LibreTextsw

8.17: Carboxylic Acids

Serving wine usually involves a rather elaborate ceremony in which the host tastes the wine before pouring it for the guests. One
reason for this is the possibility that the wine may have been spoiled by exposure to air.

Certain bacterial enzymes are capable of converting ethanol to ethanoic acid (acetic acid) when oxygen is present:
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Equation showing ethanol reacting with 1 mole of oxygen gas in the presence of bacterial enzymes to produce 1 mole of ethanoic
acid and 1 mole of water.

The same reaction occurs when cider changes into vinegar, which contains 4 to 5 percent acetic acid. Acetic acid gives vinegar its
sour taste and pungent odor and can do the same thing to wine.

Acetic acid, CH3COOH, is an example of the class of compounds called carboxylic acids, each of which contains one or more
carboxyl groups, COOH. The general formula of a carboxylic acid is RCOOH. Some other examples are
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Methanoeic acid Butanoic acid Hexanedioic acid
(Formic acid) (Butyrie acid) (Adipic acid)

Formic acid (the name comes from Latin word formica meaning “ant*) is present in ants and bees and is responsible for the burning
pain of their bites and stings. Butyric acid, a component of rancid butter and Limburger cheese, has a vile odor. Adipic acid is an
example of a dicarboxylic acid—it has two functional groups—and is used to make nylon.

Since the carboxyl group contains a highly polar C=0 as well as an OH group, hydrogen bonding is extensive among molecules of
the carboxylic acids. Pure acetic acid is called glacial acetic acid because its melting point of 16.6°C is high enough that it can
freeze in a cold laboratory. As you can see from the table of boiling points, acetic acid boils at a higher temperature than any other
organic substance whose molecules are of comparable size and have but one functional group. It is also quite thick and syrupy
because of extensive hydrogen bonding.

Below is a Jmol model of acetic acid. In the general menu to the left, click on partial charges. Each atom in the molecule will be
assigned a partial charge. It is clear that the oxygen atoms are sharing electrons unequally and causing other parts of the molecule
to gain a partial positive charge in the carboxyl carbon and hydrogen. Further, this induces a partial negative charge on the methyl
carbon, leading to positive charges on the methyl hydrogen atoms.

An even better way to view the electron distribution is with the Molecular Electrostatic Potential (MEP) Surface options. One can
look at "MEP on isopotential surface", which show surfaces where electrostatic potential is the same, but the most informative
option here is the "MEP on Van der Waals Surface" radio button. This shows the potential along the van der Waals surface of the
molecule. The closer to red on the color spectrum, the more negative the potential at that surface is, the closer to blue, the more
positive. One can see that both oxygen atoms are centers of partial negative charge, while the acidic hydrogen atom has a
substantial partial positive charge, and the methyl group is also has a partial positive charge. One more way to look at the molecule,
is to use the "MEP on a plane" button. Choose the XY plane, and then click "Set Plane Equation." This will show the electrostatic
potential along the axis of symmetry for the molecule. While two hydrogen atoms on the methyl group are out of the plane, this
view still allows one to see how partial charge is distributed along the backbone of the molecule in a way the van der Waals surface
does not. From this modeling of the acetic acid molecule, hopefully it is becoming clear how the macroscopic properties we
discussed arise.

Acetic acid is synthesized commercially according to the reaction shown above, but silver is used as a catalyst instead of bacterial
enzymes. It is also prepared by reading air with propane separated from natural gas. The liquid acetaldehyde obtained in this
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reaction is then combined with oxygen in the presence of manganese(IT) acetate to make acetic acid. About half the acetic acid
produced in the United States goes into cellulose acetate from which acetate fibers are made.

This page titled 8.17: Carboxylic Acids is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Ed Vitz, John
W. Moore, Justin Shorb, Xavier Prat-Resina, Tim Wendorff, & Adam Hahn.
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