
Name _____________________     2 The Chemical Basis of Life   Test Date _________
              Study Guide
You must know:  
 The three subatomic particles and their significance.
 The types of bonds, how they form, and their relative strengths.
 The importance of hydrogen binding to the properties of water.
 Four unique properties of water and how each contributes to life on Earth.
 How to interpret the pH scale.
 The importance of buffers in biological systems.
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1. Write the chemical symbol for each of the following elements, and state whether it is used by living things in large, moderate, or 
 trace amounts.

Symbol Amount Element Symbol Amount Element

1.  Magnesium 7.  Carbon

2.  Oxygen 8.  Calcium

3.  Zinc 9.  Phosphorus

4.  Hydrogen 10. Nitrogen

5.  Copper 11.  Sodium

6.  Iodine 12.  Iron

2.  Fill in the table below.  The first one has been done for you.  Review atomic structure and electron arrangement (CD 2A-C.)

Element Symbol Atomic
Number

Mass
Number

Number of
Protons

Number of 
Neutrons

Number of
Electrons

1.  Carbon-12

C 6 12 6 6 6

2.  Nitrogen-14

7 14

3.  Chlorine-35

35 17

4.  Oxygen-16

8

5.  Oxygen-17
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3. The atoms of four elements important to life are diagrammed below. Pay particular attention to their electron shells. Remember that 
 atoms with incomplete outer electron shells participate in chemical reactions that allow them to attain complete outer shells: 2 
 electrons for a hydrogen atom, 8 electrons for most other elements important to life.

 a. Given the information and diagrams above, show how electrons would be transferred between calcium and chlorine atoms to 
 form calcium and chloride ions, which would then attract each other to form calcium chloride, CaC12. (Hint: An atom can gain or 
 lose more than one electron.)  Which atom, calcium or chlorine becomes the cation and which becomes the anion?

 b. Using the information and diagrams above, show how nitrogen could form covalent bonds with several hydrogen atoms, 
 forming a molecule of ammonia. What would be the molecular formula for ammonia? Is this molecule polar or nonpolar?
 
 

 Review ionic and covalent bonds (CD 2D-E.)

4. Review the properties of water by filling in the blanks in the following story and CD 2F-H. 

  When Amy came through the door, she found Liz poised over a glass of water, ready to drop a needle into the glass. Amy 
 asked, "Liz, what are you trying to do?"
  "We're studying the 1__________________ basis of life in my biology class," Liz replied. "I don't believe some of this stuff 
 she's teaching us, so I need to do some experiments to figure it out."
  Liz gently placed the needle on the water surface. "Watch this," she said. The needle rested in a dimple on the surface of the 
 liquid.
  "How did you do that?"
   "I didn't. The water did. Water molecules have a tendency to stick together, which is called 2__________________. The 
 water molecules are stuck together so tightly at the surface that they form a film that can support the weight of the needle. Bugs 
 can walk on it. It's called 3__________________."
  Amy was getting interested. She asked, "So how do the water molecules do it? What's so special about water?"
  Liz explained, "A water molecule is H2O, right? It is made up of one 4__________________ atom and two 
 5__________________ atoms. The atoms stay together because they 6__________________ electrons. This holds them together. 
 A shared pair of electrons forms a chemical bond called a 7__________________ bond between each hydrogen atom and the 
 oxygen atom. Now, if the electrons were shared evenly, the bond would be called a 8_________________ covalent bond. But they 
 are not shared evenly. The oxygen tends to 'hog' the electrons away from the hydrogens. It has a greater attraction for electrons; it 
 is more 9__________________ than hydrogen."
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  "So what does this have to do with floating needles?"
  "Well, because the oxygen atom attracts the electrons more strongly, the shared electrons are closer to the oxygen than to the 
 hydrogens, giving the oxygen a slight 10__________________ charge. Because the electrons are pulled away from the protons in 
 the nuclei of the hydrogen atoms, the hydrogens are left with slight 11__________________ charges. So the bonding electrons are 
 shared unevenly, producing a 12__________________ covalent bond between each hydrogen atom and the oxygen atom. In fact, 
 the whole water molecule is polar, even though the molecule as a whole is electrically 13__________________.
  Amy was getting impatient. "So what does that have to do with surface tension? And what's the biology connection?"
  Liz went on, "Well, it is their polarity that causes water molecules to stick together. The 14__________________ charged 
 oxygen of one water molecule is attracted to the 15__________________ charged hydrogens of other water molecules. These 
 special bonds between water molecules are called 16__________________ bonds. These bonds form a network at the water's 
 surface, creating surface tension strong enough to support the needle. Each water molecule is connected to 
 17__________________ others. Hydrogen bonds give water some other peculiar properties. For example, water is the only 
 common substance on earth that naturally exists in all three states of matter-18__________________, 19__________________, 
 and 20__________________.  And lots of things will dissolve in water; it is a versatile 21__________________. Blood plasma, 
 for example, is an 22__________________ solution containing many different 23__________________, or dissolved substances, 
 such as salt and blood sugar."
  Amy got up and opened the bathroom door, looked inside, and said, "It's steamy in there. Are you going to take a bath?"
  Liz replied, "No, that's just another experiment. I'm trying to figure out the difference between heat and temperature."
  "Are they different?"
  "Yes. 24__________________ is the total amount of energy resulting from the movement of molecules in a body of matter, 
 like a bathtub full of water. 25__________________ measures the intensity of movement. I compared the amount of heat in a cup 
 of water at 98°C and a bathtub of water at 45°C. In the 26__________________ the intensity of movement of water molecules was 
 greater, but the 27__________________ held more heat energy. I knew it did because the bathtub of water added more heat to the 
 room as it cooled, warming up the room more than the cup of hot water did.
  "Water has a great capacity to store heat, by the way. When water is heated, a lot of the energy goes into breaking the 
 28__________________  between water molecules before the molecules can move faster. For instance, if you had a kilogram of 
 water and a kilogram of rock, the same amount of heat would raise the temperature of the water
 29__________________ than the temperature of the rock. This means water can soak up a lot of heat, and its temperature will go 
 up only a few degrees."
  "And when water cools a few degrees, it 30__________________ a lot of heat."
  "Correct. And since animals are mostly water, this helps us control our body temperature. It also stabilizes the temperatures 
 of the ocean and coastal areas. In the summer, the ocean 31__________________ heat, and in the winter, it 
 32__________________ heat."
  Amy's eyes narrowed. "So why do we sweat when we are hot? Wouldn't we want to hang onto all that good water?"
  Liz was ready with an answer. "No, not necessarily. Because of their strong hydrogen bonds, it takes a lot of heat energy to 
 get a water molecule moving 33__________________ enough to 34__________________, to separate from its neighbors. This 
 gives water an unusually high 35__________________, but it also makes 36__________________ cooling possible. The hottest-or 
 fastest moving-water molecules evaporate first, taking a lot of heat energy with them and leaving the cooler-slower-molecules 
 behind. So sweating cools you off on a hot day."
  Amy looked at the clock and said, "It's 3:30. I told Sara I'd meet her at the ice rink at 3:30."
  This inspired Liz anew. "Ice. Now, ice is very interesting. In ice the water molecules are locked into a crystal, linked by 
 hydrogen bonds, but farther apart than they are in liquid water. This means that ice is 37__________________ dense than liquid 
 water, so it 38__________________. This is important to life, because 39____________________________________________. "

5. Fill in the following table to review your understanding of the properties of water.
Property Explanation of Property Example of Benefit to Life

a. Hydrogen bonds hold molecules together and 
adhere them to hydrophilic surfaces. b.

High specific heat c. Temperature changes in environment and 
organisms are moderated.

d. Hydrogen bonds must be broken for water to 
evaporate. e.

f. Water molecules with high kinetic energy 
evaporate; remaining molecules are cooler. g.

Less dense as solid h. i.

j. k. Most chemical reactions in life involve solutes 
dissolved in water.
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6.  Practice using the pH scale by giving the approximate pH of each of the following. Some are listed in the modules; others you can 
 estimate from the information given.  Review pH and its relationship with acid precipitation (CD 2I-J)

Substance pH more H+ or OH- Substance pH more H+ or OH-

Tomato juice Concentrated nitric acid (very acidic)

Human blood Acid precipitation

Vinegar (moderately acidic) Drain cleaner (very basic)

Pure water Antacid pills (mildly basic)

Cola (mildly acidic) Urine

Household ammonia Gastric juice

7. The carbonic acid/bicarbonate system is an important biological buffer. Label the molecules and ions in this equation and indicate 
 which is the H+ donor and acceptor. 

    CO2 + H20 <--> H2CO3 <--> HCO3 + H+ 

 In which direction will this reaction proceed

 (a) when the pH of a solution begins to fall?  

 (b) when the pH rises above normal level?

7. A chemical reactions is a chemical processes that change matter. A common chemical reaction in many cells is one that changes 
 hydrogen peroxide (H2O2) into water and oxygen gas:

       2H2O2 ---> 2H2O + 02

 Hydrogen peroxide is a harmful by-product of many reactions. Cells get rid of it by carrying out the above reaction, converting it 
 to harmless water and oxygen in organelles called peroxisomes. Note that the equation for a chemical reaction must be "balanced." 
 Since atoms cannot be created or destroyed in a chemical reaction-only rearranged-the numbers of atoms on both sides must be 
 equal. In this example, there are four hydrogen atoms in the two hydrogen peroxide molecules on the left. After the reaction occurs, 
 the four hydrogen atoms reappear in the two water molecules on the right. Similarly, the four oxygen atoms reappear on the right. 
 Your task in this exercise is simple: Label the reactant(s) and the product(s).

8. Fill in the missing coefficients for respiration, the conversion of glucose and oxygen to carbon dioxide and water, so that all atoms 
 are conserved in the chemical reaction.

      C6H12O6 + __O2 → __ CO2 + __ H2O

9. What types of bonds are identified in the following illustration of a water molecule interacting with an ammonia molecule?
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