
in water. The carboxylic acid group is polar (and ion-
ized at neutral pH) and accounts for the slight solubil-
ity of short-chain fatty acids in water.

Melting points are also strongly influenced by the
length and degree of unsaturation of the hydrocarbon
chain. At room temperature (25 �C), the saturated fatty
acids from 12:0 to 24:0 have a waxy consistency, whereas
unsaturated fatty acids of these lengths are oily liquids.
This difference in melting points is due to different de-
grees of packing of the fatty acid molecules (Fig. 10–1).
In the fully saturated compounds, free rotation around
each carbon–carbon bond gives the hydrocarbon chain
great flexibility; the most stable conformation is the fully
extended form, in which the steric hindrance of neigh-
boring atoms is minimized. These molecules can pack to-
gether tightly in nearly crystalline arrays, with atoms all
along their lengths in van der Waals contact with the
atoms of neighboring molecules. In unsaturated fatty
acids, a cis double bond forces a kink in the hydrocar-
bon chain. Fatty acids with one or several such kinks

cannot pack together as tightly as fully saturated fatty
acids, and their interactions with each other are there-
fore weaker. Because it takes less thermal energy to
disorder these poorly ordered arrays of unsaturated
fatty acids, they have markedly lower melting points
than saturated fatty acids of the same chain length
(Table 10–1).

In vertebrates, free fatty acids (unesterified fatty
acids, with a free carboxylate group) circulate in the
blood bound noncovalently to a protein carrier, serum
albumin. However, fatty acids are present in blood
plasma mostly as carboxylic acid derivatives such as es-
ters or amides. Lacking the charged carboxylate group,
these fatty acid derivatives are generally even less sol-
uble in water than are the free fatty acids.

Triacylglycerols Are Fatty Acid Esters of Glycerol

The simplest lipids constructed from fatty acids are the
triacylglycerols, also referred to as triglycerides, fats,
or neutral fats. Triacylglycerols are composed of three
fatty acids each in ester linkage with a single glycerol
(Fig. 10–2). Those containing the same kind of fatty acid
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FIGURE 10–1 The packing of fatty acids into stable aggregates. The
extent of packing depends on the degree of saturation. (a) Two rep-
resentations of the fully saturated acid stearic acid (stearate at pH 7)
in its usual extended conformation. Each line segment of the zigzag
represents a single bond between adjacent carbons. (b) The cis dou-
ble bond (shaded) in oleic acid (oleate) does not permit rotation and
introduces a rigid bend in the hydrocarbon tail. All other bonds in the
chain are free to rotate. (c) Fully saturated fatty acids in the extended
form pack into nearly crystalline arrays, stabilized by many hydro-
phobic interactions. (d) The presence of one or more cis double bonds
interferes with this tight packing and results in less stable aggregates.
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FIGURE 10–2 Glycerol and a triacylglycerol. The mixed triacylglyc-
erol shown here has three different fatty acids attached to the glyc-
erol backbone. When glycerol has two different fatty acids at C-1 and
C-3, the C-2 is a chiral center (p. 76).
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