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3.5: Atomic Mass - The Average Mass of an Element’'s Atoms

&b Learning Objectives

o Explain what is meant by the atomic mass of an element.
e Calculate the atomic mass of an element from the masses and relative abundances of the isotopes of the element.

Atomic Mass

Since most naturally occurring elements samples are mixtures of isotopes, it is useful to use an average mass of an element. The
atomic mass of an element is the weighted mass of all the naturally presented isotopes (on earth). To determine the most abundant
isotopic form of an element, compare given isotopes to the weighted average on the periodic table. For example, the three hydrogen
isotopes in Figure 3.5.2 are H-1, H-2, and H-3. The atomic mass or weighted average of hydrogen is around 1.008 amu ( look
again to the periodic table). Of the three hydrogen isotopes, H-1 is closest in mass to the weighted average; therefore, it is the most
abundant. The other two isotopes of hydrogen are quite rare, but are very exciting in the world of nuclear science.

You can calculate the atomic mass (or average mass) of an element provided you know the relative abundances (the fraction of an
element that is a given isotope), the element's naturally occurring isotopes, and the masses of those different isotopes. We can
calculate this by the following equation:

Atomic mass = (%;) (mass; ) + (%) (massg) +- - - (3.5.1)

Averages like Equation 1 are known as weighted averages. An element's atomic mass can be calculated provided the relative
abundances of the element's naturally occurring isotopes and the masses of those isotopes are known. If all the abundances are not
provided, it is safe to assume that all numbers should add up to 100%.

For example, Boron has two naturally occurring isotopes. In a sample of boron, 20% of the atoms are B-10, which is an isotope of
boron with 5 neutrons and mass of 10 amu. The other 80% of the atoms are B-11, which is an isotope of boron with 6 neutrons
and a mass of 11 amu. How do we calculate the atomic mass of boron?

Boron has two isotopes so we will use the Equation 3.5.1 and substitute the relative abundances and atomic masses of Boron into
Equation 3.5.1:

Atomic mass = (0.20) (10) + (0.80) (11)
=10.8 amu

The mass of an average boron atom, and thus boron's atomic mass, is 10.8 amu

v/ Example 3.5.1

Neon has three naturally occurring isotopes. In a sample of neon, 90.92% of the atoms are Ne-20, which is an isotope of neon
with 10 neutrons and a mass of 19.99 amu Another 0.3% of the atoms are Ne-21, which is an isotope of neon with 11
neutrons and a mass of 20.99 amu The final 8.85% of the atoms are Ne-22, which is an isotope of neon with 12 neutrons and
a mass of 21.99 amu What is the atomic mass of neon?

Solution
Neon has three isotopes. We will use the equation:

Atomic mass = (%;) (mass; ) + (%z2) (massg) +- - -
Substitute these into the equation, and we get:

Atomic mass = (0.9092) (19.99) + (0.003) (20.99) + (0.0885) (21.99)
=20.17 amu

The mass of an average neon atom is 20.17 amu
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? Exercise 3.5.2

Magnesium has the three isotopes listed in the following table:

Table showing the 3 isotopes of magnesium, the exact mass of each, and the percent abundance of each.

Isotope Exact Mass (amu) Percent Abundance (%)
Mg 23.98504 78.70
BMg 24.98584 10.13
Mg 25.98259 11.17

Use these data to calculate the atomic mass of magnesium.

Answer

24.31 amu

v Example 3.5.3: Boron Isotopes

Boron has two naturally occurring isotopes. In a sample of boron, 20% of the atoms are B-10, which is an isotope of boron
with 5 neutrons and mass of 10 amu. The other 80% of the atoms are B-11, which is an isotope of boron with 6 neutrons and a
mass of 11 amu. What is the atomic mass of boron?

Solution

Boron has two isotopes. We will use the equation:
Atomic mass = (%;) (mass; ) + (%z2) (massg) +- - -

e Isotope 1: %; = 0.20 (Write all percentages as decimals), mass; = 10
e Isotope 2: %9 = 0.80, masss = 11

Substitute these into the equation, and we get:
Atomic mass = (0.20) (10) + (0.80) (11)
Atomic mass = 10.8 amu

The mass of an average boron atom, and thus boron's atomic mass, is 10.8 amu

v Example 3.5.4: Neon Isotopes

Neon has three naturally occurring isotopes. In a sample of neon, 90.92% of the atoms are Ne-20, which is an isotope of neon
with 10 neutrons and a mass of 19.99 amu Another 0.3% of the atoms are Ne-21, which is an isotope of neon with 11
neutrons and a mass of 20.99 amu The final 8.85% of the atoms are Ne-22, which is an isotope of neon with 12 neutrons and
a mass of 21.99 amu What is the atomic mass of neon?

Solution
Neon has three isotopes. We will use the equation:

Atomic mass = (%3 ) (mass; ) + (%2) (masss) +- - -

o Isotope 1: %1 = 0.9092 (write all percentages as decimals), mass; = 19.99
o Isotope 2: %3 = 0.003, mass, = 20.99
o Isotope 3: %3 = 0.0885, mass3 = 21.99

Substitute these into the equation, and we get:

Atomic mass = (0.9092) (19.99) + (0.003) (20.99) + (0.0885) (21.99)
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Atomic mass = 20.17 amu

The mass of an average neon atom is 20.17 amu

The periodic table gives the atomic mass of each element. The atomic mass is a number that usually appears below the element's
symbol in each square. Notice that the atomic mass of boron (symbol B) is 10.8, which is what we calculated in Example 3.5.1,
and the atomic mass of neon (symbol Ne) is 20.8, which is what we calculated in Example 3.5.2. Take time to notice that not all
periodic tables have the atomic number above the element's symbol and the mass number below it. If you are ever confused,
remember that the atomic number should always be the smaller of the two and will be a whole number, while the atomic mass
should always be the larger of the two and will be a decimal number.

? Exercise 3.5.5

Chlorine has two naturally occurring isotopes. In a sample of chlorine, 75.77% of the atoms are CI-35, with a mass of
34.97 amu Another 24.23% of the atoms are CI-37, with a mass of 36.97 amu What is the atomic mass of chlorine?

Answer
35.45 amu

Summary

e An element's atomic mass is the weighted average of the masses of the isotopes of an element

¢ An element's atomic mass can be calculated provided the relative abundance of the element's naturally occurring isotopes and
the masses of those isotopes are known.

e The periodic table is a convenient way to summarize information about the different elements. In addition to the element's
symbol, most periodic tables will also contain the element's atomic number and the element's atomic mass.

3.5: Atomic Mass - The Average Mass of an Element’s Atoms is shared under a CK-12 license and was authored, remixed, and/or curated by
Marisa Alviar-Agnew & Henry Agnew.

e 4.9: Atomic Mass - The Average Mass of an Element’s Atoms by Henry Agnew, Marisa Alviar-Agnew is licensed CK-12. Original source:
https://www.ck12.org/c/chemistry/.

LiceNseD UNDeR (<7
C R Founaion -Vt s 2

https://chem.libretexts.org/@go/page/503526



https://libretexts.org/
https://www.ck12info.org/curriculum-materials-license
https://chem.libretexts.org/@go/page/503526?pdf
https://chem.libretexts.org/Courses/Victor_Valley_College/CHEM100_Victor_Valley_College/03%3A_Atomic_Mass_and_Measurements/3.05%3A_Atomic_Mass_-_The_Average_Mass_of_an_Elements_Atoms
https://www.ck12info.org/curriculum-materials-license
https://chem.libretexts.org/@go/page/47478
https://www.ck12info.org/curriculum-materials-license
https://www.ck12.org/c/chemistry/

