19: Ammonium Dichromate ‘Volcano’
Like many unstable and explosive substances ammonium dichromate contains within its own structure both ‘oxidising’ and ‘reducing’ parts. In this case the ammonium ion is capable of being oxidised to water and nitrogen and the dichromate ion is readily reduced to chromium III oxide (dichromate ions contain chromium in the VI oxidation state).

In the 1950-70s small amounts of ammonium dichromate were readily available in toyshops in boxes of ‘indoor fireworks’. A small heap of the orange crystals were placed in a tin-plate dish on a heat-proof surface and the top of the heap ‘ignited with a match. The decomposition, once started, requires no further heating (nor does it require air or oxygen) and takes place according to the equation:

  (NH4)2Cr2O7                        Cr2O3 (s)    +       4H2O (g)       +        N2(g)
The reaction produces lots of sparks and the ‘feathery’ particles of green chromium III oxide are blown upwards by the steam and nitrogen gas that is evolved. In some ways this resembles a volcano (although no liquid products are formed) resulting in a large green cone often with a ‘crater’ in the top.

Risk Assessment (You MUST make your own):

1. Ammonium dichromate is poisonous and can cause dermatitis (and cancer – especially if inhaled.). It should therefore be used with care. All the products of the reaction are relatively harmless, although the dust (any dust) should not be inhaled. (The green chromium III oxide is a useful pigment and can by ‘recycled’ as ‘home made paint’ if mixed with a suitable medium.)

2. The reaction should be carried out in a fume cupboard – and/or possibly under a large transparent container (e.g. a 2 or 5 litre beaker).

3. Work on a smallish scale – using the minimum required to be visible to the audience.

4. The major concern is that some of the ammonium dichromate MAY not decompose and that small crystals will adheres to the chromium oxide powder and blow into the air where they could be breathed in or ingested.

Educational Context

This is an example of a reaction that ‘appears to be combustion’ but does not require air. It can be used to exemplify an exothermic reaction (that needs some considerable ‘activation energy’ to start it. It is often used to ‘model’ a volcano reaction – but this needs to be done critically since little if any of the vast amounts of energy released in volcanic eruptions comes from chemical reactions (I believe?)

N.B. The green chromium III oxide can be used directly in Demonstration 25 to show its ability to catalyse the reaction between ammonia gas and oxygen in the air. If the audience would be appreciative of this it is convenient to use these two demonstrations in the same programme.
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