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Chapter 7

How Molecules Mix
THE MAIN IDEA

7.5 How Soap Works

Dirt and grease together make grime. Because grime con-
tains many nonpolar components, it is difficult to remove 
from hands or clothing with water alone. To remove most 
grime, we can use a nonpolar solvent such as paint thinner, 
which dissolves the grime because of strong induced dipole–
induced dipole attractions. Paint thinner is good for removing 
the grime left on hands after an activity such as changing a 
car’s motor oil. But nonpolar solvents such as paint thinner 
are toxic, they have offensive odors, and they are harsh on the 
skin. Rather than washing our dirty hands and clothes with 
nonpolar solvents, we have a more pleasant alternative—
soap and water. Soap works because soap molecules have 
both nonpolar and polar properties. A typical soap molecule 
has two parts: a long, nonpolar tail of carbon and hydrogen 
atoms and a polar head containing at least one ionic bond.

Molecules are “sticky.”
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What properties do soap 
molecules have?
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Because most of a soap molecule is nonpolar, it attracts 
nonpolar grime molecules via induced dipole–induced dipole 
attractions (dispersion forces) as Figure 7.25 illustrates. In fact, 
grime quickly finds itself surrounded in three dimensions by 
the nonpolar tails of soap molecules. This attraction is usually 
sufficient to lift the grime away from the surface being cleaned. 
With the nonpolar tails facing inward toward the grime, the 
polar heads are all directed outward, where they are attracted 
to water molecules by relatively strong ion–dipole attractions. 
If the water is flowing, the whole conglomeration of grime and 
soap molecules flows with it, away from your hands or clothes 
and then down the drain.

For the past several centuries, soaps have been pre-
pared by treating animal fats with sodium hydroxide, NaOH, 
also known as caustic lye. In this reaction, which is still used 
today, each fat molecule is broken down into three fatty acid 
soap molecules and one glycerol molecule:

In the 1940s, chemists began developing a class of syn-
thetic soap-like compounds known as detergents, which offer 
several advantages over true soaps, such as stronger grease 
penetration and lower price.

Figure 7.25 >
Nonpolar grime attracts and is sur-
rounded by the nonpolar tails of soap 
molecules, forming what is called a 
micelle. The polar heads of the soap 
molecules are attracted by ion–dipole 
attractions to water molecules, which 
then carry away the soap–grime 
combination.
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The chemical structure of detergent molecules is similar to 
that of soap molecules in that both possess a polar head attached 
to a nonpolar tail. The polar head in a detergent molecule, however, 
typically consists of either a sulfate group, –OSO3

−, or a sulfon-
ate group, –SO3

−, and the nonpolar tail can have an assortment of 
structures.

One of the most common sulfate detergents is sodium lauryl 
sulfate, a main ingredient of many toothpastes. A common sulfon-
ate detergent is sodium dodecyl benzenesulfonate, also known 
as a linear alkylsulfonate, or LAS, often found in dishwashing liq-
uids. Both of these detergents are biodegradable, which means 
that microorganisms can break down the molecules once they are 
released into the environment.

C O N C E P T   C H E C K
What type of attractions hold soap or detergent molecules to grime?

CHECK  YOUR  ANSWER   If you haven’t yet formulated an answer, why not back up and reread 
the question? You’ve got only four choices: ion–dipole, dipole–dipole, dipole–induced dipole, and 
induced dipole–induced dipole. The answer is induced dipole–induced dipole attractions, because 
the interaction is between two nonpolar entities—the grime and the nonpolar tail of a soap or 
detergent molecule.


