Name: ____________________________________________ Date: ___________________________ Period: _____

,Part 2 – Properties of Water

A. Why do we study water in AP Biology?
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Water makes up 50-95% of the weight of any living thing.
2. The unique, live-sustaining properties of water result from its polarity.  The bonds between oxygen and hydrogen within the water molecule are covalent, but they are considered polar covalent because the electrons are not shared equally between the two atoms.  Oxygen holds shared electrons more tightly than hydrogen.  As a result, oxygen has a partial negative charge within the water molecule, and hydrogen has a partial positive charge.
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DISSOCIATION OF WATER:
H,0 + H,0 €| H:04 +| OH
H,0 €> |H+ OH-
Hydroniumion  Hydroxide ion
1 out of 554,000,000 water molecules dissociates

At equilibrium in pure water at 25°C
[H+] = [OH-] = 1.0x10"M

If add [H+] to pure water If add [OH-] to pure L
water
Removes OH- Removes H+
Equilibrium shifts left Equilibrium shifts left
[H+] > [OH-] [OH-]>[H+]
reduces H+ indirectly
If add NH3

NH; + H+ > NHg+
Reduces H+ directl I




Oxygen holds shared electrons more tightly than hydrogen because it is more electronegative than hydrogen.  Electronegativity is the tendency of an atom to attract electrons to itself. 

4. Polar molecules tend to attract to one another.  Polar molecules repel non-polar (uncharged / neutral) molecules.  Based on their interactions with water, other polar vs. non-polar molecules have received certain names.

-Hydrophilic molecules = water loving / polar molecules that dissolve in water (ex: sugars, DNA, proteins)

-Hydrophobic molecules = water fearing / nonpolar molecules that tend to cluster in water (ex: fats… remember, oil and water do not mix!... also, the interactions between water and phospholipid molecules, a type of fat, enable cell membranes to form)

B. How does water’s polarity enable hydrogen bonding and water’s ability to act as a solvent?
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As a result of their polarity, water molecules are able to form hydrogen bonds with one another.  The negative oxygen end of one water molecule attracts to the positive hydrogen end of another water molecule because “opposites attract.”

2. Hydrogen bonds can form between any polar molecules in which the hydrogen of one molecule is attracted to a highly electronegative atom (which gives it a slightly negative charge within a polar molecule) such as nitrogen, oxygen, or fluorine.  You can remember the definition of hydrogen bonding as H—NOF.
3. Each water molecule can form a maximum of four hydrogen bonds with four other water molecules
4. A single hydrogen bond is weaker than a single covalent or ionic bond but 
5. Water is known as the universal solvent because it can dissolve other polar or ionic (fully charged) substances to make a solution.  The substance that dissolves (ex: NaCl, table salt) is known as the solute. 
6. When water dissolves salt (NaCl), Na+ and Cl- split apart.  The negative oxygen ends of water molecules surround the Na+ (because opposites attract) and the positive hydrogen ends of water molecules surround the Cl-.  Once the Na+ and Cl- are isolated from each other and are no longer able to form the compound NaCl, we say that the salt has dissolved in the water.
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C. How does water’s ability to form hydrogen bonds cause other unique properties?
1. Due to hydrogen bonding between water molecules, they display cohesion (molecules sticking to identical molecules) 

2. Cohesion makes water act as if it has an invisible skin and causes surface tension (how difficult it is to break the surface of water)
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Examples of Cohesion and Surface Tension: Water droplets bead up, water strider insects can “walk on water” by spreading their weight and using the surface tension of the water

4. Due to water’s polarity and its ability to form hydrogen bonds, water molecules display adhesion (molecules sticking to other types of molecules) with other polar or charged substances

5. Examples of Adhesion: water forms a meniscus (dip) in a graduated cylinder because the water molecules closest to the sides of the tube are attracted to the glass and are pulled up

6. Cohesion and Adhesion of water molecules causes capillary action, the ability of water to move through a narrow passageway.  
[image: image5.jpg]


-Adhesion occurs between the water molecules and the sides of the passageway / tube. This pulls the water molecules closest to the sides of the tube up.

-Cohesion occurs between the water molecules closest to the sides of the tube and the water molecules towards the center of the tube that do not have contact with the sides of the tube.  This pulls the water molecules towards the center of the tube up as well.
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7.   As water cools and freezes to form ice, the movement of water molecules slows down, which allows more hydrogen bonds to form between water molecules and pushes them farther apart.  This makes ice less dense than liquid water.  Since ice floats on the surface of a lake or pond, it insulates the water in the pond and prevents it from being exposed to the cold air.  This protects organisms in aquatic ecosystems over the winter. 

8.  Because hydrogen bonds must be broken to raise the temperature of water and create more movement / kinetic energy between the water molecules, water has a very high specific heat (the amount of energy required to raise the temperature of 1 gram of a substance 1 degree Celsius).  
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Note: Heat capacity is a more general term for specific heat and refers to the amount of energy required to change the temperature of a substance by a particular amount.
9.  Due to its high specific heat, water also has a high heat of vaporization, the energy required to change liquid water to a gas (water vapor).  When water undergoes a phase change (ex: liquid to gas), no temperature change occurs.   


Note: Vaporization, or the transformation of a substance from a liquid to a gas, is also known as evaporation.


Evaporation of water produces a cooling effect, so some organisms sweat / pant to cool off.  This process is known as evaporative cooling.
D. What is the pH of water?
1. The pH scale measures how acidic or basic a substance is.  It runs from 0-14 and measures the hydrogen ion (H+) concentration of a substance.  A substance is considered neutral at pH 7.  

2. Each difference in one pH unit represents a 10X difference in the H+ concentration (ex: pH 2 has 1000 times more H+ ions than a pH 5)

3. An acid is a substance that has a high amount of H+ ions and a low amount of OH- ions (pH less than 7)

Note: OH- is the hydroxide ion.
4. A base (alkaline) is a substance that has a high amount of OH- ions and a low amount of H+ ions (pH greater than 7)

5. There are two equations used to compare pH and H+ and OH- concentrations.  Brackets around an ion—ex: [H+]—signify the concentration of that ion.

6. Equation #1: pH = -log10[H+]

Example: if [H+] = 1 x 10-7, then pH = 7

7. Equation #2: [H+] x [OH-] = 10-14
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Example: if [H+] = 1 x 10-9, then [OH-] = 10-5
8. Water molecules occasionally dissociate (come apart and form charged ions).  When this occurs, one water molecule may dissociate into H+ and OH-, or two water molecules will dissociate into H3O+ (hydronium ion) and OH-

9. Only 1 of every 554,000,000 water molecules dissociates in pure water at 25 degrees Celsius.

10. In pure water, [H+] = [OH-] = 1.0 x 10-7 M, which means pH = 7 (neutral)

E. How do our bodies maintain constant pH levels?
1. One example of a mechanism for maintaining acid-base balance in the blood involves the carbonic acid-bicarbonate buffer system.

2. Buffers are weak acids or bases that act by combining reversibly with H+.  They can donate H+ to solutions when concentrations fall and remove H+ from solutions when concentrations increase.  Because they minimize changes in the concentrations of H+ and OH-, they counteract major changes in pH.  Buffer systems are one way that the body attempts to maintain homeostasis (stable internal conditions).
3. The carbonic acid-bicarbonate buffer system maintains blood pH between 7.38 and 7.42.  The system involves the use of HCO3- (bicarbonate, a weak base and H+ acceptor) and H2CO3 (carbonic acid, a weak acid and H+ donor) to minimize changes in blood pH.

H2CO3 ← → HCO3- + H+
4. If the H+ concentration in the blood begins to fall (that is, if pH rises), the reaction “shifts” to the right and more carbonic acid dissociates, creating more H+ and lowering the pH.
5. If the H+ concentration in the blood begins to rise (that is, if pH falls), the reaction “shifts” to the left and bicarbonate combines with excess H+ to form carbonic acid.  This removes the excess H+ and raises the pH.


