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Lesson 11 outline 

Preparation:
Hand out worksheet.

Overview:

Functional group preview
Students begin to realize that many of the bonding patters they have experienced in the course 
can be named and classified. 

Hydrocarbon properties and their uses as fuel
Students learn to name hydrocarbons and are introduced to some of their applications.

Oxygen-, nitrogen-, and sulfur-containing functional groups
Students learn to name many of the important organic chemistry functional groups, and are 
introduced to some famous examples from each molecular class.

Guanidine and aromatic groups
Students see the structure of guanidine, an important component of arginine’s side chain, and 
learn some basics about aromatic molecules, which are found in other amino acid side chains. 

Identifying functional groups in amino acids
Students practice finding functional groups in the 20 amino acids. Students can also predict 
what kinds of properties each amino acid may have.

Lecture sequence:

*All the molecular families in this presentation are described in terms of their state of matter at 
room temperature and pressure, and their hydrophobic or hydrophilic characteristics (how 
insoluble or soluble they are. Each molecular family is color coded with blue boxes (light blue for 
gas, medium blue for liquid, dark blue for solid). Each molecular family is then color coded for 
solubility: green signifies high solubility or miscibility; orange signifies extremely low solubility; 
shades of yellow indicate low solubility. I wanted to keep the presentation of this information 
simple, so I did not include a key (or exact values) for the solubility color coding. The colors are 
just meant to give trends in how soluble the different molecules are. 

Points to emphasize throughout the lesson: 

1. Small molecules tend to be gasses, especially if they can form few or no hydrogen bonds. 
The large the molecules get in the family series, the more likely they are to be liquid. Very 
large molecules can be solids.

2. Molecules with short hydrocarbon chains may be soluble in water, especially if they contain 
functional groups that can hydrogen bond with water. Longer hydrocarbon chains usually 
cause the molecules to become insoluble in water since so much of the molecule is 



incapable if interacting with water. We will cover more on hydrophobic interactions in the 
next lesson.

Functional group preview
Students can have a chance to rationalize some of the information in the first few slides. They 
may notice that the ability to hydrogen bond is key to understanding solubility and even state of 
matter, since hydrogen bonding between molecules stabilizes liquids. Molecules are generally 
gasses because they can not form many hydrogen bonds with themselves, so easily evaporate.

Hydrocarbon properties and their uses as fuel
Students use a pneumonic device to remember the first 4 alkanes. The remaining hydrocarbons 
follow a predictable pattern that is related to the names of polygons that they may already know. 
These name of each hydrocarbon, for example octane, is simply modified when describing other 
molecular families. Octanol is the eight-carbon alcohol. Octene is the eight-carbon alkene, 
Octanal is the eight-carbon aldehyde. 

We review again why oil and water do not mix, showing how hydrogen bonds do not form 
between the two materials. We also review that plastic is a very hydrophobic molecule since 
waters cannot form hydrogen bonds with polyethylene. 

Double bonded, triple bonded, cyclic, and one of the branched varieties of alkanes are named 
and described. 

Oxygen-, nitrogen-, and sulfur-containing functional groups
Students see several other functional groups. The amide in particular is important because it 
makes up the peptide bond, which is also called the amide linkage. Students can review a little 
about how peptides are constructed here.

Sucrose is reviewed here, and we can see that although it is a large molecule (containing 12 
carbons) it is very soluble (as we saw in lesson 10) because of its many alcohol groups. Without 
them, it would become much less soluble. 

Guanidine and aromatic groups
To complete the student’s understanding of the functional groups involved in amino acid side 
chains, I highlight guanidine (and its acid form guanidinium). I also give a quick lesson on 
aromaticity so that students can recognize these specialized ring structures. To determine 
whether a ring is aromatic, students count the number of extra electrons (really “pi” electrons). If 
there are 6 extra (double bonded or lone pair) electrons which are bound to every atom in the 
ring, then the molecule is aromatic. This topic can be revisited later if you run out of time. The 
properties of aromatic molecules—that they are generally hydrophobic, unless they contain 
oxygen or nitrogen atoms—is the most important topic to get through. 

Identifying functional groups in amino acids
The main goal of this lesson was to make students able to classify amino acids as either 
containing hydrophobic or hydrophilic side chains. (Some side chains like lysine have a 
hydrophilic ammonium and a hydrophobic carbon chain.) The slides at the end of the lesson 
help them summarize what they have learned. These concepts will be expanded on in lesson 12 
when we study protein folding.


