The Nobel Prize in Chemistry 2000

The Royal Swedish Academy of Sciences has awarded

the Nobel Prize in Chemistry for 2000 jointly to

Alan J. Heeger, Alan G. MacDiarmid and Hideki Shirakawa "for the discovery and development of conductive polymers".

Plastics that imitate metals

Plastics are polymers, molecules formed of many identical units bound to each other like pearls in a necklace. For a polymer to be electrically conductive it must "imitate" a metal – the electrons in the bonds must be freely mobile and not bound fast to the atoms. One condition for this is that the polymer consists of alternate single and double bonds, termed conjugated double bonds. Polyacetylene is the simplest possible conjugated polymer. It is obtained by polymerisation of acetylene. 

A surprise with a silver lining...

At the beginning of the 1970s Shirakawa was studying the polymerisation of acetylene. In his reaction vessel polyacetylene appeared in the form of an unremarkable black powder. On one occasion a visiting researcher accidentally added one thousand times more catalyst than usual. Imagine the researchers' surprise when a beautiful silvery film formed on the surface of the liquid in the vessel. The obvious question was: "If the plastic film shines like a metal, can it conduct electricity, too?"

... and a Nobel medal in gold
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Although the polyacetylene film shone like silver, it was not an electrical conductor. Could it perhaps be modified in some way? In the mid-1970s the three Laureates began co-operating to investigate this and results were quick to come. When they caused the films to react with iodine vapour, the conductivity increased by as much as ten million times – a discovery that was eventually to give them a Nobel Prize in Chemistry.

Oxidation with iodine causes the electrons to be jerked out of the polymer, leaving "holes" in the form of positive charges that can move along the chain.

Doping raises molecule performance

By analogy with semiconductor technology one speaks of doping the polymer when it is subjected to oxidation with iodine vapour. The more electrons are removed, the higher the degree of doping and the greater the conductivity.

    While polyacetylene can be persuaded to conduct current as well as many metals do, this material is unfortunately no good for practical use. Its conductivity drops rapidly in contact with air. This has led to the development of more stable, conjugated polymers, e.g. polypyrrol, polyaniline and polytiophene.
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The exciting idea of combining the mouldability and low weight of plastics with the conductivity of metals has prompted intensive development. Since the conductivity can be varied over a very broad area, from poor semi-conductors to metallic-level conductivity, many commercial uses present themselves. Batteries, condensers, anti-static materials and anti-corrosion substances are some examples. 

Light-emitting diodes

Just now the most intensive development is aimed at conjugated polymers in their un-doped, semiconductive state. This is because it was discovered ten years ago that some conjugated polymers exhibit electro-luminescence, they glow when a voltages passes through them. 

     Many applications are predicted for luminescent plastic. We shall soon be seeing the first practical use in light displays in mobile telephones and on information boards. In a few years flat TV screens in luminescent plastic may have become a reality.

Solar cells 

The process giving rise to electro-luminescence can also be "run backwards". Absorption of light creates positive and negative charges that are picked up by the electrodes, providing an electric current. This is the principle of the solar cell. 

    The advantage of plastic is that large, flexible surfaces can be made relatively easily and cheaply. Solar cell plastic could be spread out over large areas and give us environmental friendly electricity in the not-too-distant future.

Questions

(a) Draw the structure of acetylene (Given molecular formula: C2H2)

(b) Give the equation for the polymerization reaction of acetylene. Draw the structure of two repeating units for the polymer.

(c) Explain the term ‘conjugated polymer’.

(d) Give two reasons that scientists suspect polyacetylene would conduct electricity. 

(e) Give two reasons that the ‘conjugated polymers’ can be used in TV screens.

(f) State the potential use of ‘conjugated polymers’ towards ‘energy crisis’.       (10 marks)
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