CHAPTER 2 

THE CHEMICAL CONTEXT OF LIFE

I.
Student misconceptions

1.
Simplified models of the atom, electron shells, and covalent bonding 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 positions of electrons. 
2.
Students have difficulty fully grasping the concept of energy, especially the concept of potential energy. Potential energy can be misunderstood as being a substance or fuel that is somehow stored in matter. 
3.
Students should recognize that weak bonds play important roles in the chemistry of life, despite the transient nature of each individual bond. 

II.
Pre-test to identify student misconceptions prior to addressing the material covered in Chapter 2

1.
An electron orbital describes:

a.
The orbit of an electron around the nucleus

b.
The exact distance of an electron from the nucleus

c.
A three-dimensional space where an electron can be found 90% of the time

2.
Which of the following bonds can form between atoms of equal electronegativity?

a.
Hydrogen bonds

b.
Ionic bonds

c.
Van der Waals interactions

3.
Which electron has higher potential energy? 

a.
An electron in the first electron shell

b.
An electron in the third electron shell

c.
Both electrons have equal potential energy

III.
How can instructors address and correct the misconceptions that students have about the chemical context of life?
1.
Explain to students that potential energy is associated with an object’s ability to move to a lower energy state, 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 position.

2.
To help students appreciate the combined force of weak bonds, refer to the compelling example of the gecko described in this chapter. A gecko is able to walk on ceilings because of van der Waals interactions between the ceiling and the hairs on the gecko’s toes. 
3.
Emphasize that strong and weak bonds are both important in the chemistry of life, and ask students to provide examples illustrating this point. You can return to this theme when teaching the properties of water and enzyme structure and function.
IV.
Post-test to identify whether students have corrected their misconceptions

1.
An electron shell describes:

a.
The average distance of an electron from the nucleus

b.
The potential energy of an electron

c.
The orbit of an electron around the nucleus

2.
Match each of the following bonds with the phrase that describes it. 

a.
Hydrogen bond

b.
Ionic bond

c.
Covalent bond

•
Sharing of a pair of valence electrons by two atoms (c)

•
Attraction of a hydrogen atom covalently bonded to one electronegative atom to another electronegative atom (a)

•
A strongly electronegative atom strips an electron from a less electronegative atom (b)

3.
Which electrons have equivalent potential energy? 

a.
The lone electron of a hydrogen atom and an electron of a helium atom

b.
An electron in the 2p orbital of the second electron shell and an electron in the 2s orbital of the second electron shell

c.
An electron in the p orbital of the second electron shell and an electron in the p orbital of the third electron shell
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