CHAPTER 3 

WATER AND THE FITNESS OF 

THE ENVIRONMENT

I.
Student misconceptions

1.
For students to understand the emergent properties of water and the importance of these properties to living things, they must fully understand the structure of water and its ability to form hydrogen bonds with neighboring molecules.

2.
Some students may think that water forms hydrogen bonds only in the liquid state. These students will find it difficult to understand the arrangement of water molecules in ice. They will fail to recognize that frozen water molecules form a crystalline lattice, with each water molecule forming four hydrogen bonds. 

3.
Clarify for students the difference between physical and chemical changes. An ability to distinguish between these changes is important in understanding many of the key properties of water, such as its role as a solute and its dissociation to form hydroxide and hydronium ions. 

4.
Many students do not fully understand the exchange of protons between water molecules. An appreciation of water’s dissociation to form hydroxide and hydronium ions is crucial to understanding acid-base relationships, the effects of excess OH- and H3O+ ions in solution, and the role of buffers.

II.
Pre-test to identify student misconceptions prior to addressing the material covered in Chapter 3

1.
Dogs can cool themselves by panting because of:

a.
Water’s high surface tension

b.
The response of water molecules to changes in atmospheric pressure

c.
Adhesion of water molecules to other kinds of molecules

d.
The formation of covalent bonds between water molecules

e.
Water’s high heat of vaporization

2.
A paper towel can pick up a puddle of water because of:

a.
Water’s high surface tension

b.
The response of water molecules to changes in atmospheric pressure

c.
Adhesion of water molecules to other kinds of molecules

d.
The formation of covalent bonds between water molecules

e.
Water’s high heat of vaporization

3.
A water strider can walk on water because of:

a.
Water’s high surface tension

b.
The response of water molecules to changes in atmospheric pressure

c.
Adhesion of water molecules to other kinds of molecules

d.
The formation of covalent bonds between water molecules

e.
Water’s high heat of vaporization

III.
How can instructors address and correct the misconceptions that students have about water?
1.
Water’s polarity can be illustrated in a simple demonstration. Turn on a tap to run a gentle stream of water. Take a glass rod and rub it on a small piece of fur to give it a static electrical charge. Move the charged rod toward the running water. The stream of water will bend toward the glass rod as a result of the partial charges within each water molecule.
2.
The importance of the properties of water to life on Earth can be illustrated with a number of familiar examples, such as those included in the pre-test questions above.
IV.
Post-test to identify whether students have corrected their misconceptions

Explain the following phenomena:

1.
If you are careful, you can place a thin needle on a water surface and the needle will not sink.

2.
If you place a paper towel so that it touches spilled water, the towel will draw in the water. If you place plastic wrap so that it touches spilled water, it will not draw in the water.

3.
Coastal areas (like San Francisco) are much milder than inland areas.

4.
Ocean temperatures fluctuate much less than temperatures on land.
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