Quasi-crystals

The Nobel Prize in Chemistry, 2011

The Nobel Prize in Chemistry 2011 has been awarded to Dan Shechtman, Israel Institute of Technology, Haifa, Israel, for the discovery of quasicrystals. 

Almost all solid materials, from ice to gold, consist of ordered crystals.  Inside a crystal, atoms are ordered in repeating patterns. So when you observe them under an electron microscope, you will see a uniform diffraction pattern because of the refraction of the electrons with the regularly placed atoms in the crystal.  Moreover, these patterns can have a specific symmetry such as 2-fold, 4-fold, etc. For instance, a square has a 4-fold symmetry because it looks the same when you rotate it through ¼ of a circle, but a rectangle has only a 2-fold symmetry: you need to rotate it by ½ a circle to get back the same view. Researchers in diffraction patterns made by atoms had shown that certain symmetries were not possible.

When Shechtman was studying a mix of aluminum and manganese, the diffraction pattern showed that the atoms inside the metal were packed into an ordered crystal with ten-fold symmetry. This was considered at the time to be impossible. In fact, no-one believed his results for a long time because it questioned the most fundamental understanding of crystals.

The explanation came with developments in mathematics by answering the question: can a mosaic be laid with a limited number of tiles so that the pattern never repeats itself, to create a so-called aperiodic mosaic. Many answers were found and many such mosaics were discovered.

The crystallographer Alan Mackay was curious as to whether atoms, the building blocks of matter, could form aperiodic patterns like the mosaics. He found that he could get a 10-fold symmetry from one of the mosaics called the Penrose mosaic.

Soon physicists Paul Steinhardt and Dov Levine made the connection between the two: a solid that is almost periodic, but not exactly, can give such symmetries. Quasicrystals got their name.

Previously, chemists interpreted regularity in crystals as a periodic and repeating pattern.

A crystal had been defined as “a substance in which the constituent atoms, molecules, or ions are packed in a regularly ordered, repeating three-dimensional pattern”. The new definition after this new understanding in 1972 became “any solid having an essentially discrete diffraction diagram”. Discrete means that it is not continuous. This definition is broader and allows for possible future discoveries of other kinds of crystals.

Since their discovery in 1982, hundreds of quasicrystals have been synthesized in laboratories around the world. They also occur in nature. Quasicrystals have also been found in one of the most durable kinds of steel in the world. This steel is now used in products such as razor blades and thin needles made specifically for eye surgery. Many other uses in applications have been found. But one of the main lessons from this story is that keeping an open mind and daring to question established knowledge may in fact be a scientist's most important character traits.

