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The Chemical Context of Life

Teaching Objectives

Elements and Compounds

1. Distinguish between an element and a compound.

2. Identify the four elements that make up 96% of living matter.

3. Define the term trace element and give an example.

Atoms and Molecules

4. Draw and label a simplified model of an atom.  Explain how this model simplifies our understanding of atomic structure.

5. Distinguish between each of the following pairs of terms:

a. neutron and proton

b. atomic number and mass number

c. atomic weight and mass number

6. Explain how the atomic number and mass number of an atom can be used to determine the number of neutrons.

7. Explain how two isotopes of an element are similar.  Explain how they are different.

8. Describe two biological applications that use radioactive isotopes.

9. Define the terms energy and potential energy.  Explain why electrons in the first electron shell have less potential energy than electrons in higher electron shells.

10. Distinguish among nonpolar covalent, polar covalent and ionic bonds.    

11. Explain why strong covalent bonds and weak bonds are both essential in living organisms.

12. Distinguish between hydrogen bonds and van der Waals interactions.

13. Give an example that illustrates how a molecule’s shape can determine its biological function.

14. Explain what is meant by a chemical equilibrium.  

Student Misconceptions

1. The simplified models of the atom (Figure 2.4), electron shells (Figure 2.8), and covalent bonding (Figure 2.11) can confuse students who take them too literally.  It is important to make sure that students understand that:

· Atoms do not have defined surfaces.

· Electrons do not travel in planetary orbits around the nucleus of the atom.

· Shared electron pairs are not paired spatially in covalent bonds.

· Electron shells represent energy levels rather than the position of electrons.  

2. Students have difficulty fully grasping the concept of energy, and especially the concept of potential energy.  Potential energy can be misunderstood as a substance or fuel that is somehow stored in matter.  Explain to students that potential energy is associated with an object’s ability to move to a lower-energy state, thus releasing some of the potential energy.  Return to the concept of potential energy in discussing electron shells, emphasizing that electrons in different electron shells differ in potential energy rather than in position.

3. Students should recognize that weak bonds play important roles in the chemistry of life, despite the transient nature of each individual bond. Page 42 gives the compelling example of the gecko, able to walk on ceilings because of the van der Waals interactions between the ceiling and the hairs on the gecko’s toes. Emphasize that strong and weak bonds are both important in the chemistry of life, and ask students to provide examples illustrating this.  
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Word Roots

an- = not (anion: a negatively charged ion)

co- = together; -valent = strength (covalent bond: an attraction between atoms that share one or more pairs of outer-shell electrons)

electro- = electricity (electronegativity: the tendency for an atom to pull electrons towards itself)

iso- = equal (isotope: an element having the same number of protons and electrons but a different number of neutrons)

neutr- = neither (neutron: a subatomic particle with a neutral electrical charge)

pro- = before (proton: a subatomic particle with a single positive electrical charge)
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