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Chapter 8

How Water Behaves
THE MAIN IDEA

Water is exceptional.

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 

8.6 Phase Changes and Energy 

Any phase change involves the breaking or forming of molec-
ular attractions. The changing of a substance from a solid to a 
liquid to a gas, for example, involves the breaking of molecular 
attractions. Phase changes in this direction therefore require the 
input of energy. Conversely, the changing of a substance from 
a gas to a liquid to a solid involves the forming of molecular 
attractions. Phase changes in this direction therefore result in 
the release of energy. Both these directions are summarized 
in Figure 8.38.

Consider a 1-gram piece of ice at –50°C put on a stove 
to heat. A thermometer in the container reveals a slow increase 
in temperature up to 0°C, as shown in Figure 8.39. At 0°C, the 
temperature stops rising, even though heat is still being added, 
and for now, all the added heat goes into melting the 0°C ice, 
as indicated in Figure 8.40. This process of melting 1 gram of 
ice requires 335 joules. Only when all of the ice has melted does 
the temperature begin to rise again. Then for every 4.184 joules 
absorbed, the water increases its temperature by 1°C until the 
boiling temperature, 100°C, is reached. At 100°C, the tempera-
ture again stops rising even though heat is still being added, 
for now all the added heat is going into evaporating the liquid 
water to water vapor. The water must absorb a stunning 2259 
joules of heat to evaporate all the liquid water. Finally, when all 
the liquid water has become vapor at 100°C, the temperature 
begins to rise once again and continues to rise as long as heat 
is added.

What does the change of a 
substance’s phase involve?

READING CHECK

^  Figure 8.38
Energy changes with change of phase.
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When the phase changes are in the opposite direction, the 
amounts of heat energy shown in Figure 8.39 are the amounts 
released—2259 joules per gram when water vapor condenses to 
liquid water and 335 joules per gram when liquid water turns to 
ice. The processes are reversible.

C O N C E P T   C H E C K
From Figure 8.39, deduce how much energy (in joules) is transferred when 1 gram of
a. water vapor at 100°C condenses to liquid water at 100°C.

b. liquid water at 100°C cools to liquid water at 0°C.

c. liquid water at 0°C freezes to ice at 0°C.

d. water vapor at 100°C turns to ice at 0°C.

CHECK  YOUR  ANSWER    
a. 2259 joules

b. 418 joules

c. 335 joules

d. 3012 joules (2259 joules + 418 joules + 335 joules)

^  Figure 8.39
A graph showing the heat energy 
involved in converting 1 gram of ice 
initially at -50°C to water vapor. The 
horizontal portions of the graph repre-
sent regions of constant temperature.

Figure 8.40 >
Add heat to melting ice and there is 
no change in temperature. The heat 
is consumed in breaking hydrogen 
bonds.
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The amount of heat energy required to change a solid to a 
liquid is called the heat of melting, and the amount of heat energy 
released when a liquid freezes is called the heat of freezing*. Water 
has a heat of melting of +335 joules per gram. The positive sign 
indicates that this is the amount of heat energy that must be added 
to ice to melt it. Water’s heat of freezing is –335 joules per gram. 
The negative sign indicates that this is the amount of heat energy 
that is released from liquid water as it freezes—the same amount 
that was required to melt it.

The amount of heat energy required to change a liquid to 
a gas is called the heat of vaporization. For water, this is +2259 
joules per gram. The amount of heat energy released when a gas 
condenses is called the heat of condensation. For water, this is 
–2259 joules per gram. These values are high relative to the heats 
of vaporization and condensation for most other substances. This is 
due to the large amount of energy required to break the hydrogen 
bonds in the liquid to form the water vapor (heat of vaporization). 
Likewise, there is a large amount of energy released when the 
hydrogen bonds form as the water vapor condenses to the liquid 
(heat of condensation).

*The term heat of fusion is commonly used to indicate either heat of melting or heat of freezing.

C O N C E P T   C H E C K
Can you add heat to ice without melting it?

CHECK  YOUR  ANSWER   A common misconception is that ice cannot have a temperature lower 
than 0°C. In fact, ice can have any temperature below 0°C, down to absolute zero, –273°C. Adding 
heat to ice below 0°C raises its temperature, say, from –200°C to –100°C. As long as its temperature 
stays below 0°C, the ice does not melt.

Although water vapor at 100°C and liquid water at 100°C 
have the same temperature, each gram of the vapor contains an 
additional 2259 joules of potential energy. As the molecules bind 
together to a liquid phase, this 2259 joules per gram is released to 
the surroundings in the form of heat. In other words, the potential 
energy of the far-apart water vapor molecules transforms to heat as 
the molecules get closer together. This is like the potential energy of 
two attracting magnets separated from each other; when released, 
their potential energy is converted first to kinetic energy and then 
to heat as the magnets strike each other.

Water’s high heat of vaporization allows you to briefly touch 
your wetted finger to a hot skillet or hot stove without harm. This is 
because energy that ordinarily would go into burning your finger 
goes instead into changing the phase of the moisture on your finger 
from liquid to vapor. You can judge the hotness of a clothes iron in 
the same way—with a wet finger.

How is the time it takes to warm 
a pot of water connected to the 
consistently warm climate of 
Hawaii?

CONNECTIONS

CHEMICAL
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The firefighters in Figure 8.41 know that certain types of 
flames are best extinguished with a fine mist of water rather than 
a steady stream. The fine mist readily turns to water vapor and 
in doing so quickly absorbs heat energy and cools the burning 
material.

Water’s high heat of vaporization makes walking 
barefooted on red-hot coals more comfortable, as shown 
in Figure 8.42. When your feet are wet, either because they 
are perspiring or because you are stepping off wet grass, 
much of the heat from the coals is absorbed by the water 
and not by your skin. (Firewalking also relies on the fact that 
wood is a poor conductor of heat, even when it is in the form 
of red-hot coals.)

Many of the properties of water we have explored in 
this chapter at the molecular level are nicely summarized in 
the scene shown in Figure 8.43. First, notice that the mas-
sive bear is jumping from floating ice. The ice floats because 
hydrogen bonds hold together the H2O molecules in the ice 
in an open crystalline structure that makes the ice less dense 
than the liquid water. Because so much energy is required 
both to melt ice and to evaporate liquid water, most of the 
Arctic ice remains in the solid phase throughout the year. 
Where the seawater is in contact with the ice, the tempera-
ture is lower than 0°C because salts dissolved in the seawater 
inhibit the formation of ice crystals and thereby lower the 
freezing point of the seawater. The high specific heat of the 

Arctic Ocean beneath the bear moderates the Arctic climate. It 
gets cold in the Arctic in winter, yes, but not as cold as it gets in 
Antarctica, where the specific heat of the mile-thick ice is only half 
that of the liquid water predominating in the Arctic. Covered by 
ice with its much lower specific heat, Antarctica experiences much 
greater extremes in temperature than does the Arctic.

Figure 8.41 >
Water extinguishes a flame by 
absorbing much of the heat the fire 
needs to sustain itself, as well as by 
wetting, which blocks oxygen from 
reaching the burning material.

^  Figure 8.42
Tracy Suchocki walks with wetted 
bare feet across red-hot wood 
coals without harm.
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^  Figure 8.43
Besides color, what remark-
able properties of water can 
you find in this photograph?

In the previous chapter, we focused on the physical behavior 
of molecules and ions in general. In this chapter, the main focus has 
been on the extraordinary physical behavior of water molecules in 
particular. For the next several chapters, we shift our attention to 
the chemical behavior of molecules and ions, which change their 
fundamental identities as they chemically react with one another.


