrogen peroxide/iodide/acid reaction (Harcourt-Essen reaction)

•  10 cm3 1 mol dm-3 sulphuric acid

•  25 cm3 0.1 mol dm-3 potassium iodide

•  5 cm3 0.1 mol dm-3 hydrogen peroxide (this is approximately a ‘1 volume’ solution)

• 10 cm3 0.005 mol dm-3 sodium thiosulphate

•  1 cm3 starch solution

Peroxydisulphate(VI)/iodide reaction

•  5 cm3 0.04 mol dm-3 potassium peroxydisulphate(VI)

• 10 cm3 1 mol dm-3 potassium iodide

•  4 cm3 0.01mol dm-3 sodium thiosulphate

•  1 cm3 starch solution 

Bromate(V)/bromide/acid reaction

•  10 cm3 0.005 mol dm-3 potassium bromate(V)

•  10 cm3 0.01 mol dm-3 potassium bromide

•  15 cm3 1 mol dm-3 sulphuric acid

•  5 cm3 0.0001 mol dm-3 phenol

•  3 drops of methyl orange indicator (1 g dm-3)

Hydrolysis of halogenoalkanes

•  3 cm3 0.1 mol dm-3 2-X-2-methylpropane in a solvent such as propanone or methanol/water where  

    X is chloro, bromo or iodo

•  0.3 cm3 0.1 mol dm-3 sodium hydroxide 

•  6.7 cm3 distilled water

•  3 drops bromophenol indicator
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