Chapter 3

Water and the Fitness of the Environment

Teaching Objectives

The Properties of Water

 1.  With the use of a diagram or diagrams, explain why water molecules are:

a.
polar

b.
capable of hydrogen bonding with four neighboring water molecules

2.  List four characteristics of water that are emergent properties resulting from hydrogen bonding.

3.  Define cohesion and adhesion.  Explain how water’s cohesion and adhesion contribute to the movement of water from the roots to the leaves of a tree.

4.  Distinguish between heat and temperature, using examples to clarify your definitions.

 5.  Explain the following observations by referring to the properties of water:

N Coastal areas have milder climates than adjacent inland areas.

N Ocean temperatures fluctuate much less than air temperatures on land.

N Insects like water striders can walk on the surface of a pond without breaking the surface.

N If you slightly overfill a water glass, the water will form a convex surface above the top of the glass.

N If you place a paper towel so that it touches spilled water, the towel will draw in the water.

N Ice floats on water.

N Humans sweat and dogs pant to cool themselves on hot days.

 6.  Distinguish among a solute, a solvent, and a solution.

 7.  Distinguish between hydrophobic and hydrophilic substances.

 8.  Explain how you would make up a one molar (1M) solution of ethyl alcohol.

The Dissociation of Water Molecules

9.  Name the products of the dissociation of water and give their concentration in pure water.

10.  Define acid, base, and pH.

11.  Explain how acids and bases may directly or indirectly alter the hydrogen ion concentration of a solution.

12.  Using the bicarbonate buffer system as an example, explain how buffers work.

13.  Briefly explain the causes and effects of acid precipitation.

Student Misconceptions

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.

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 and will fail to recognize that frozen water molecules form a crystalline lattice, with each water molecule forming four hydrogen bonds. 

Clarify for students the difference between physical and chemical changes.  An ability to distinguish between these 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.

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 OH2 and H3O1 ions in solution, and the role of buffers.

Key Terms

acid

acid precipitation

adhesion

aqueous solution

base

buffer

calorie (cal)

Celsius scale

cohesion

colloid

evaporative cooling

heat

heat of vaporization

hydration shell

hydrogen ion

hydrophilic

hydrophobic

hydroxide ion

joule (J)

kilocalorie (kcal)

kinetic energy

molarity

mole (mol)

molecular mass

pH

polar molecule

solute

solution

solvent

specific heat

surface tension

temperature  

Word Roots

hydro- 5 water; 
-philos 5 loving; 
-phobos 5 fearing (hydrophilic: having an affinity for water; hydrophobic: having an aversion to water)

kilo- 5 a thousand (kilocalorie: a thousand calories)

