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Chapter 8

How Water Behaves
THE MAIN IDEA

^ We are made of water, born into a world of water, and then forevermore dependent on water.

Water is exceptional.

Water is so common in our lives that its many unusual 
properties easily escape our notice. Consider, for exam-
ple, that water is the only chemical substance on our 
planet’s surface that can be found abundantly in all three 
phases—solid, liquid, and gas. Another unique property 
of water is its great resistance to any change in tem-
perature. As a result, the water in you moderates your 
body temperature, just as the oceans moderate global 
temperatures. Unlike most other liquids, which freeze 
from the bottom up, liquid water freezes from the top 
down. To the trained eye of a chemist, water is far from a 
usual substance. Rather, it’s downright bizarre and exotic.

Almost all of the amazing properties of water 
are a consequence of the ability of water molecules to 
cling tenaciously to one another by way of electrical 
attractions. In this chapter, we explore the physical 
behavior of water while diving into the details and con-
sequences of the “stickiness” of water molecules. We 
begin by exploring first the physical properties of solid 
water (ice); then those of liquid water; and finally those 
of gaseous water, also known as water vapor.

8.1 Open Structured Crystals
8.2 Melting and Freezing
8.3 The Stickiness of Water
8.4 Liquid and Gaseous Phases
8.5 Water’s Specific Heat
8.6 Phase Changes and Energy 

8.1 Open Structured Crystals

Experience tells us not to place a sealed glass jar of liquid 
water in the freezer, for we know that water expands as it 
freezes. Trapped in the jar, the freezing water expands out-
ward with a force strong enough to shatter the glass into a 
hazardous mess or to pop the lid from the jar, as shown in 
Figure 8.1. This expansion occurs because when the water 
freezes, the water molecules arrange themselves in a six-
sided crystalline structure that contains many open spaces. As 
Figure 8.2 shows, a given number of water molecules in the 
liquid can get relatively close to one another and so occupy 
a certain volume. Water molecules in the crystalline structure 
of ice occupy a greater volume than they do in liquid water, 
however. Consequently, ice is less dense compared to liquid 
water, which is why ice floats in water.

Why does water expand as 
it freezes?
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This property of expanding upon freezing is quite rare. 
The atoms or molecules of most frozen solids pack in such a 
way that the solid phase occupies a smaller volume than in the 
liquid phase (Figure 8.3).

The hexagonal crystalline structure of H2O molecules in 
ice has some interesting effects. Most snowflakes, like the one 

Water expands upon freez-
ing. By how much it expands 
is equal to the volume of ice 
that floats above the water’s 
surface. This would be the tip 
of an iceberg floating in a fresh-
water lake.

FOR YOUR
INFORMATION

C O N C E P T   C H E C K
Are you interpreting correctly the illustration of water’s open crystalline structure shown in Figure 8.2? 
If you are, you’ll be able to answer this question: What’s inside one of the open spaces?
a. air
b. water vapor
c. nothing

CHECK  YOUR  ANSWER    If air were in the spaces, the illustration would have to show the molecules 
that make up air, such as O2 and N2, which are comparable in size to water molecules. Any water 
vapor in the spaces would have to be shown as free-roaming water molecules spaced relatively far 
apart. The open spaces shown here represent nothing but empty space. The answer is c.

Figure 8.1 >
Freezing water expands, which can 
damage the container holding it, be 
it a glass or metal pipe of outdoor 
plumbing.

Figure 8.2 >
Water molecules in the liquid phase 
are arranged more compactly than are 
water molecules in the solid phase, in 
which they form an open crystalline 
structure.
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in Figure 8.4, share a similar hexagonal shape, which is the micro-
scopic consequence of this molecular geometry. Also, applying 
great pressure to ice causes the open spaces to collapse. The result 
is the formation of liquid water. The great weight of a glacier, for 
example, causes the underside of the glacier to melt. With its wet 
underside, the glacier slowly slips down mountains toward the 
ocean, where it spawns icebergs.

Interestingly, ice is covered by a thin film of liquid water even 
at temperatures just below freezing. This is because ice’s hexago-
nal structure requires support in three dimensions. At the surface, 
water molecules find nothing above them to cling to. The hexag-
onal structure at the surface is thus weakened to the point where 
it collapses into a thin film of liquid, which is what makes ice so 
slippery. An ice-skater’s skate glides over this thin film of water, as 
shown in Figure 8.5.

So, what happens when the flat surfaces of two ice cubes 
are held together? The thin liquid films are no longer on a surface. 
Sandwiched between the two ice cubes, this liquid film freezes, 
effectively gluing the two ice cubes together. Lumps of snow are 
similarly “glued” together in the making of a snowball. Of course, if 
the weather is too cold, even the surfaces of the snow crystals are 
solid, which prevents the formation of snowballs no matter how 
hard you press the snow together. Skiers tend to prefer this “dry 
snow” because it behaves more like a powder than a sticky slush. An 
alternative to skiing in super cold weather is skiing at high altitudes, 
where lower atmospheric pressure favors thinner liquid films, and 
hence drier, more powder-like snow.

<  Figure  8.3
Because water expands 
as it freezes, ice is less 
dense compared to 
liquid water and so 
floats in the water. (b) 
Like most other materi-
als, paraffin is denser in 
its solid phase than in its 
liquid phase. Solid par-
affin thus sinks in liquid 
paraffin.

^  Figure 8.4
The six-sided geometry of ice 
crystals gives rise to the six-sided 
structure of snowflakes.

<  Figure  8.5
Ice is slippery because its crys-
talline structure is not easily 
maintained at the surface. The 
pressure applied by the skate 
blade and the heat of friction also 
help the ice skater to glide.


