.. PROPERTIES OF WATER

le 14.1 Thermal Properties of Some Common Substances
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bonds. The tetrahedral angles zive rise to a three-dimensional structure that con-
tains open space. When ice melts, hydrogen bonds break, the ice structure partially
disintegrates, and the molecules become more compactly arranged.

Even liquid water has significant hydrogen bonding. Only about 15% of the
hydrogen bonds are broken when ice melts. We might view the liquid as composed
of icelike clusters in which hycrogen bonds are continually breaking and forming,
so clusters disappear and new ones appear. This is sometimes referred to as the
““flickering cluster’” model of liquid water.

As the temperature rises from 0°C, these clusters tend to break down further,
giving an even more compact liquid. Thus, the density rises (see Figure 14.5).
However, as is normal in any liquid, when the temperature rises, the molecules
begin to move and vibrate fastzr, and the space occupied by the average molecule
increases. For most other liquids this results in a continuous decrease in density
with temperature increase. In water, this normal effect is countered by the density
increase due to breaking of hydrogen bonds, but at 4°C the normal effect begins to

predominate. Water shows a raaximum density at 4°C and becomes less dense at
higher temperatures.

Figure 14.4

The structure of a portion of ice.
Oxygen atoms are represented by
large spheres, hydrogen atoms by
small spheres. Each oxygen atom
is tetrahedrally surrounded by four
hydrogen atoms. Two are close,
giving the H,O molecule. Two are
further away, held by hydrogen
bonding (represented by three
dots). The distribution of hydrogen
atoms in these two positions is
random.




