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Chapter 12

Organic Compounds
THE MAIN IDEA

Carbon can form a limitless number  
of chemical structures.

12.1 Hydrocarbons
12.2 Unsaturated Hydrocarbons
12.3 Functional Groups
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12.5 Amines and Alkaloids
12.6 Carbonyl Compounds
12.7 Organic Synthesis
12.8 Polymer Chemistry
12.9 A Brief History of Plastics

12.3 Functional Groups

Carbon atoms can bond to one another and to hydrogen 
atoms in many ways. This results in an incredibly large number 
of hydrocarbons. But carbon atoms can bond to atoms of 
other elements as well, further increasing the number of 
possible organic molecules. In organic chemistry, any atom 
other than carbon or hydrogen in an organic molecule is 
called a heteroatom, where hetero- means “different from 
either carbon or hydrogen.”

A hydrocarbon structure can serve as a framework for 
the attachment of various heteroatoms. This is analogous to 
a Christmas tree’s serving as the scaffolding on which orna-
ments are hung. Just as the ornaments give character to the 
tree, heteroatoms give character to an organic molecule. 
Heteroatoms have profound effects on the properties of an 
organic molecule.

Consider ethane, C2H6, and ethanol, C2H6O, which 
differ from each other by only a single oxygen atom. Ethane 
has a boiling point of -88°C, making it a gas at room tempera-
ture, and it does not dissolve in water very well. Ethanol, by 
contrast, has a boiling point of +78°C, making it a liquid at 
room temperature. It is infinitely soluble in water, and it is the 
active ingredient of alcoholic beverages. 

 Consider further ethylamine, C2H7N, which has a nitro-
gen atom on the same basic two-carbon framework. This 
compound is a corrosive, pungent, highly toxic gas—most 

What is a heteroatom?
READING CHECK

It is common for organic 
chemists to use the letter 
R to indicate an unspeci-
fied hydrocarbon coming 
off a functional group. For 
example, an alcohol can be 
indicated as R—OH, while 
an ether can be indicated as 
R—O—R. The R could equal 
a methyl group, —CH3, an 
ethyl group,
—CH2CH3, or any other 
group of carbon atoms as 
shown in Table 12.1.
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unlike either ethane or ethanol. Why these vast differences? 
Answer: Because of the different heteroatoms they contain.

Organic molecules are classified according to the func-
tional groups they contain. We define a functional group as a 
combination of atoms that behave as a single unit. Most func-
tional groups are distinguished by the heteroatoms they contain, 
and some common groups are listed in Table 12.2. Notice that 
the structures shown in Table 12.2 are not the structures of com-
plete molecules. The atoms highlighted in blue, however, are 
all the atoms that go together to make a particular functional 
group. It is typical that when an organic chemist looks to an 
organic molecule, the first thing they look for are the various 
functional groups that organic molecule may contain. This helps 
them to quickly classify the molecule and to ascertain the various 
physical, chemical, and even biological properties it might have.

The remainder of this chapter introduces the classes of 
organic molecules shown in Table 12.2. The role heteroatoms 
play in determining the properties of each class is the underly-
ing theme. As you study this material, focus on understanding 
the chemical and physical properties of the various classes of 
compounds, for doing so will give you a greater appreciation of 
the remarkable diversity of organic molecules and their many 
applications.

C O N C E P T   C H E C K
What is the significance of heteroatoms in an organic molecule?

CHECK  YOUR  ANSWER   Heteroatoms largely determine an organic molecule’s physical and 
chemical properties.

TABLE 12.2  Common Functional Groups in Organic Molecules

The chemistry of hydro-
carbons is interesting, but 
start adding heteroatoms 
to these organic molecules 
and the chemistry becomes 
extraordinarily interesting. 
The organic chemicals of 
living organisms, for exam-
ple, all contain heteroatoms.
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