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Chapter 7

How Molecules Mix
THE MAIN IDEA

7.2 Solutions

What happens when table sugar, known chemically as 
sucrose, is stirred into water? Is the sucrose destroyed? We 
know it isn’t because it sweetens the water and all we have to 
do is evaporate the water and the sugar reappears in its solid 
form. When sucrose is dissolved in water, does it disappear 
because it somehow ceases to occupy space or because it 
fits within the nooks and crannies of the water? Not so, for 
the addition of sucrose changes the volume. This may not 
be noticeable at first, but if you continue adding sucrose to 
a glass of water, you’ll see that the water level rises, just as it 
would if you were adding sand.

Sucrose stirred into water loses its crystalline form. 
Each sucrose crystal con- sists of billions upon billions of 
sucrose molecules packed neatly together. When the crystal 
is exposed to water (as was first shown 
in Figure 3.25 and is shown again 
here in Figure 7.13), an even greater 
number of water molecules pull on the 
sucrose molecules via hydrogen bonds 
formed between the sucrose molecules 
and the water molecules. With a little 
stirring, the sucrose molecules soon 
mix throughout the water. In place of 
sucrose crystals and water, we have 
a homogeneous mixture of sucrose 
molecules in water. As discussed ear-
lier, homogeneous means that a sample 
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 Figure  7.13
Water molecules pull the sucrose molecules 
in a sucrose crystal away from one another. 
This pulling away does not, however, affect 
the covalent bonds within each sucrose mol-
ecule, which is why each dissolved sucrose 
molecule remains intact as a single molecule.
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taken from any part of a mixture is the same as a sample taken 
from any other part. In our sucrose example, this means that 
the sweetness of the first sip of the solution is the same as the 
sweetness of the last sip.

Recall that a homogeneous mixture consisting of a single 
phase is called a solution. Sugar water is a solution in the liquid 
phase. Solutions aren’t always liquids, however. They can also 
be solid or gaseous, as Figure 7.14 shows. Gemstones are solid 
solutions. A ruby, for example, is a solid solution of trace quan-
tities of red chromium compounds in transparent aluminum 
oxide. A blue sapphire is a solid solution of trace quantities of 
light green iron compounds and blue titanium compounds in 
aluminum oxide. Another important example of solid solutions 
is metal alloys, which are mixtures of different metallic elements. 
The alloy known as brass is a solid solution of copper and zinc. 
Similarly, the alloy stainless steel is a solid solution of iron, chro-
mium, nickel, and carbon.

An example of a gaseous solution is the air we breathe. 
By volume, this solution is 78 percent nitrogen gas, 21 percent 
oxygen gas, and 1 percent other gaseous materials. The air we 
exhale is a gaseous solution of 75 percent nitrogen, 14 percent 
oxygen, 5 percent carbon dioxide, and around 6 percent water 
vapor.

In describing solutions, the component present in the 
largest amount is the solvent and any other components are 
solutes. For example, when a teaspoon of table sugar is mixed 
with 1 liter of water, we identify the sugar as the solute and the 
water as the solvent.

The process of a solute’s mixing with a solvent is called 
dissolving. To make a solution, a solute must dissolve in a sol-
vent; that is, the solute and solvent must form a homogeneous 
mixture. Whether one material dissolves in another is a function 
of the electrical attractions between their molecules. The stron-
ger these electrical attractions are, the greater the likelihood 
that dissolving will occur.

What is the difference 
between the solvent and 
the solute?

READING CHECK
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 Figure  7.14
Solutions may occur in (a) the 
solid phase, (b) the liquid phase, 
or (c) the gaseous phase.

Be it large or small, an 
individual sugar crystal is 
transparent. A teaspoon of 
table sugar appears white 
because of the way light 
gets scattered as it passes 
in and out of the numerous 
tiny crystals at numerous 
different angles. Technically 
speaking, when table sugar 
dissolves in water, it is this 
scattering effect that disap-
pears, not the sugar itself.

FOR YOUR
INFORMATION
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There is a limit to how much of a given solute can be dis-
solved in a given solvent, as Figure 7.15 illustrates. We know that 
when you add sugar to a glass of water, for example, the sugar rap-
idly dissolves. As you continue to add sugar, however, there comes a 
point when it no longer dissolves. Instead, it collects at the bottom 
of the glass, even after stirring. At this point, the water is saturated 
with sugar, meaning that the water cannot accept any more sugar. 
When this happens, we have what is called a saturated solution, 
defined as a solution in which no more solute can be dissolved. A 
solution that has not reached the limit of solute that will dissolve 
is called an unsaturated solution.

C O N C E P T   C H E C K
What is the solvent in the gaseous solution we call air?

CHECK  YOUR  ANSWER   is the solvent, because it is the component present in the greatest 
quantity.

^  Figure  7.15
A maximum of 200 grams of sucrose dissolves in 100 milliliters of water at 20°C. (a) Mixing 150 grams of sucrose in 
100 milliliters of water at 20°C produces an unsaturated solution. Mixing 200 grams of sucrose in 100 milliliters of 
water at 20°C produces a saturated solution. If 250 grams of sucrose is mixed with 100 milliliters of water at 20°C, 
50 grams of sucrose remains undissolved. (As we discuss later, the concentration of a saturated solution varies with 
temperature, which can impact volume.)


