Impersonating water

Kamal Lodaya, The Institute of Mathematical Sciences, Chennai

(from "H2O" by Philip Ball)

Picture 1 explanation:

A Hydrogen atom has one electron which can bond with an electron in another atom. An oxygen atom has eight electrons, six of which can bond with electrons in other atoms. The other two electrons are in an inner electron shell, held tightly to the nucleus.

In the picture, the body of a figure represents an oxygen atom.  Hands represent hydrogen atoms which have bonded with one electron of the atom. The remaining electrons form two "lone pairs" which are represented by the ankles.

A hydrogen atom in a water molecule is attracted to a lone pair in another molecule, forming a "hydrogen bond" which is represented by a hand grabbing an ankle. This was proposed by Maurice Huggins and Gilbert Lewis in the 1920s and ridiculed by other chemists, but its theory was put on a firm footing by the chemist Linus Pauling in the 1930s, who won the Nobel prize for his work on different kinds of chemical bonds.

So water molecules form a network. Imagine the figures whirling around, dancing from one hand-ankle grab to another !  This makes water a very special liquid.

Picture 2 explanation:

When water freezes, the molecules no longer dance around but form a three-dimensional arrangement (with hands outstretched) that has a hexagonal symmetry, as shown in the picture. The six-fold nature of snowflakes was known more than two thousand years ago, when the Chinese scholar T'ang Chin said, "When water congeals into flowers they must be six-petalled." Why snow forms so many different kinds of snowflakes is still not known.

The picture shows a crystalline structure more open than that of liquid water (because of the outstretched hands) and represents that the density of ice is lower than that of water.

Picture 3 explanation:

Twelve different crystal structures of ice are known. The chemist Percy Bridgman found in 1911 that at a pressure 6500 times that of our atmosphere, the density of ice almost doubles. How this happens is shown in the picture. This form of ice is solid at room temperature, but only if the pressure is kept up. Once we release the pressure, it melts into ordinary water.

