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Mass number ( A )

Atomic number ( Z )

Chemical symbol

Chemical Symbol 
The chemical symbol of an element 
is often written with its mass number 
and atomic number.

Properties of the Nucleus
Ordinary matter has both protons and neutrons in the 
nucleus. This is true except for the hydrogen nucleus. It has 
only a single proton. Protons and neutrons together are 
referred to as nucleons.

The Nucleus
SECTION 22.1

A nucleus can be specified by an atomic number and 
mass number.

The table lists three quantities that describe the charge and 
mass of the nucleus. The mass number represents the total 
number of nucleons in the nucleus. The atomic number 
represents the number of protons. The neutron number 
represents the number of 
neutrons.

A typical atom of aluminum 
has a mass number of 27 and 
an atomic number of 13. It 
therefore has 13 protons and 
14 neutrons. A periodic table of 
elements usually includes the 
atomic number of an element 
near the element’s chemical 
symbol. 

The mass number and the atomic number of the nucleus 
of an atom are often written before the atom’s chemical 
symbol. The chemical symbol for aluminum is Al. The 
superscript refers to the mass number A. The subscript 
refers to the atomic number Z. An element can be identifi ed 
by its atomic number. This number does not change. The 
chemical symbol or the name of the element can always be 
used to determine the atomic number.

The atomic number does not change for an element. But 
atoms of the same element can have different mass 
numbers. Atoms that have the same atomic number but 
different number of neutrons are called isotopes. The 

 KEY TERMS

isotope
strong force
binding energy

SYMBOLS FOR NUCLEAR QUANTITIES

Symbol Name Explanation

A mass number the number of nucleons (protons and 
neutrons) in the nucleus

Z atomic number the number of protons in the nucleus

N neutron number the number of neutrons in the nucleus
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neutron number for an isotope can be found from the 
following relationship.

A = Z + N

This expression says that the mass number of an atom equals 
the number of protons plus the number of neutrons in the 
nucleus. This expression is used to understand how isotopes 
can change. 

READING CHECK

1. How are atomic mass and atomic  
number different from each other?

A nucleus is very dense.

Most nuclei are shaped like a sphere. The volume and mass of 
a nucleus increase with the total number of nucleons. This 
suggests that all nuclei have nearly the same density. Nucleons 
combine to form a nucleus as though they were tightly packed 
spheres.

Unified mass unit and rest energy define the mass of a 
nucleus.

The mass of a nucleus is extremely small. So the unifi ed mass 
unit is often used for atomic masses. This unit is also referred 
to as the atomic mass unit. 1 u is defi ned so that 12 u is equal 
to the mass of one atom of carbon-12. The proton and neutron 
each have a mass of about 1 u. The electron has a mass that is 
only a small fraction of a proton or neutron.

The mass of the nucleus is often expressed in terms of
rest energy. A particle has a certain amount of rest energy 
associated with its mass. 

Relationship Between Rest Energy and Mass
E = mc2

Rest energy = (mass)(speed of light)2

The greater the mass, the more energy it contains. This 
expression is often used because mass is not conserved in many 
nuclear processes. Mass can therefore be converted directly 
into energy or energy into mass. 
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Nuclear Stability
The nucleus is pushed apart when there is more than one 
proton in the nucleus. The positive charges repel each other. 
Something must overcome the repulsion between protons for 
the nucleus to exist. This force is called the nuclear force. It is 
also called the strong force. It is the interaction that binds 
nucleons together in a nucleus.

The strong force is independent of electric charge. The 
force of attraction between two protons, two neutrons, or a 
proton and a neutron has the same strength. But it greatly 
decreases with distance.

Neutrons help to stabilize a nucleus.

Isotopes can be stable or unstable. What makes a nucleus 
stable? The repulsion between positively charged protons 
must be balanced by the strong nuclear force’s attraction 
between all the particles in the nucleus. The graph shows the 
ratio of neutrons to protons for stable isotopes. The solid line 
shows the location for nuclei that have an equal number of 
protons and neutrons. Heavy nuclei are stable when they have 
more neutrons than protons.

Each data point in this graph 
represents a stable nucleus. Note that 
as the number of protons increases, 
the ratio of neutrons to protons also 
increases. Heavy nuclei have more 
neutrons per proton than lighter 
nuclei.

READING CHECK

2. What does the equation E = mc2 
show about the relationship 
between matter and energy?
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Elements that contain more than 83 protons do not have 
stable nuclei. The long region of dots above the solid line in 
the graph represents the stable nuclei. This region is some-
times called the valley of stability. Nuclei that are not stable 
decay into other nuclei until the decay product is one of the 
nuclei located in the valley of stability.

A stable nucleus’s mass is less than the masses of its 
nucleons.

The particles in a stable nucleus are held tightly together by 
the attractions of the strong nuclear force. How is it possible 
to break a nucleus apart into separated protons and neutrons? 
Energy must be added to overcome this force’s attraction. 

The amount of energy released when unbound nucleons 
come together to form a stable nucleus is called the binding 
energy of the nucleus. This is the same amount of energy 
needed to break a nucleus into individual unbound nucleons. 
It is equal to the difference in rest energy between the 
nucleons when bound to a nucleus and the same nucleons 
when unbound.

Ebind = ER,unbound − ER,bound

Mass defect is the difference between the bound and 
unbound nucleon energies. The total mass of a stable nucleus 
is always less than the sum of the masses of its individual 
nucleons. A small amount of mass is lost through a conversion 
to energy when atoms are formed.

READING CHECK

3. How does the stability of a nucleus change as the mass 
increases?
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SAMPLE PROBLEM

The atom carbon-14 has a half-life of about 5,700 years. But 
the half-life of carbon-9 is about 0.127 seconds. Explain why 
carbon-14 is the much more stable form of carbon.

SOLUTION

1 ANALYZE Determine the information that is given and unknown.

Given:  Carbon-14 has 6 protons and 8 neutrons. 
Carbon-9 has 6 protons and 3 neutrons.

Unknown: number of neutrons

2 PLAN Choose an equation or situation.

 Determine the number of neutrons (Z + N = A) 
for each isotope.

 Evaluate the difference in neutrons between the isotopes 
(NC-14 – NC-9 ).

3 SOLVE Substitute the values into the equation and solve.

C-14: 6 + N = 14, then N = 14 – 6 = 8

C-9: 6 + N = 9, then N = 9 - 6 = 3

NC-14 - NC-9 (8 - 3 = 5)

Carbon-14 has 5 more neutrons than Carbon-9 does.

PRACTICE

A.  Consider carbon-10 and carbon-12. Predict which isotope 
is more stable. Explain your prediction.

B.  Calculate the number of neutrons for the most stable 
isotope of calcium.

Given:

Unknown: 
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Reviewing Main Ideas
1. Think about the nuclear mass and the charge of the nucleus. Which  

determines what element an atom is?

2. Oxygen has several isotopes. What do these isotopes have in common? 
How do they differ?

3. Think about atomic number, mass number, and neutron number. Which are 
the same for each isotope of an element? Which are different?

4. The protons in a nucleus repel one another with the Coulomb force. 
What holds these protons together?

5. Describe the relationship between the number of protons, the number of 
neutrons, and the stability of a nucleus.

6. How many protons are there in the nucleus of  14   6 C? How many neutrons? 
How many electrons are there in the neutral atom?

SECTION 22.1 REVIEW
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