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m Isotopes: When the Number of Neutrons Varies

Percent means “per hundred.” 90.48%
means that 90.48 atoms out of 100 are
the isotope with 10 neutrons.

¥ Figure 4.15 Isotopes of

neon Naturally occurring neon
contains three different isotopes,
Ne-20 (with 10 neutrons), Ne-21
(with 11 neutrons), and Ne-22 (with
12 neutrons).

All atoms of a given element have the same number of protons; however,
they do not necessarily have the same number of neutrons. Since neutrons
and protons have nearly the same mass (1 amu), and since the number of
neutrons in the atoms of a given element can vary, all atoms of a given ele-
ment do not have the same mass (contrary to what John Dalton originally
proposed in his atomic theory). For example, all neon atoms in nature con-
tain 10 protons, but they may have 10, 11, or 12 neutrons (¥ Figure 4.15). All
three types of neon atoms exist, and each has a slightly different mass.
Atoms with the same number of protons but different numbers of neutrons
are called isotopes. Some elements, such as beryllium (Be) and aluminum
(Al), have only one naturally occurring isotope, while other elements, such
as neon (Ne) and chlorine (Cl), have two or more.

Fortunately, for nearly all elements, the relative amounts of each differ-
ent isotope in a naturally occurring sample are the same. For example, in any
natural sample of neon atoms, 90.48% of them are the isotope with 10 neu-
trons, 0.27% are the isotope with 11 neutrons, and 9.25% are the isotope with
12 neutrons as summarized in Table 4.2. This means that out of 10,000 neon
atoms, for example, 9048 have 10 neutrons, 27 have 11 neutrons, and 925
have 12 neutrons. These percentages are called the percent natural abun-
dance of the isotopes. The preceding numbers are for neon, but all elements
have their own unique percent natural abundance of isotopes.

The sum of the number of neutrons and protons in an atom is called the
mass number and is given the symbol A.

A = Number of protons + Number of neutrons

For neon, which has 10 protons, the mass numbers of the three different
naturally occurring isotopes are 20, 21, and 22, corresponding to 10, 11, and
12 neutrons, respectively.

TABLE 4.2 Neon Isotopes

Number Number A (Mass Percent Natural

Symbol of Protons of Neutrons Number)  Abundance
Ne-20 or #]Ne 10 10 20 90.48%
Ne-21 or Z}Ne 10 11 21 0.27%
Ne-22 or Ne 10 12 2 9.25%
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108 CHAPTER4 Atoms and Elements

In general, mass number increases with
increasing atomic number.

Isotopes are often symbolized in the following way:

Mass number N
%Xr\Ch ical bol
Atomic number " enicat symbo

where X is the chemical symbol, A is the mass number, and Z is the atomic
number.
For example, the symbols for the neon isotopes are:

fiNe fiNe TNe

Notice that the chemical symbol, Ne, and the atomic number, 10, are re-
dundant: If the atomic number is 10, the symbol must be Ne, and vice versa.
The mass numbers, however, are different, reflecting the different number of
neutrons in each isotope.

A second common notation for isotopes is the chemical symbol (or
chemical name) followed by a hyphen and the mass number of the isotope.

Chemical symbol~_* *Mass number

Oor name

In this notation, the neon isotopes are:

Ne-20 neon-20
Ne-21 neon-21
Ne-22 neon-22

Notice that all isotopes of a given element have the same number of pro-
tons (otherwise they would be a different element). Notice also that the mass
number is the sum of the number of protons and the number of neutrons.
The number of neutrons in an isotope is the difference between the mass
number and the atomic number.

SV NF-WE Atomic Numbers, Mass Numbers, and Isotope Symbols

What are the atomic number (Z), mass number (A), and symbols of the car-
bon isotope with 7 neutrons?

Solution:

carbon atoms have 6 protons. The mass number (A) for the isotope with 7
neutrons is the sum of the number of protons and the number of neutrons.

A=6+7=13
So, Z = 6, A = 13, and the symbols for the isotope are C-13 and 12C.

IV S F- WA Atomic Numbers, Mass Numbers, and Isotope
Symbols

What are the atomic number, mass number, and symbols for the chlorine iso-
tope with 18 neutrons?

Example 4.12; Problems: 87, 89, 91, 92.
)

From the periodic table, we find that the atomic number (Z) of carbon is 6, s0 -



