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Chapter 5

The Atomic Nucleus

THE MAIN IDEA

The atomic nucleus is the source of a
tremendous amount of energy.
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We know that electric charges of the same charge repel one another. So how
is it possible that positively charged protons in the nucleus stay clumped
together? This question led to the discovery of an attraction called the strong
nuclear force, which acts between all nucleons. This force is very strong but
only over extremely short distances. Repulsive electric forces, on the other
hand, are relatively long-ranged. Figure 5.10 suggests a comparison of the

strengths of these two forces over distance.

A Figure5.10

(a) Two protons near each other experience both an attractive strong nuclear force and a repulsive electric force.
At this tiny separation distance, the strong nuclear force overcomes the electric force, resulting in their staying to-
gether. (b) When the two protons are relatively far from each other, the electric force is more significant. The protons
repel each other. This proton- proton repulsion in large atomic nuclei reduces nuclear stability.
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READING CHECK

Are protons on opposite sides of
alarge nucleus attracted to each

other?

Figure5.12 >

(@) The presence of neutrons helps
hold the nucleus together by in-
creasing the effect of the strong nu-
clear force, represented by the sin-
gle-headed arrows.

(b) The total strength of the attractive
nuclear force, therefore, exceeds that
of the repulsive electric force occur-
ring between the two protons, repre-
sented by the double-headed arrow

< Figure 5.11

All nucleons in a small atomic nu-
cleus are close to one another;
hence, they experience an attrac-
tive strong nuclear force. (b) Nu-
cleons on opposite sides of a larger
nucleus are not as close to one an-
other, so the attractive strong nu-
clear forces holding them together
are much weaker. The result is that
the large nucleus is less stable.

Because the strong nuclear force decreases over distance, a large
nucleus is not as stable as a small one, as shown in Figure 5.11. For protons
that are close together, as in small nuclei, the attractive strong nuclear force
easily overcomes the repulsive electric force. But for protons that are far
apart, like those on opposite edges of a large nucleus, the attractive strong
nuclear force may be weaker than the repulsive electric force.

A large atomic nucleus is more susceptible to the repulsive forces
among protons. This means there is a limit to the size of the atomic nucleus.
As evidence of this, we find that all nuclei having more than 83 protons are
radioactive. Furthermore, the superheavy elements, such as those above
uranium, atomic number 92, are not found in nature. These superheavy
elements are difficult to make in the laboratory. When they are produced,
they exist for only fractions of a second.

Neutrons serve as the “nuclear cement” holding an atomic nucleus
together. Protons attract both protons and neutrons by the strong nuclear
force. Protons also repel other protons by the electric force. Neutrons, on
the other hand, have no electric charge and so attract protons and other neu-
trons only by the strong nuclear force. Therefore, the presence of neutrons
adds to the attraction among nucleons and helps hold the nucleus together
(Figure 5.12).

Nuclei with larger numbers of protons require larger numbers of neu-
trons to help balance the repulsive electric forces. For light elements, it is
sufficient to have about as many neutrons as protons. For instance, the most
common isotope of carbon, C-12, has equal numbers of each—six protons
and six neutrons. For large nuclei, more neutrons than protons are needed.
Because the strong nuclear force diminishes rapidly over distance, nucle-
ons must be practically touching in order for the strong nuclear force to be
effective. Nucleons on opposite sides of a large atomic nucleus are not so
attracted to one another. The electric force, however, does not diminish by
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much across the diameter of a large nucleus and so begins to win out over the
strong nuclear force. To compensate for the weakening of the strong nuclear
force across the diameter of the nucleus, large nuclei have more neutrons
than protons. Lead nuclei, for example, have about one-and-a-half times as
many neutrons as protons.

So, we see that neutrons are stabilizing and large nuclei require an
abundance of them. But neutrons are not always successful in keeping a
nucleus intact. Interestingly, neutrons are not stable without protons. A lone
neutron is radioactive and spontaneously transforms to a proton and an
electron (Figure 5.13a). A neutron seems to need protons around to keep
this from happening. After the size of a nucleus reaches a certain point, the
neutrons so outnumber the protons that there are not sufficient protons in
the mix to prevent the neutrons from turning into protons. As neutrons in a
nucleus change into protons, the stability of the nucleus decreases because
the repulsive electric force becomes increasingly significant. The result
is that pieces of the nucleus fragment away in the form of radiation, as
indicated in Figure 5.13b. This sets an upper limit on the mass and size of
the atomic nucleus, which explains why the periodic table is limited in its
number of elements.

CONCEPT CHECK

< Figure5.13

(@) A neutron without an adjacent
proton is unstable and decays to a
proton by emitting an electron.

(b) Large nuclei have more neutrons
than protons, which means that
some of these neutrons don't have
a sufficient number of adjacent pro-
tons. One of these extra neutrons
may transform into a proton. Destabi-
lized by an increase in the number of
protons, the nucleus begins to shed
fragments, such as alpha particles.

Two protons in the atomic nucleus repel each other, but they are also attracted to each other. Why?

CHECK YOUR ANSWER

While two protons repel each other by the electric force, they also attract each other by the strong nuclear
force. These forces act simultaneously. So long as the attractive strong nuclear force is stronger than the repul-
sive electric force, the protons will remain together. Under conditions in which the electric force overcomes

the strong nuclear force, however, the protons fly apart from each other.
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CONCEPT CHECK
What role do neutrons serve in the atomic nucleus? What is the fate of a neutron when alone or distant from
one or more protons?

CHECK YOUR ANSWER
Neutrons serve as a nuclear cement in nuclei and add to nuclear stability. But when alone or away from pro-
tons, a neutron becomes radioactive and spontaneously transforms to a proton and an electron.



