
© Conceptual Chemistry by John Suchocki

Chapter 5

The Atomic Nucleus
THE MAIN IDEA

5.8 Mass and Energy

Clearly, a lot of energy comes from every gram of nuclear fuel 
when it under-goes fission. What is the source of this energy? 
As we will see, it comes from nucleons losing mass as they 
undergo nuclear reactions.

In the early 1900s, Albert Einstein discovered that 
mass is actually “congealed” energy. Mass and energy are two 
sides of the same coin, as stated in his celebrated equation, 
E = mc2. In this equation, E stands for the energy contained 
by any mass when at rest, m stands for mass, and c is the 
speed of light. This relationship between energy and mass 
is the key to understanding why and how energy is released 
in nuclear reactions.

How easy might it be to pull a nucleon out of a 
nucleus? (Remember, “nucleon” is the generic name for either 
a proton or a neutron.) To do this, you would have to fight 
against the strong nuclear force, which holds the nucleon 
to the nucleus. So, a lot of energy would be required to pull 
this nucleon out of the nucleus. What we learn from Einstein’s 
equation is that the energy you contribute to pull the nucleon 
out is not lost. Instead, this energy is absorbed by the nucleon, 
which thus becomes more massive as you pull it out. For 
example, if the mass of the nucleon were 1.00000 while in the 
nucleus, its mass might be a slightly greater 1.00728 after it 
has been pulled out of the nucleus. The energy you put into 

The atomic nucleus is the source of a 
tremendous amount of energy.

What do the symbols represent 
in the equation E = mc2?
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pulling the nucleon out was converted into mass. Energy and 
mass are two sides of the same coin. In other words, energy can 
become mass and mass can become energy as dictated by the 
equation E = mc2.

So, the mass of a nucleon depends upon where it is. 
In general, a nucleon’s mass is greatest when it is free by itself 
outside of the nucleus. The nucleon’s mass is smallest when it 
is tightly bound within the nucleus.

Not all nuclei are the same. In one nucleus, for example, 
a nucleon might find itself more tightly bound than in another. 
The mass of the nucleon, therefore, also depends upon which 
nucleus it is in. As illustrated in the graph of Figure 5.27, a 
nucleon has its greatest mass when in the hydrogen nucleus 
and its smallest mass when in the iron nucleus. The mass of a 
nucleon then gradually increases as it enters heavier nuclei, such 
as that of uranium.

C O N C E P T   C H E C K
A nucleon has the least mass when in an iron nucleus. Does this mean that it is relatively easy to pull 
a nucleon out of an iron nucleus?

CHECK  YOUR  ANSWER   No! Just the opposite. The nucleon has the least mass when in an iron 
nucleus because that is where it is most tightly bound. To pull the nucleon from the iron nucleus 
would be much harder than pulling it from any other nucleus.

Figure 5.27 > 
This graph shows that the 
average mass of a nucleon 
depends on which nucleus 
it is in. A nucleon has the 
most mass when in the light-
est (hydrogen) nucleus. The 
nucleon has its least mass 
when in an iron nucleus and 
an intermediate mass when 
in the heaviest (uranium) 
nucleus.

The graph of Figure 5.27 is the key to understanding the 
energy released in nuclear processes. Uranium, being toward 
the right-hand side of the graph, is shown to have a relatively 
large amount of mass per nucleon. When the uranium nucleus 
splits in half, however, smaller nuclei of lower atomic numbers 
are formed. As shown in Figure 5.28, these nuclei are lower on 
the graph than uranium, which means that they have a smaller 
amount of mass per nucleon. Thus, nucleons lose mass in their 
transition from being in a uranium nucleus to being in one of 
its fragments. When this decrease in mass is multiplied by the 
speed of light squared (c2 in Einstein’s equation), the product 
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<  Figure  5.28
The mass of each nucleon in a ura-
nium nucleus is greater than the 
mass of each nucleon in any one of 
its nuclear fission fragments. This lost 
mass is mass that has been trans-
formed into energy, which is why 
nuclear fission is an energy-releas-
ing process.

C O N C E P T   C H E C K
Correct the following incorrect statement: when a heavy element such as uranium undergoes fission, 
there are fewer nucleons after the reaction than before.

CHECK  YOUR  ANSWER  When a heavy element such as uranium undergoes fission, there aren’t 
fewer nucleons after the reaction. Instead, the combined mass of the nucleons is less than was 
originally the case.

is equal to the energy yielded by each uranium nucleus as it 
undergoes fission. 

Interestingly, Einstein’s mass–energy relationship applies 
to chemical reactions as well as to nuclear reactions. For nuclear 
reactions, the energies involved are so great that the change 
in mass is measurable, corresponding to about 1 part in 1000. 
In chemical reactions, the energy involved is so small that the 
change in mass, about 1 part in 1,000,000,000, is not detectable. 
This is why chemistry’s law of mass conservation is best stated 
as follows: There is no detectable change in the total mass of 
materials as they chemically react to form new materials. In 
truth, there are changes in the mass of atoms during a chemical 
reaction. These changes, however, are too small to be of any 
concern to the working chemist.

We can think of the mass-per-nucleon graph as an 
energy valley that starts at hydrogen (the highest point) and 
slopes steeply to iron (the lowest point), then slopes gradually 
up to uranium. Iron is at the bottom of the energy valley and 
has the most stable nucleus. It also has the most tightly bound 
nucleus; more energy per nucleon is required to separate nucle-
ons from iron’s nucleus than from any other element’s nucleus. 
In this sense, iron, Fe, is a very special element.

All nuclear power today is produced by nuclear fission. A 
more promising long-range source of energy is to be found on 
the left side of the energy valley, in a process known as nuclear 
fusion.


