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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 

8.3 The Stickiness of Water

In this section, we explore how water molecules in the liquid 
phase interact with one another via cohesive forces, which 
are forces of attraction between molecules of a single sub-
stance. For water, the cohesive forces are hydrogen bonds. We 
also explore how water molecules interact with other polar 
materials, such as glass, through adhesive forces, forces of 
attraction between molecules of two different substances.

Cohesive and adhesive forces involving water are 
dynamic. It is not one set of water molecules, for example, 
that holds a droplet of water to the side of a glass. Rather, the 
billions and billions of molecules in the droplet all take turns 
binding with the glass surface. Keep this in mind as you read 
this section and examine its illustrations, which, although 
informative, are merely freeze-frame depictions.

The Surface of Liquid Water Behaves Like an 
Elastic Film
Gently lay a dry paper clip on the surface of still water. If you’re 
careful enough, the clip will rest on the surface, as shown in 
Figure 8.13. How can this be? Don’t paper clips normally 
sink in water?

First, you should be aware that the paper clip is not 
floating in the water the way a boat floats. Rather, the clip is 
resting on the water surface. A slight depression in the surface 
is caused by the weight of the clip, which pushes down on 
the water much like the weight of a child pushes down on 
a trampoline. This elastic tendency found at the surface of a 
liquid is known as surface tension.

A related concept is viscos-
ity, which is the resistance a 
fluid has to being deformed 
when flowing. In general, the 
stronger the intermolecular 
attractions within a fluid, the 
greater its viscosity. There is 
more hydrogen bonding in 
cold water than in hot water, 
which is why cold water is 
slightly more viscous than 
is hot water.
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Surface tension in water is caused by hydrogen bonds. As 
shown in Figure 8.14, beneath the surface, each water molecule 
is attracted in every direction by neighboring molecules, with the 
result that there is no tendency to be pulled in any preferred direc-
tion. A water molecule on the surface, however, is pulled only by 
neighbors to each side and those below; there is no pull upward. 
The combined effect of these molecular attractions is thus to pull 
the molecule from the surface into the liquid. This tendency to pull 
surface molecules into the liquid causes the surface to become as 
small as possible, which means the surface behaves as if it were 
tightened into an elastic film. Lightweight objects that don’t pierce 
the surface, such as a paper clip, are thus able to rest on the surface.

Surface tension accounts for the spherical shape of liquid 
drops. Raindrops, drops of oil, and falling drops of molten metal 
are all spherical because their surfaces tend to contract and this 
contraction forces each drop into the shape having the least sur-
face area. This is a sphere, the geometric figure that has the least 
surface area for a given volume. In the weightless environment of 
an orbiting space station, a blob of water takes on a spherical shape 
naturally, as is shown in Figure 8.15. Back on the Earth, dewdrops 
on spider webs or drops on the downy leaves of plants are also 
spherical, except for the distortions caused by their weight.

What causes surface 
tension?

READING CHECK

Figure 8.13 >
A paper clip rests on water, pushing the 
surface down slightly but not sinking.

^  Figure 8.14
A molecule at the surface is pulled 
only sideways and downward by 
neighboring molecules. A molecule 
beneath the surface is pulled equally 
in all directions.

Figure 8.15 >
(a) The surface tension in a 
freely falling weightless blob 
of water causes the water to 
take on a spherical shape. (b) 
Small blobs of water rest-
ing on a surface would also 
be spheres if it weren’t for 
the force of gravity, which 
squashes them into beads.
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Surface tension is greater in water than in other 
common liquids because the hydrogen bonds in water 
are relatively strong. The surface tension in water is dra-
matically reduced, however, by the addition of soap or 
detergent. Figure 8.16 shows that soap or detergent mol-
ecules tend to aggregate at the surface of water, with their 
nonpolar tails sticking out away from the water. At the sur-
face, these molecules interfere with the hydrogen bonds 
between neighboring water molecules, thereby reducing 
the surface tension. Get a metal paper clip floating on the 
surface of some water and then carefully touch the water a 
few centimeters away with the corner of a bar of wet soap 
or a dab of liquid detergent. You will be amazed at how 
quickly the surface tension is reduced.

The strong surface tension of water is what prevents it from 
wetting mate- rials that have nonpolar surfaces, such as waxy leaves, 
umbrellas, and freshly polished automobiles. Rather than wetting 
(spreading out evenly), the water beads. This is good if the idea is to 
keep water away. If we want to clean an object, however, the idea is 
to get it as wet as possible. This is another way in which soaps and 
detergents assist in cleaning, as Figure 8.17 illustrates. By destroy-
ing water’s surface tension, soaps and detergents enhance water’s 
ability to wet. The nonpolar grime on dirty fabrics and dishes, for 
example, is then penetrated by the water more rapidly, making 
cleaning more efficient.

Capillary Action—An Interplay of Adhesive and 
Cohesive Forces
Because glass is a polar substance, there are adhesive forces between 
glass and water. These adhesive forces are relatively strong, and the 
many water molecules adjacent to the inner surface of a glass con-
tainer compete to interact with the glass. They do so to the point of 
climbing up the inner surface of the glass above the water surface. 
Take a close look at the tube of colored water in Figure 8.18, and 
you’ll see that the water is curved up the sides of the glass. We call 
the curving of the water’s surface (or the surface of any other liquid) 
at the interface between it and its container a meniscus.

<  Figure  8.16
Soap or detergent mole-
cules align themselves at 
the surface of liquid water 
so that their nonpolar tails 
can escape the polarity of 
the water. This arrange-
ment disrupts the water’s 
surface tension.

^  Figure 8.17
(a) Water beads on a surface 
that is clean and dry. (b) On a 
plate smeared with a thin film 
of detergent, water spreads 
evenly, because the detergent 
has disrupted the water’s surface 
tension.
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Figure 8.19 illustrates what happens 
when a small-diameter glass tube is placed in 
water. (1) Adhesive forces initially cause a rela-
tively steep meniscus. (2) As soon as the meniscus 
forms, the attractive cohesive forces among water 
molecules respond to the steepness by acting to 
minimize the surface area of the meniscus. The 
result is that the water level in the tube rises. (3) 
Adhesive forces will then cause the formation 
of another steep meniscus. (4) This is followed 
by the action of cohesive forces, which cause 
the steep meniscus to be “filled in.” This cycle is 
repeated until the upward adhesive force equals 
the weight of the raised water in the tube. This 
rise of the liquid due to the interplay of adhesive 
and cohesive forces is called capillary action.

In a tube that has a smaller diameter, 
there is a smaller volume and less weight for a 
given height, and the water rises much higher, 
as Figure 8.20 illustrates.

We see capillary action at work in many 
phenomena. If a paintbrush is dipped into water, 

C O N C E P T   C H E C K
An astronaut sticks a narrow glass tube into a blob of floating water while 
in orbit, and the tube fills with water. Why?

CHECK  YOUR  ANSWER   Capillary action causes the water to be drawn 
into the tube. In the freefall environment of an orbiting spacecraft, 
however, there is no downward force to stop this capillary action. As a 
result, the water continues to creep along the inner surface of the tube 
until the tube is filled.

^  Figure 8.18
Adhesive forces between water and glass 
cause water molecules to creep up the 
sides of the glass, forming a meniscus.

^  Figure 8.19
Water is drawn up a narrow glass tube by an interplay of adhesive and cohesive forces.

^  Figure 8.19
Capillary tubes. The smaller 
the diameter of the tube, the 
higher the liquid rises.

the water rises into the narrow spaces between the bristles by cap-
illary action. Hang your hair in the bathtub and water seeps up to 
your scalp the same way. This is how oil moves up a lamp wick and 
how water moves up a bath towel when one end hangs in water. 
Dip one end of a lump of sugar in coffee and the entire lump is 
quickly wet. The capillary action occurring between soil particles 
is important in bringing water to the roots of plants.
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Hot water has less surface tension than cold water does because its faster- moving molecules are 
not bonded as tightly. With its lower surface tension, hot water is more effective at penetrating 
the fabrics of our clothing, which is why so many people choose to wash their clothes with hot 
water. Hot water’s low surface tension also permits the grease of soups to collect in liquidy blobs 
on the surface of soup. When the soup cools, the surface tension of the water increases and the 
grease spreads over the surface of the soup, making the soup taste more “greasy.” Hot soup tastes 
different from cold soup primarily because the surface tension of the water in the soup changes 
with temperature.
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