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Chapter 12

Organic Compounds
THE MAIN IDEA

^ Organic molecules can be quite tasty, especially those that provide the flavor of our favorite ice cream.

Carbon can form a limitless number  
of chemical structures.

Carbon atoms have the rare ability to bond with 
themselves repeatedly. This allows the building of large 
molecular structures. Add to this the fact that carbon 
atoms can also bond with atoms of other elements and 
you see the possibility of an endless number of differ-
ent carbon-based molecules. Each molecule has its own 
unique set of physical, chemical, and biological prop-
erties. The flavor of vanilla, for example, is perceived 
when the compound vanillin is absorbed by the sensory 
organs in the nose. Vanillin is the essential ingredient in 
anything having the flavor of vanilla—without vanillin, 
there is no vanilla flavor. The flavor of chocolate, on the 

other hand, is generated when not just one, but a wide 
assortment of carbon-based molecules are absorbed 
in the nose. One of the more significant of these mol-
ecules is tetramethylpyrazine. Life is based on carbon’s 
ability to form diverse structures. Reflecting this fact, 
the branch of chemistry that is the study of carbon-con-
taining chemical compounds has come to be known as 
organic chemistry. Because organic compounds are so 
closely tied to living organisms and because they have 
many applications—from flavorings to fuels, polymers, 
medicines, agriculture, and more—it is important to 
have a basic understanding of them.
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12.1 Hydrocarbons

We begin with the simplest organic compounds—those con-
sisting of only carbon and hydrogen. Organic compounds 
that contain only carbon and hydrogen are called hydro-
carbons. The simplest hydrocarbon is methane, CH4, with 
only one carbon per molecule as shown in Figure 12.1 on 
the next page. Methane is the main component of natural 
gas. The hydrocarbon octane, C8H18, has eight carbons per 
molecule and is a component of gasoline. The hydrocarbon 
polyethylene contains hundreds of carbon and hydrogen 
atoms per molecule. Polyethylene is a plastic used to make 
many familiar items, such as milk containers and plastic bags.

What types of atoms are 
found in hydrocarbons?
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Hydrocarbons may differ in the way the carbon atoms 
connect to one another. Figure 12.2 shows the three hydrocar-
bons pentane, isopentane, and neopentane. These hydrocarbons 
have the same molecular formula, C5H12, but they are structurally 
different from one another. The carbon framework of pentane 
is a chain of five carbon atoms. In isopentane, the carbon chain 
branches, so that the framework is a four-carbon chain branched 
at the second carbon. In neopentane, a central carbon atom is 
bonded to four surrounding carbon atoms.

We can see the different structural features of pentanes, 
isopentane, and neo- pentane more clearly by drawing the mol-
ecules in two dimensions, as shown in the middle row of Figure 
12.2. Alternatively, we can represent them by the stick structures 
(sometimes called line-angle drawings or skeletal structures) 
shown in the bottom row. A stick structure is a commonly used 
shorthand notation for representing an organic molecule. Each 
line (stick) represents a covalent bond, and carbon atoms are 
understood to exist at the end of any line wherever two or more 
straight lines meet (unless another type of atom is drawn at the 
end of the line). Any hydrogen atoms bonded to the carbons 
also typically are not shown. Instead, their presence is assumed 
so that the focus can remain on the structure formed by the 
carbon atoms.

Figure 12.1 > 
Hydrocarbons are made of 
hydrogen atoms (shown in 
white) and carbon atoms 
(shown in black). All hydro-
carbons are non- polar. Light 
hydrocarbons, such as meth-
ane, tend to be gaseous. 
Medium-sized hydrocarbons, 
such as octane, are liquids. 
Heavier hydrocarbons, such 
as polyethylene, are solid.

Figure 12.2 > 
These three hydrocarbons 
all have the same molecular 
formula. We can see their 
different structural features 
by highlighting the carbon 
framework in two dimen-
sions. Easy-to-draw stick 
structures that use lines for 
all carbon–carbon covalent 
bonds are also useful.
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Molecules such as pentane, isopentane, and neopentane 
have the same molecular formula, which means they have the 
same number of the same kinds of atoms. The way these atoms 
are put together, however, is different. We say that each has its 
own configuration, where the term configuration refers to how the 
atoms are connected. Different configurations result in different 
chemical structures. Molecules with the same chemical formula 
but different configurations (and hence, different structures) are 
known as structural isomers. Structural isomers are different from 
each other, having different physical and chemical properties. For 
example, pentane has a boiling point of 36°C, isopentane’s boiling 
point is 30°C, and neopentane’s is 10°C.

The number of possible structural isomers for a chemical 
formula increases rapidly as the number of carbon atoms increases. 
There are three structural isomers for compounds having the for-
mula C5H12, 18 for C8H18, 75 for C10H22, and a whopping 366,319 for 
C20H42!

A carbon-based molecule can have different spatial orien-
tations, called conformations. Flex your wrist, elbow, and shoulder 
joints and you’ll find your arm passing through a range of confor-
mations. Likewise, organic molecules can twist and turn about 
their carbon–carbon single bonds and thus have a range of con-
formations. The structures in Figure 12.3, for example, are different 
conformations of pentane. In the language of organic chemistry, 
we say that the configuration of a molecule such as pentane has a 
broad range of conformations. Change the configuration of pen-
tane, however, and you no longer have pentane. Rather, you have 
a different structural isomer, such as isopentane, which has its own 
range of different conformations.

C O N C E P T   C H E C K
Which carbon–carbon bond was rotated to go from the “before” conformation of isopentane to the 
“after” conformation?

CHECK  YOUR  ANSWER   Bond “c.” This rotation is similar to that of the arm of an arm wrestler who, 
with the arm just above the table while on the brink of losing, suddenly gets a surge of strength 
and swings the opponent’s arm through a half-circle arc and wins. The best way to understand the 
geometrical shapes of organic molecules is to get your hands on a set of molecular models.
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The number of carbon atoms within a hydrocarbon is 
indicated by the hydrocarbon’s name, as shown in Table 12.1.

When the hydrocarbon is branched, the name of the 
hydrocarbon is based upon the longest carbon chain. Smaller 
branches off this longest chain are written as a prefix ending 
in -yl. As shown in Table 12.1, a one-carbon branch would be 
indicated by the prefix methyl, where meth- means a single 
carbon. Also, the longest chain is numbered to indicate where 
the branching takes place. For example, the following compound 
is 3-methylhexane because it has a methyl group branching off 
the third carbon of hexane:

Below is the structure for 2,3-dimethylhexane, which tells 
us that there are two methyl groups—one located at the second 
carbon and another located at the third carbon. Number the 
longest chain backwards and you would have 4,5-dimethylhex-
ane, which is the identical structure. The convention, however, 
is to always use the lowest numerals possible when naming an 
organic compound.

TABLE 12.1 Names of Simple Straight-Chain Hydrocarbons

Figure  12.3 > 
Three conformations for a mole-
cule of pentane. The conformation 
changes as bonds rotate as indi-
cated by the blue arrows. The 
molecule looks different in each 
conformation, but the five- carbon 
framework is the same in all three 
conformations. In a sample of 
liquid pentane, the molecules are 
found in all conformations—not 
unlike a bucket of worms.

How is aspirin connected to 
petroleum?

CONNECTIONS
CHEMICAL
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Hydrocarbons are obtained primarily from coal and petro-
leum. Most of the coal and petroleum that exist today were formed 
between 290 million and 354 million years ago, when plant and 
animal matter decayed in the absence of oxygen. At that time, the 
Earth was covered with extensive swamps that, because they were 
close to sea level, periodically became submerged. The organic 
matter of the swamps was buried beneath layers of marine sedi-
ments and was eventually transformed to either coal or petroleum.

Coal is a solid material containing many large, complex 
hydrocarbon molecules. Most of the coal mined today is used for 
the production of steel and for generating electricity at coal-burn-
ing power plants.

Petroleum, also called crude oil, is a liquid readily separated 
into its hydrocarbon components through a process known as 
fractional distillation, shown in Figure 12.4. The crude oil is heated 
to a temperature high enough to vaporize most of its components. 
The hot vapor flows into the bottom of a fractionating tower, which 
is warmer at the bottom than at the top. As the vapor rises in the 
tower and cools, the various components begin to condense. 
Hydrocarbons that have high boiling points, such as tar, condense 
first at warmer temperatures. Hydrocarbons that have low boiling 
points, such as gasoline, travel to the cooler regions at the top of 
the tower before condensing. Pipes drain the various liquid hydro-
carbon fractions from the tower. Natural gas, which is primarily 
methane, does not condense. It remains a gas and is collected at 
the top of the tower.

C O N C E P T   C H E C K
Neopentane, shown in Figure 12.2, has an alternate name based upon the above naming method-
ology. What is this alternate name for neopentane?

CHECK  YOUR  ANSWER   Neopentane also goes by the name 2,2-dimethylpropane. The “di” is a 
prefix that means two, which in this case means two methyl’s. The numerals tell us on what carbon 
these two methyl groups are attached. Note that in this case, the numeral 2 is used twice because 
each group needs its own number. For more practice at naming structures, see the questions at 
the back of this chapter.

C O N C E P T   C H E C K
Do the heavier or the lighter molecules of crude oil rise to the top of the fractionation tower?

CHECK  YOUR  ANSWER   The lighter molecules found in crude oil are the ones that rise highest 
within the fractionation tower. These are the molecules that have the lower boiling points. So, the 
lower the boiling point is, the higher the molecules rise.

We are placing unusually 
large amounts of carbon 
dioxide into the atmosphere 
by burning fossil fuels. The 
atmosphere, however, is not 
the only possible repository 
for the carbon dioxide we 
produce. The smokestacks of 
power plants, for example, 
can be modified to capture 
CO2, which is then liquified 
and pumped kilometers 
deep into the ground. We 
discuss this technology fur-
ther in Chapter 17.

FOR YOUR
INFORMATION
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^  Figure 12.4 
A schematic for the fractional distillation of petroleum into its useful hydrocarbon components.

Differences in the strength of molecular attractions 
explain why different hydrocarbons condense at different tem-
peratures. As discussed in Section 7.1, in our comparison of 
induced dipole–induced dipole attractions in methane and 
octane, larger hydrocarbons experience many more of these 
attractions than smaller hydrocarbons do. For this reason, the 
larger hydrocarbons condense readily at high temperatures 
and so are found at the bottom of the tower. Smaller mole-
cules, because they experience fewer attractions to neighbors, 
condense only at the cooler temperatures found at the top of 
the tower.

The gasoline obtained from the fractional distillation of 
petroleum consists of a wide variety of hydrocarbons having 
similar boiling points. Some of these components burn more 
efficiently than others in a car engine. The straight-chain hydro-
carbons, such as hexane, burn too quickly, causing what is called 
engine knock, as illustrated in Figure 12.5. Gasoline hydrocar-
bons that have more branching, such as isooctane, burn slowly 
and result in the engine’s running more smoothly. These two 
compounds, heptane and isooctane, are used as standards in 
assigning octane ratings to gasoline. An octane number of 100 
is arbitrarily assigned to isooctane, and heptane is assigned an 
octane number of 0. The anti-knock performance of a particular 
gasoline is compared with those of various mixtures of isooctane 
and heptane, and an octane number is assigned. Figure 12.6 
shows the octane information appearing on a typical gasoline 
pump.
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<  Figure 12.5
A straight-chain hydrocarbon, 
such as hexane, can be ignited 
from the heat generated as 
gasoline is compressed by the 
piston—before the spark plug 
fires. This upsets the timing of 
the engine cycle, giving rise to a 
knocking sound. Branched hydro-
carbons, such as isooctane, burn 
less readily and are ignited not by 
compression alone, but only when 
the spark plug fires.

<  Figure 12.6
Octane ratings are posted on 
gasoline pumps. Most modern 
car engines are designed to run 
optimally on regular octane gaso-
line. For such cars, higher-octane 
gasoline may provide poorer per-
formance at greater cost.

C O N C E P T   C H E C K
Which structural isomer shown in Figure 12.2 should have the highest-octane rating?

CHECK  YOUR  ANSWER   The structural isomer with the greatest amount of branching in the 
carbon framework will likely have the highest-octane rating, making neopentane the clear winner. 
For your information, the ratings are as follows:


