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Biology 160 Lab Module 2
Water Chemistry
Introduction

Water is essential for life.   The effort that NASA is expending to try to find evidence of water in extraterrestrial locations (http://www.nasa.gov/missions/solarsystem/Why_We_12.html) is proof of the central biological importance that scientists place in water.  But why is water so important?  What are the properties of water that make it essential for life?
Learning Outcomes
Upon successful completion of this lab, you should be able to demonstrate:

1. The ability to describe the molecular structure of water;

2. An understanding of the molecular interactions between water molecules;
3. An understanding of the molecular interactions between water molecules and salt;

4. The ability to use solvency as a means of determining the polarity of a substance.
PRELIMINARY ACTIVITY:

The Structure of Water (H2O)
1. Name the chemical bonds between the oxygen and hydrogen atoms within a water molecule:  

2. Draw a water molecule and label the areas of partial positive (δ+) and partial negative charges (δ‒):
3. Explain why partial charges form within a water molecule?
STUDENT ACTIVITIES:
Work with a team of 3 to 4 students to conduct the following activities. Follow the instructions to illustrate the properties of water defined below.
Materials:
· “3-D Molecular Designs” Water Kit
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Activity 1.
MOLECULAR STRUCTURE OF WATER
Procedure:
1. Separate the water molecules so that none are magnetically attached.
·  What color represents oxygen? 

·  What color represents hydrogen?  

2.   Hold two molecules and attempt to attach them between the red areas; repeat for the white areas. Why is it impossible to attach RED to RED atoms or WHITE to WHITE atoms?
3.   Hold two water molecules together between the red area and white area – note the interaction. Name the intermolecular chemical bond between water molecules
ACTIVITY 2.  WATER MOLECULES & SALT
The green magnetic ball represents a chloride ion (Cl) and the blue is a sodium ion (Na). In solid salt, they are bonded together because they occur as ions (charged atoms where number of electrons≠number of protons).  The type of bond between Na and Cl is 

Procedure:
Use multiple water molecules to see which areas are attracted to the chloride ion, and which to the sodium.
1. Draw the ions interacting with water, and explain your results in terms of water and its partial charges:
2. Label the chlorine and sodium symbols below with either a (+) or (-) based on your results:
Na
Cl
ACTIVITY 3.  WATER MOLECULES & OTHER POLAR MOLECULES
Several atoms covalently bonded together may exhibit regions with partial charges.  These are known as polar molecules.
1.
Find the ethanol (CH3CH2OH) molecule from your kit and label the three distinct regions of the molecule on the image below:  CH3, CH2, OH
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2. Using multiple water molecules, circle Yes or No depending whether they are attracted to any of these three major parts of the molecule:
	a.
	CH3:
	YES
	NO

	b.
	CH2:
	YES
	NO

	c.
	OH:
	YES
	NO


3.  Circle whether each region is polar or nonpolar based on your answers for #2 above:

	a.
	CH3:
	POLAR
	NONPOLAR

	b.
	CH2:
	POLAR
	NONPOLAR

	c.
	OH:
	POLAR
	NONPOLAR


ACTIVITY 4.  POLAR AND NONPOLAR SUBSTANCES
Salts (such as NaCl) are ionic compounds; their two ions are held together by ionic bonds. Sugars are polar molecules that often form solid crystals.  Vegetable oil is a type of lipid, a nonpolar molecule. In this experiment, we will examine how the solutes: salt and sugar, interact with two different solvents: water and oil.
Materials:
· Sugar
· Salt (NaCl)
· Water

· Oil

· Food coloring dye

· Parafilm

Procedure 1: Salt and Sugar in Water and in Oil
1. Fill two test tubes halfway with water, and two test tubes halfway with oil.
2. Place a pinch of sugar into one water test tube, and the same amount of sugar in one tube with oil. Cover with parafilm and invert several times.
a. Does the sugar dissolve in the water?  

b. Does the sugar dissolve in the oil?  

3. Using the other water and oil test tubes, place a pinch of salt into each tube; cover with parafilm and invert several times.
a. Does the salt dissolve in the water?  

b. Does the salt dissolve in the oil?  

4. Based on your results, salt and sugar are
(NONPOLAR OR POLAR).

Procedure 2: Testing an Unknown (Food Dye)
1. Fill one test tube halfway with water, then slowly add oil almost to the top. Cover with parafilm and invert several times.
a. Do the two substances mix?
b. What happens after you have stopped mixing the test tube?
2. Formulate a hypothesis as to what will happen if you add a few drops of food dye: Will it mix with the oil only? The water only? With both?
3. Test your hypothesis:  Add a few drops of food coloring, cover with parafilm, and invert several times.  Place the test tube in your test tube rack and describe what happens over the next several minutes.
4. Was your hypothesis correct? (YES/NO) ___________.  The food coloring dye is _________________(POLAR OR NONPOLAR)?
Procedure 3:  Clean up

1. Remove the parafilm from your test tubes; throw parafilm into the trash.  

2. Pour the contents of your test tubes into the sink and rinse test tubes thoroughly!
3. Place test tubes upside-down in rack.

4. Use paper towels to wipe up any salt, sugar, spills, etc.

QUESTIONS FOR THOUGHT

1.
Activity 1 showed us that water molecules stick to one another (called cohesion) through hydrogen bonding.  How do plants make use of this cohesiveness to transport water all the way up to the leaves (even 300 feet above ground for California Redwood trees!)?

2.
Activity 2 showed us that water molecules can stick to sodium and chloride ions (called adhesion).  How does this relate to the common observation that people float really well in the Dead Sea and the Great Salt Lake?

3.
Glucose is transported throughout the body dissolved in blood.  What does this say about the molecular properties of glucose?  Is it polar or nonpolar?
4.
Activity 4 says the lipids are nonpolar.  How are lipids (like cholesterol) transported throughout the human body?


