7. An Oscillating Chemical Reaction:

This provides an interesting experience since chemical reactions are not expected to do this. Indeed some science educators believe quite strongly that such reactions that they don’t fully comprehend* should not be shown to students. Personally, I feel equally strongly that a few things that we know we do not understand are essential to keep the curriculum open and the students ‘wondering’.

The solutions required are:

E
Hydrogen peroxide (50 volumes) CARE

F
Potassium iodate KIO3 (42.8g) + sulphuric acid (160cm3 1.0M) per litre

G
Malonic acid (15.6g) + Manganese II sulphate (4.45g MnSO4.4H O) per litre

H
“Iotect” indicator (Available from VWR International) or a commercially available solid ‘iodine indicator – about 0.2g (alternatively 3% aqueous starch solution may be used, but this is not nearly so satisfactory and is not recommended.)

(Solutions F and G are quite stable when kept in stoppered bottles and can be kept for a year or so without apparent deterioration. It is convenient to make up a stock solution of each of 500cm3 or 1 litre to use as required.)

To operate:

10cm3 each of solutions F and G are placed with about 0.2g of H in a small beaker, which is stirred continuously - most conveniently by a magnetic stirrer.  10cm3 of E is added carefully.

Within one minute the colour of the mixture begins to oscillate between colourless - yellow - brown - deep blue - colourless.  The change to blue is sudden and can be used to time the period of oscillation.

Oscillation period depends upon temperature, dilution, addition of organic solvents and the study of these effects could make interesting projects for older/more able students. (Gasses are given off during the reaction and, in a student project, it was interesting that no oscillation in the rate of evolution of gas could be detected.)

For further details, see Hawkins M D et al “Oscillating Chemical Reactions” Education in Chemistry Vol.12 (5) pp 144-146, September 1975.

An interesting discussion and recipe for a different oscillating reaction (Belousov-Zhabotinskii Reaction) can be found in Chapter 9 (“Clocks and Chaos in Chemistry”) of The New Scientist Guide to Chaos N. Hall (Ed) London, Penguin Books, 1992. There is also an insight into the problems that Belousov had in convincing others that the oscillations were real. Indeed he died before his work was accepted and before he was awarded the Lenin Medal in 1980.

Risk Assessment (You MUST make your own):

The only significant risk associated with this process is the handling of concentrated hydrogen peroxide. The solution is usually made up as required by diluting the commercially available 100vol. Solution. This is a very strong oxidising agent that attacks skin – protective gloves and safety spectacles should be worn whilst handling it. It assists combustion of flammable materials. It can also decompose explosively if it comes into contact with catalysts such as manganese dioxide, iodide ions or potassium manganate VII.

The other solutions are poisonous and mildly irritant.

Educational Context:

These reactions go strongly against the expectations of the ways that ‘normal’ chemical interactions proceed. 

Periodic variations in concentrations of specific chemicals are characteristic and common in living systems. (Heartbeats, Circadian rhythms, Menstrual cycles.) Indeed the requirements for oscillations in a non-living chemical system have two important parallels with living things in that (a) the system is a long way from equilibrium and (b) there is a continuous flow of energy through it.

*I must confess to not having a fully convincing explanation – but perhaps the following simplified and qualitative view will act as a ‘way in’ to a more critical and quantitative explanation.

“I imagine that there are two linked chemical reactions occurring in the beaker. The first produces iodine (I2) and the second consumes it. These can be represented by the following equations:

(a)


A  +  B                                    C  +  I2

(b) 


X  +  I2 


Y  +  Z

(No attempt has been made to represent the actual reactions)

Both reactions are assumed give products that inhibit that reaction but positively catalyse the other– thus C and/or I2 increase the rate of reaction (b) but slow down (a). Similarly Y and/or Z increase the rate of reaction (a) but slow down (b). When the system is first set up presumably the iodine produced is consumed as fast as it is produced so reaction (b) is can be considered to be ‘in front’. The increasing concentrations of Y & Z slow down (b) and speed up (a) and eventually (a) overtakes (b). At this point free iodine is present in the solution and the indicator turns blue-black. However, the effects of the increasing concentrations of C and/or I2 now become dominant causing (a) to slow down and (b) to speed up until when (b) is in front the free iodine disappears and the indicator turns clear. The process continues…….. Eventually the oscillations stop and the solution remains blue-black and crystals of iodine form in the beaker.
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