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Chapter 9

How Chemicals React
THE MAIN IDEA

Atoms change partners during a 
chemical reaction.

9.3 Grams to Moles

Atoms and molecules react in specific ratios by number. In 
the laboratory, however, chemists work with bulk quanti-
ties of materials, which are measured by grams. Chemists 
therefore need to know the relationship between the grams 
of a given sample and the number of atoms or molecules 
contained in that mass. The key to this relationship is the 
mole. Recall from Section 7.3 that we use the word mole to 
indicate a number, much as we use the word dozen to indicate 
a number. While a dozen is equal to 12, a mole is equal to a 
number that is incredibly large: 6.02 x 1023. This number is 
known as Avogadro’s number, in honor of the 18th-century 
scientist Amedeo Avogadro. Again, for emphasis, one mole 
is equal to 6.02 x 1023.

As Figure 9.4 illustrates, if you express the numeric 
value of the atomic mass of any element in grams, the number 
of atoms in a sample of the element having this mass is 
always 6.02 x 1023, which is 1 mole. For example, a 22.990-
gram sample of sodium metal, Na (atomic mass = 22.990 
amu), contains 6.02 x 1023 sodium atoms, and a 207.2-gram 
sample of lead, Pb (atomic mass = 207.2 amu), contains 6.02 
x 1023 lead atoms.

The same concept holds for molecules (or any com-
pound). Express the numeric value of the formula mass in 
grams and a sample having that mass contains 6.02 x 1023 
molecules. For example, there are 6.02 x 1023 O2 molecules in 

An Avogadro’s number of 
grains of sand would cover 
the United States to a depth 
of about 2 meters. A stack 
of an Avogadro’s number 
of pennies would be about 
800,000 trillion kilome-
ters tall, which is about the 
diameter of our galaxy. 
Placed side by side, these 
pennies would reach to the 
Andromeda galaxy, which is 
about 2.5 million light-years 
away. Avogadro’s number is 
beyond huge, yet that’s the 
number of water molecules 
found in a mere 18 grams of 
water. Water molecules are 
that small!
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31.998 grams of molecular oxygen, O2 (formula mass = 31.998 amu), 
and 6.02 x 1023 CO2 molecules in 44.009 grams of carbon dioxide, 
CO2 (formula mass = 44.009 amu).

The molar mass of any substance, be it element or com-
pound, is defined as the mass of 1 mole of the substance. Thus, the 
units of molar mass are grams per mole. For instance, the atomic 
mass of carbon is 12.011 amu, which means that 1 mole of carbon 
has a mass of 12.011 grams, and we say that the molar mass of 
carbon is 12.011 grams per mole. The molar mass of molecular 
oxygen, O2 (formula mass 31.998 amu), is 31.998 grams per mole. For 
convenience, values such as these are often rounded to the nearest 

Figure 9.4  >  
Express the numeric value of 
the atomic mass of any ele-
ment in grams, and that many 
grams contain 6.02 × 1023 
atoms.

C O N C E P T   C H E C K
1. How many atoms are in a 6.941-gram sample of lithium, Li (atomic mass = 6.941 amu)?

2. How many molecules are in an 18.015-gram sample of water, H2O (formula mass = 18.015 amu)?

CHECK  YOUR  ANSWER    1. Because this number of grams of lithium is numerically equal to the 
atomic mass, there are 6.02 x 1023 atoms in the sample, which is 1 mole of lithium atoms.

2. Because this number of grams of water is numerically equal to the formula mass, there are 6.02 x 
1023 water molecules in the sample, which is 1 mole of water molecules.

C O N C E P T   C H E C K
What is the molar mass of water (formula mass = 18 amu)?

CHECK  YOUR  ANSWER  From the formula mass, you know that 1 mole of water has a mass of 18 
grams. Therefore, the molar mass is 18 grams per mole.
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whole number. The molar mass of carbon, therefore, might also be 
presented as 12 grams per mole and that of molecular oxygen as 
32 grams per mole.

Because 1 mole of any substance always contains 6.02 x 
1023 particles, the mole is an ideal unit for chemical reactions. For 
example, 1 mole of carbon (12 grams) reacts with 1 mole of molec-
ular oxygen (32 grams) to give 1 mole of carbon dioxide (44 grams).

In many instances, the ratio in which chemicals react is not 
1:1. As shown in Figure 9.5, for example, 2 moles (4 grams) of molec-
ular hydrogen react with 1 mole (32 grams) of molecular oxygen 
to give 2 moles (36 grams) of water. Note how the coefficients of 
the balanced chemical equation can be conveniently interpreted 
as the number of moles of reactants or products. A chemist there-
fore need only convert these numbers of moles to grams in order 
to know how much mass of each reactant he should measure out 
to have the proper proportions.

Cooking and chemistry are similar in that both require 
measuring ingredients. Just as a cook looks to a recipe to find the 
necessary quantities measured by the cup or the tablespoon, a 
chemist looks to the periodic table to find the necessary quantities 
measured by the number of grams per mole for each element or 
compound.

Pi is the ratio of a circle’s 
circumference to diameter. 
As the circumference gets 
bigger, so does the diam-
eter. The ratio of the two 
remains the same, which is 
why the value of pi is con-
stant. Similarly, Avogadro’s 
number is the ratio of rela-
tive mass expressed in amu 
to mass expressed in grams. 
For example, a carbon atom 
has a relative mass of 12.011 
amu. It’s mass in grams is 1.99 
x 10-23. The ratio of these two 
numbers is 6.02 x 1023. This 
is Avogadro’s number, which 
stays constant because it is 
simply a ratio. An atom with 
a larger mass in amu will 
necessarily have a larger 
mass in grams. The value of 
Avogadro’s number was not 
known until scientists were 
able to estimate the mass of 
single atoms and molecules.
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  Figure 9.5
Two moles of H2 reacts with 1 mole of O2 

to give 2 moles of H2O. This is the same as 
saying 4 grams of H2 reacts with 32 grams 
of O2 to give 36 grams of H2O or, equiva-
lently, that 12.04 × 1023 H2 molecules react 
with 6.02 × 1023 O2 molecules to give 12.04 
× 1023 H2O molecules.
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