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Chapter 7: Detailed Summary

How Molecules Mix
The electrical attrac-
tions between ions 
and molecules or 
among molecules are 
relatively weak com-
pared to chemical 
bonds, such as the 
ionic and covalent 
bonds. The ion–dipole 
attraction is the stron-

gest intermolecular attraction and is responsible for salt 
dissolving in water. The dipole–dipole attraction occurs 
among polar covalent molecules, such as water. A special 
case is the hydrogen bond, which is simply an unusually 
strong dipole–dipole attraction. When a polar mole-
cule is brought close to a nonpolar molecule, a dipole 
is induced within the nonpolar molecule. The resulting 
attraction is called the dipole–induced dipole attraction. 
These sorts of attractions are weaker, but they are respon-
sible for allowing small amounts of oxygen (a nonpolar 
compound) to dissolve in water.

The fourth type of intermolecular attraction pre-
sented in this chapter is the induced dipole–induced dipole 
attraction. This sort of attraction arises because the elec-
trons may momentarily be located toward one side of a 
molecule. At this instant an otherwise nonpolar molecule 
has a small degree of polarity, which can induce polarity 
within a neighboring nonpolar molecule. The larger the 
atom, the easier it is for the momentary dipole to form. 
Although the induced dipole–induced dipole attraction 
is the weakest of the weak, many of these attractions can 

work together to provide a significant force. Long non-
polar molecules are relatively hard to pull apart because 
of the many induced dipoles occurring along the length 
of the molecule.

A solution is a single-phase homogeneous mix-
ture. The solute is what dissolves in the solvent. When 
you’ve added so much solute that no more can dissolve, 
the solution is saturated. How much solute is dissolved in 
the solution is measured by the concentration. A common 
unit of concentration is molarity. A 1 molar solution has 1 
mole of solute for every liter of solution. One mole is 6.02 

x 1023 particles. Molecules are so small you can have this 
many within not too many grams of the solute.

How well a solute dissolves in a solvent is mea-
sured by its solubility. The better the molecular attractions 
between the solute and solvent, the greater the solubil-
ity. In many cases, the solubility increases with increasing 
temperature. This is quite evident with sugar, which is 
much more soluble in hot water than in cold. If a hot sat-
urated solution is allowed to cool, the solution becomes 
“supersaturated,” which means that it contains more 
solute than it is suppose to. As a result, crystals precipi-
tate—in other words, the solute comes “out of solution.” 
Table salt, however, dissolves no better in hot water than 
in cold water. Calcium carbonate dissolves even better in 
cold water, which is why a scum can be seen to form on 
the surface of hard water when it is boiled. The solubility 
of gases in water generally decreases with increasing 
temperatures, which is why opened sodas go flat faster 
when warm.
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Soaps are within a class of molecules that are 
polar on one end yet nonpolar on the other. The non-
polar end interacts well with nonpolar substances, such 
as grime. As the soap adheres to the grime, its polar 
ends stick out where they can interact with water. If the 
water is flowing, the whole configuration of grime and 
soap molecules flows with it, away from your hands or 
clothes and down the drain. Synthetic soaps are known 
as detergents. 

The water we obtain from the ground often con-
tains large quantities of calcium and magnesium ions. 
Such water is said to be hard water. A problem with hard 
water is that the calcium and magnesium ions bind to 
soap, which weakens the soap’s cleansing powers. Water 
softeners work by replacing the calcium and magnesium 
ions with sodium ions.
 To create potable water, municipalities first 
remove dirt particles and pathogens, such as bacteria, 
by treating the water with slaked lime and aluminum 
hydroxide, which forms clumps of impurity-absorb-
ing gelatinous aluminum hydroxide. After the clumps 
settle to the bottom of a large basin, the purified water 
is drained off the top and often filtered through sand, 

gravel, and charcoal. To improve odor and flavor, many 
treatment facilities aerate the water. As a final step, the 
water is treated with a disinfectant, usually chlorine gas, 

Cl2, but sometimes ozone, O3. Desalinization is the pro-
cess of creating fresh water by removing the salt from 
saltwater. More than 60 percent of the world’s desalinized 
water is produced by the distillation of seawater, which is 
very energy-intensive. Solar distillation is most practical 
for small-scale production of fresh water.

In order to understand reverse osmosis, it’s help-
ful first to understand osmosis, which is the net flow of 
water molecules across a semipermeable membrane 
from a region of low solute concentration to a region 
of higher solute concentration. This occurs because the 
pores within the semipermeable membrane are large 
enough to permit the passage of water molecules, but 
small enough to prevent the passage of water impuri-
ties, such as sodium and chloride ions. Through reverse 
osmosis, pressure is applied to push saltwater against 
the semipermeable membrane, which like a spaghetti 
strainer, allows the liquid water to pass through while 

the solutes stay behind.

Summary of Terms

Concentration A quantitative measure of the 
amount of solute in a solution.

Dissolving The process of mixing a solute in a sol-
vent to produce a homogeneous mixture.

Hard water Water containing large amounts of cal-
cium and magnesium ions.

Hydrogen bond An unusually strong dipole-dipole 
attraction occurring between molecules that have a 
hydrogen atom covalently bonded to a small highly 
electronegative atom, usually nitrogen, oxygen, 
chlorine, or fluorine.

Induced dipole A temporarily uneven distribu-
tion of electrons in an otherwise nonpolar atom 
or molecule.

Insoluble Not capable of dissolving to any appre-
ciable extent in a given solvent.

Molarity A common unit of concentration equal to 
the number of moles of a solute per liter of solution.

Mole A very large number equal to 6.02 ´ 1023, and 
usually used in reference to the number of atoms, 
ions, or molecules within a macroscopic amount 
of a material. 

Osmosis The net flow (diffusion) of water across 
a semipermeable membrane from a region of low 
solute concentration to a region of high solute 
concentration.

Precipitate A solute that has come out of solution.
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Reverse osmosis A technique for purifying water 
by forcing it through a semipermeable membrane 
into a region of lower solute concentration.

Saturated solution A solution containing the 
maximum amount of solute that will dissolve in 
its solvent.

Semipermeable membrane A membrane con-
taining submicroscopic pores that allow passage 
of water molecules but not of larger solute ions or 
solute molecules.

Solubility The ability of a solute to dissolve in a 
given solvent.

Soluble Capable of dissolving to an appreciable 
extent in a given solvent.

Solute Any component in a solution that is not 
the solvent.

Solvent The component in a solution that is present 
in the largest amount.

Unsaturated solution A solution that is capable 
of dissolving additional solute.


