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Reinforcement Worksheet – Properties of Water

KEY CONCEPT: Water’s unique properties allow life to exist on Earth.

Directions: review the content below that should follow the Cornell notes you took for the other night’s homework as well as reinforce some concepts we discussed in class.  Insert your cursor in the space below the question and type your answer in a different color.
The structure of the water molecule gives water unique properties.  Water is a polar molecule, which means that it has a region with a slight negative charge (the oxygen atom), and a region with a slight positive charge (the hydrogen atoms). The oppositely charged regions of water molecules interact to form hydrogen bonds. A hydrogen bond is an attraction between a slightly positive hydrogen atom and a slightly negative atom. Hydrogen bonds are responsible for several important properties of water.

High specific heat: Water resists changes in temperature; it must absorb a large amount of heat energy to increase in temperature.

High heat of vaporization: Water requires a large amount of energy in order to be transformed from a liquid into a gas.  The body heats sweat to surface temperature and once the proper amount of energy is reached, it will evaporate and cool the skin.  Called evaporative cooling.
Cohesion:  The attraction among molecules of a substance is called cohesion. Cohesion due to hydrogen bonds makes water molecules “stick” together.

Adhesion:  The attraction among molecules of different substances is called adhesion. Water molecules “stick” to many other materials because of hydrogen bonds.

Capillary action: The use of cohesion and adhesion in order to get water from the roots to the leaves. 

Polar compound: Water has a polar nature to its structure.  This property is responsible for many of the properties and capabilities that water exhibits.

Universal solvent: Water has a great ability to dissolve other polar substances.

Less dense as a solid: Due to the crystalline (crystal-like) structure of ice, the molecules of water are spread further apart than when in liquid form; thus, the same volume of water will expand when it freezes and take up more space.  

Many compounds that are important for life dissolve in water.  Water is the largest component of cells’ interiors, and chemical reactions in the cell take place in this water. When one substance dissolves in another, a solution is formed. The substance present in the greatest amount is called the solvent.  Substances that are present in lower amounts and dissolve in the solvent are called solutes.  Polar solvents, such as water, dissolve polar molecules and ions.

When some substances dissolve in water they break up into ions.  A compound that releases a hydrogen ion (a proton) when it dissolves in water is an acid.  Bases are compounds that remove, or accept, hydrogen ions. A solution’s acidity, or its hydrogen ion concentration, is measured on the pH scale.  An acid has a low pH (pH below 7) and a high hydrogen ion concentration. A base has a high pH (pH above 7) and a low hydrogen ion concentration. Organisms must maintain a stable pH. Even a small change in pH can disrupt many biological processes.
1. Copy and paste a molecule of water below, make certain that it includes the partial charges.
2. What is the cause for the partial charges you’ve indicated in your diagram?
3. What enables neighboring water molecules to hydrogen bond with each other?
4. Copy and paste a diagram of hydrogen bonds between at least three water molecules.
5. Why is water considered a universal solvent? What does polarity have to do with this?

6. What does hydrophobic and hydrophilic mean?  Give an example of compound that is hydrophobic and briefly explain why it is hydrophobic.
7. What is the difference between cohesion and adhesion? Give a detailed example of each.

8. How do cohesion and adhesion explain capillary action? What is an example of capillary action in living things?

9. What is specific heat?

10. Why does water have a high specific heat?

11. How does the specific heat (aka heat capacity) of water benefit living things?  Think about how the heat of vaporization can help cool your skin while sweating during exercise.  
12. Why does ice float? What role does hydrogen bonding play in this?

13. Why is it important to living things as well as the planet that ice floats?  Feel free to look up the answer on the internet BUT it must be restated in your own words…
14. When water ionizes, it breaks down to release what 2 ions?  Use the following link to help you understand this concept (which we’ll go over in more detail when we study biochemistry next week).  https://www.youtube.com/watch?v=D1XYc0JlEAY
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15. What is an acid? 
16. What is a base?

17. What is measured by the pH scale?

18. A student measures the pH of two substances. Substance A has a pH 9 and Substance B has a pH of 10.  How would you classify these substances, acidic or basic?  Which is stronger?  How much stronger? 
19. The same student measures the pH of two more substances. Substance C has a pH of 2, while substance D has a pH of 4. Are these substances acids or bases? Which is stronger? How much stronger?

20. Distilled water has a pH of 7. What does this mean?
21. What is a buffer? What do buffers consist of?  Look up this answer on the internet if necessary BUT restate it in your own words.
22. Why do living things need buffers?  What are examples of a buffer that exists in humans and one that exists in the environment (or nature)? 
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