The Structure of Materials

What we mean by the ‘structure of materials’ is the Atomic or molecular structure of the materials. How the molecules of the material are put together determines how the material behaves – like how you put the players of a football team together determines how the team plays (442, 451, 343, 1441, 4321 etc)

How the molecules are put together determines how they move together.

In a METAL the molecules are all the same and are arranged close together in neat rows. What does this mean?

Close together – it takes a lot of force to pull the molecules apart – so it’s strong, and when you let go, the molecules snap back to where they started – ELASTIC.

All the same in neat rows – the molecules can slide past one another into ‘the next position along’ and everything looks the same except the metal has actually stretched by a small amount – PLASTIC
In a CERAMIC we have a mixture of molecules that could be arranged in neat rows – meaning that it takes a lot of force to pull them apart – so it’s STRONG -  and when you let go it snaps to where you started from – ELASTIC. But because of the different molecules they cannot slide past one another, the different molecules get jammed, so the material is not at all PLASTIC and if you really try to bend or stretch it, it just breaks – BRITTLE.

GLASS is a different sort of ceramic where the molecules are not arranged in a neat fashion but in a disordered pattern. This means you cannot move any of the molecules without breaking some bonds somewhere – so the whole structure is totally immovable – STIFF, HARD. If you force the molecules to move then the bonds just break – BRITTLE.

POLYMERS are very different. They are made of very long chain-like molecules, like spaghetti. And think what spaghetti is like…

Dry spaghetti is hard and brittle, like some plastics are, and if the strands where glued together you would get a quite strong, stiff, hard, but light plastic.

Cooked spaghetti is all curled up, it is elastic if only stretched a little, plastic if stretched a lot – and it can stretch a long way before it falls apart. To start with the stretching would be the strands stretching out, and then it would be the strands sliding past one another so your lump of spaghetti could be stretched out much longer than the length of any individual strand of spaghetti.
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You can find interactive examples, where you can explore how the properties of materials are related to their molecular structure, at the following web-site: 

http://www.geocities.com/fizzsticks2000/sports/materials1.html
Study how the molecules are arranged; try pulling the molecules apart to see what effect it has. 

If the molecules are behaving in this way how would the actual material itself be behaving?

For a PASS you need to be able to say how the molecules are arranged in the different materials.

For a MERIT you need to be able to say how the molecules move in the different materials.

Find attached some sheets of  ‘molecules’ that, once you have studied the interactive web pages, you can cut up and stick down to show how the molecules are arranged and how they move in different materials.

Making your own composite:

Get a sheet of paper and tear it down the middle – how easy was that?

Now get a second sheet of paper and stick a piece of sellotape across the middle. Now try to tear the sheet of paper in half. Not so easy. 

You have created a composite (like fibreglass, which is a mixture of plastic with fibres of glass and so is as flexible as plastic except is harder to break because the glass holds it together, you have made paper with strips of sellotape that has all the properties of paper but is harder to tear, because the sellotape holds it together).
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