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Chapter 7

How Molecules Mix
THE MAIN IDEA

7.3 Concentration and the Mole

The quantity of solute dissolved in a solution is described in 
mathematical terms by the solution’s concentration, which 
is the amount of solute dissolved per amount of solution:

For example, a sucrose–water solution may have a concen-
tration of 1 gram of sucrose for every liter of solution. This 
can be compared with concentrations of other solutions. A 
sucrose–water solution containing 2 grams of sucrose per 
liter of solution, for example, is more concentrated, and one 
containing only 0.5 gram of sucrose per liter of solution is 
less concentrated, or more dilute.

Chemists are often more interested in the number 
of solute particles in a solution than in the number of grams 
of solute. Submicroscopic particles, how- ever, are so very 
small that the number of them in any observable sample is 
incredibly large. To avoid awkwardly large numbers, scientists 
use a unit called the mole. One mole of any type of particle 
is equal to 6.02 x 1023 particles. (This super large number is 
602 billion trillion, or 602,000,000,000,000,000,000,000 parti-
cles.) One mole of gold atoms, for example, is 6.02 x 1023 gold 
atoms, and 1 mole of sucrose molecules is 6.02 x 1023 sucrose 
molecules. Interestingly, the term mole is derived from the 
Latin word moles, meaning heap, mass, or pile.

Molecules are “sticky.”
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Even if you’ve never heard the term mole before now, 
you are already familiar with the basic idea. Saying “one mole” 
is just a shorthand way of saying “six point oh two times ten to 
the twenty-third particles.” Just as “a couple of” means two of 
something and “a dozen of” means 12 of something, “a mole 
of” means 6.02 x 1023 of some elementary unit, such as atoms, 
molecules, or ions. It’s as simple as that:

  • a couple of coconuts = 2 coconuts
  • a dozen doughnuts = 12 donuts
  • a mole of molecules = 6.02 x 1023 molecules

One mole of gold atoms, for example, is 6.02 x 1023 gold 
atoms, and 1 mole of sucrose molecules is 6.02 x 1023 sucrose 
molecules. A stack containing “1 mole” of pennies would reach a 
height of about 97,000 light years, which is roughly equal to the 
diameter of our galaxy, the Milky Way. And “1 mole” of marbles 
would be enough to fill the volume of all Earth’s oceans.

But sucrose molecules are so very small that 6.02 x 1023 of 
them are in only 342 grams of sucrose, which is about a cupful. 
Thus, because 342 grams of sucrose contains 6.02 x 1023 mol-
ecules of sucrose, we can use our shorthand wording and say 
that 342 grams of sucrose contains 1 mole of sucrose. As Figure 
7.16 shows, an aqueous solution that has a concentration of 342 
grams of sucrose per liter of solution has a concentration of 6.02 
x 1023 sucrose molecules per liter of solution. This would be a 
concentration of 1 mole of sucrose per liter of solution. While 
the number of grams tells you the mass of solute in a given 
solution, and the number of moles indicates the actual number 
of molecules.

It would take 11.6 days of 
nonstop counting to count 
to a million. To count to a bil-
lion would take 31.7 years. To 
count to a trillion would take 
31,700 years! Counting to a 
trillion over and over 602 bil-
lion times would take about 
2 million times the esti-
mated age of the universe. 
In short, 602 billion trillion, 
6.02 x 1023, is an inconceiv-
ably large number.

FOR YOUR
INFORMATION

Figure 7.16 > 
An aqueous solution of sucrose that has 
a concentration of 1 mole of sucrose 
per liter of solution contains 6.02 x 1023 
sucrose molecules (342 grams) in every 
liter of solution.
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A common unit of concentration used by chemists is 
molarity, which is the solution’s concentration expressed in 
moles of solute per liter of solution:

A solution that contains 1 mole of solute per liter of solu-
tion is a 1-molar solution, which is often abbreviated 1 M. A 
2-molar (2 M) solution contains 2 moles of solute per liter of 
solution.

The difference between referring to the number of mol-
ecules of solute and referring to the number of grams of solute 
can be illustrated by the following question. A saturated aqueous 
solution of sucrose contains 200 grams of sucrose and 100 grams 
of water. Which is the solvent: sucrose or water?

As shown in Figure 7.17, there are 3.5 x 1023 molecules 
of sucrose in 200 grams of sucrose, but there are almost 10 times 
as many molecules of water in 100 grams of water—3.3 x 1024 
molecules. As defined earlier, the solvent is the component pres-
ent in the largest amount, but what do we mean by amount? If 
amount means number of molecules, then water is the solvent. If 
amount means mass, then sucrose is the solvent. So, the answer 
depends on how you look at it. From a chemist’s point of view, 
amount typically means the number of molecules, so water is 
the solvent in this case.

C O N C E P T   C H E C K
1. How many moles of sucrose are in 0.5 liter of a 2-molar solution? How many molecules of sucrose 
is this?

2. Does 1 liter of a 1-molar solution of sucrose in water contain 1 liter of water, less than 1 liter of water, 
or more than 1 liter of water?

CHECK  YOUR  ANSWER    First, you need to understand that 2-molar means 2 moles of sucrose 
per liter of solution. To obtain the amount of solute, you should multiply solution concentration by 
amount of solution:

(2 moles/L)(0.5 L) = 1 mole, which is the same as 6.02 x 1023 molecules.

The definition of molarity refers to the number of liters of solution, not to the number of liters of 
solvent. When sucrose is added to a given volume of water, the volume of the solution increases. So, 
if 1 mole of sucrose is added to 1 liter of water, the result is more than 1 liter of solution. Therefore, 1 
liter of a 1-molar solution requires less than 1 liter of water.

^  Figure  7.17
Although 200 grams of sucrose is twice 
as massive as 100 grams of water, there 
are about 10 times as many water mol-
ecules in 100 grams of water as there 
are sucrose molecules in 200 grams of 
sucrose. How can this be? Each water 
molecule is about one-twentieth as 
massive (and much smaller) than each 
sucrose molecule


