27: Iron gains mass/weight when it burns in air.
This is a very basic demonstration, but a significant one since in everyday experience most fuels seem to lose weight (mass) when they burn. (This is because most fuels contain carbon and/or hydrogen and these form carbon dioxide and water when they combine with oxygen. Both of these disperse into the atmosphere and are not normally observed or collected to be weighed.) Everyday experience therefore tends to support the idea that something is escaping when things burn – as with the ‘phlogiston’ theory. (Since iron burns well to form a solid oxide (according to the equation below) the reaction can be used to show the gain in mass
[image: image1]3Fe  +  2O2                      Fe3O4 
There are many ways of showing the increase in mass – and it may be preferable to allow pupils themselves to explore the burning of metals such as magnesium or iron using an accurate balance and burning the metal in a crucible. However the following demonstration demonstrates qualitatively, quickly and fairly dramatically that the mass increases when iron burns.

The ‘balance’ can be made from a strip of wood about 90-100cm long and 1cm square cross section. Holes are drilled close to each end and about 20-25cm from one end to enable stiff copper wire to be inserted through the bar. (Wire about 1mm diameter works fine.) Fashion fairly large hooks from copper wire that has been inserted through the end holes, the one to support a suitable plastic bottle (about200ml) (a copper wire hook through the mouth of the bottle facilitates its attachment to the beam) A loop of copper wire through the third hole so that the beam can swing freely provides both a fulcrum and a means of supporting the balance from a clamp-stand.
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The set-up is shown above and away from draughts if possible. The beam should be suspended fairly high on a stable clamp stand or over the edge of a bench so that it is free to move without touching anything. Carefully cut about 100g of fine grade steel wool from the packet, open it out slightly to form a loose ball and attach it firmly to the long arm of the balance. At this point it MUST be heavy enough to pull down the plastic bottle when it is attached to the short arm of the balance. Carefully add sufficient water to the plastic bottle so that the wood strip balances in a position as near to the horizontal as possible. Place a fire-proof mat or a bucket of water under the ball of steel wool to prevent any falling sparks (or the whole burning ball if you have not attached it securely!) from damaging the bench or the floor.
Set fire to the steel wool using a small flame (or even by touching to ball with both poles of a 9V battery) and observe carefully as the white hot areas of combustion spread through the ball. Initially the rising convection current tends to cause the steel wool side of the balance to rise slightly, but eventually this end of the balance sinks quite convincingly showing that the iron (steel) wool has gained mass as it burned. 
(As the reaction proceeds small pieces of glowing steel-wool/iron oxide do fall off as ‘sparks’ and this will clearly compensate for some of the mass gain.)
Education issues:

The gain in mass/weight when things burn freely in air is crucial evidence against the Phlogiston theory – unless it is possible to conceive of ‘phlogiston’ having negative weight. It is however important to consider the ‘everyday evidence’ mentioned in the first paragraph and show how carbon dioxide and water normally escape into the air invisibly. (It is possible to burn a candle and pass the resultant gases through both an alkali and a drying agent to show the overall gain in mass – but this takes a long time to set-up and perform. To be fully convincing it is necessary to ensure that the air does not contain carbon dioxide or moisture to begin with. Following this through might be a useful project to undertake with motivated and able pupils who would like to check on the evidence. 
Risk assessment: (You MUST make your own)
There are no major hazards in this demonstration provided suitable precautions are taken to avoid fire damage. – and none of the reactants or products are poisonous. Some other issues are addressed below:
· Care must be taken when removing the sample of steel wool. It can easily cut or penetrate the skin leading to painful wounds or splinters. Protective gloves and eye protection should be worn by the demonstrator or technician when setting up or performing the experiment.
· Ensure the steel wool has finished burning before disposing of the solid waste in the bin. (It is safest to soak it in water and wrap in damp paper for disposal.

· Ensure that the stock of steel wool is kept secure and away from possible sources of ignition – including batteries and other electrical sources.
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