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To understand the proliferation risk 
of various nuclear technologies 
and advanced concepts such as 
uranium enrichment, plutonium 
reprocessing and nuclear 
weapons development, it is 
necessary to have a basic 
understanding of the atom. 
 
The Atom 
For most of human history, it was 
thought that the atom was the 
smallest unit of matter defining 
chemical elements. In 1897, J.J. 
Thomson discovered the electron, 
a negatively charged subatomic 
particle. Because atoms had a 
neutral charge, it was also 
assumed at that time that the 
electron had a positively charged 
counterpart (later called the 
proton).  

In 1932, James Chadwick 
discovered the neutron, the third 
subatomic particle within the atom. 
The neutrally-charged neutron, 
located inside the nucleus, would 
be the key that would unlock the 
energy within the atom.  

Atoms are the basic unit of 
matter and contain a positively 
charged nucleus of protons and 
neutrons orbited by negatively 
charged electrons. A proton 

carries one unit of positive electric 
charge while the neutron has no 
electric charge. Atoms have an 
equal number of protons and 
electrons. Elements are 
distinguished from one another by 
the number of protons in their 
nuclei, and each element is 
assigned an atomic number for 
the number of protons. The atomic 
number for uranium is 92, meaning 
that a uranium atom has 92 

protons in its nucleus. A plutonium 
atom has 94 protons in its nucleus; 
its atomic number is 94. 

A nuclear reaction is a 
process in which two nuclei or two 
nuclear particles collide, producing 
new products. For example, 
sometimes when a proton collides 
with a nucleus, it is absorbed, 
transforming the original atom into 
a new element (called 
transmutation). On other 
occasions, a neutron may collide 
with a nucleus and be absorbed, 
producing a slightly heavier 
isotope of the same element. 
Adding a neutron creates a 
different isotope of the same 
element. An element can occur in 
several forms call isotopes, which 
have different numbers of 
neutrons.  

Figure 1: The Atom 

Figure 2: Atomic Numbers 
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Isotopes are identified by their 
atomic weight, which equals the 
number of protons plus the 
number of neutrons. For example, 
the isotope uranium 235 has 92 
protons and 143 neurons. Since 
protons and neutrons have about 
the same mass, the weight is 
approximately the sum of the total 
particles in the nucleus. Some 
isotopes of different elements are 
unstable and radioactive. 

Hydrogen, the first element on 
the periodic table, exists as three 
different isotopes: 
1. Hydrogen (water) is 1 proton 

and 1 neutron and is stable. 
2. Deuterium (heavy water) is 1 

proton and 2 neutrons and is 
stable. 

3. Tritium is 1 proton and 3 
neutrons and is unstable and 
radioactive. 

Note: Deuterium and tritium are 
both important with regards to 
nuclear energy and nuclear 
weapons and will be addressed in 
a later issue in this series. 
 In 1896, Henri Becquerel 
discovered that uranium emitted 
radiation (i.e., energy) without an 
external source of energy such as 
the sun. Radioactivity refers to 
the particles (e.g., alpha particles, 
beta particles and gamma rays) 

which are emitted from nuclei as a 
result of instability. A radioactive 
atom decays and/or emits particles 
decays to become more stable. 
These discoveries led physicists to 
begin thinking about the atom as a 
source of energy. In order to 
unlock the energy within the atom, 
scientists needed to find the key 
(hint: neutrons). 

Like the tritium isotope of 
hydrogen, the element uranium is 
radioactive. Uranium is a heavy 
metal that has three naturally-
occurring isotopes: uranium 234 
(U-234), uranium 235 (U-235) and 
uranium 238 (U-238). U-238 has 
three more neutrons than U-235 
and U-234 and it is thus slightly 
heavier.  

U-235 is the isotope used to 
produce energy in nuclear power 
reactors and nuclear bombs, but it 
is extremely rare in nature. U-238 
accounts for almost 99.29% of 
uranium found in nature. U-235 
accounts for only 0.71% of 
uranium. To get higher 
concentrations of U-235 (enriched 
uranium), scientists exploit the tiny 
difference in weight between the 
U-235 isotopes and the abundant 
U-238 isotopes. 

Plutonium is the other element 
used to produce nuclear energy 

and nuclear weapons. Unlike 
uranium, plutonium is manmade 
(produced in a nuclear reactor). 
Although it is conventional wisdom 
that plutonium does not exist in 
nature, trace amounts have been 
discovered. Plutonium also has 
several known isotopes including 
plutonium 238 (Pu-238), plutonium 
239 (Pu-239), plutonium 240 (Pu-
240), plutonium 241 (Pu-241) and 
plutonium 242 (Pu-242).  

Plutonium is produced in a 
nuclear reactor with uranium fuel. 
The isotope Pu-239 is produced by 
bombarding a U-238 with 
neutrons. U-238 absorbs the 
neutron to become the unstable U-
239 (half-life of 23.5 minutes). U-
239 decays to become Neptunium 
239 (Np-239), which is also 
unstable with a half-life of 2.12 
days after which it becomes Pu-
239. 
 
Nuclear Fission 
Nuclear fission is the next logical 
step in gaining a basic 
understanding of the atom. It is an 
important concept for 
understanding both nuclear energy 
and nuclear weapons.  
 Nuclear fission is a nuclear 
reaction in which the atom splits 

Figure 3:  Nuclear Fission (Source: www.nuclear-power.net) 
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into two smaller parts and releases 
energy. Why and how does fission 
occur? Let’s explain step by step. 
 Uranium is one of the heaviest 
naturally-occurring elements 
because its nuclei contain more 
protons and neutrons than most 
elements. Recall that protons have 
a positive charge. As you learned 
in science class or playing with 
magnets, like charges (two 
positives or two negatives) repel 
and unlike charges (positive and 
negative) attract. This is caused by 
the electromagnetic force. 

If the nucleus contains protons 
(+) and neutrons (0), then how 
does it stay together? The 
positively charged protons should 
repel each other and break apart 
the nucleus. But something holds 
the nucleus together. 

It is the strong force that 
counteracts the electrostatic 
repulsion and holds the nucleus 
together. As long as the strong 
force exceeds the electromagnetic 
force, the atom stays together.  

Now picture an overfilled 
closet. Imagine that you tried to 
stick one more box into a bulging 
closet, but the space was 
insufficient and the door could no 
longer hold back the force of the 
clutter inside. The door would 
burst open and all of the clutter 
would fall out onto the floor.  

This is similar to what goes on 
within an unstable uranium atom 
(U-235) when the nucleus is 
bombarded with a single neutron 
(see figure 3 below). The kinetic 
energy of the additional neutron 
overwhelms the strong force which 
holds the atom together. At first, 
the neutron is absorbed, 
transforming the atom into an 
energized U-236 nucleus, which 
splits into fast-moving lighter 
elements. The split of the atom 
also releases up to three neutrons 

as well as mass in the form of 
energy. 

How much energy exactly? In 
1905, Albert Einstein discovered 
the theory of relativity and 
provided the formula for 
determining the amount of energy 
contained within an atom. To 
determine the amount of energy 
released, the missing mass is 
converted using the equation, E = 
mc2 (energy equals mass times 
the speed of light squared).  

A single atom releases only a 
tiny amount of energy (~200 
million electron volts), but an atom 
is very small. Each gram of 
uranium contains 2.5 x 1021. That 
is 2,500,000,000,000,000,000,000 
atoms. A lump of uranium, the size 
of a softball, weighing 5-8 
kilograms (11-18 pounds) equals 
5,000-8,000 grams. Do the math. 
If this entire lump were to fission, it 
would yield a huge amount of 
energy.  

In conclusion, nuclear fission 
occurs when the electrostatic 
repulsion within an nucleus 
overwhelms the strong force when 
another neutron is absorbed into 
the nucleus, causing the atom to 
split. 
 
Nuclear Energy and 
Explosions 
The splitting of a single atom 
produces only a tiny amount of 
energy and is not sufficient for 
producing nuclear energy or 
explosions. The splitting of the 
initial atom must lead to additional 
fissions, each of which produce 
more energy (i.e., a chain 
reaction).  

A chain reaction occurs when 
every nucleus that fissions causes 
at least one other nucleus to 
fission. The quantity of fissile 
material needed to sustain a chain 
reaction and produce energy in a 

nuclear reactor is called a critical 
mass.  
 What about a nuclear bomb? A 
standard chain reaction by itself is 
not sufficient for a nuclear bomb. 
An explosive chain reaction 
occurs when every nucleus that 
fissions causes on average more 
than one other nucleus to fission. 
A supercritical mass is the 
amount of fissile material 
necessary for an explosive chain 
reaction (i.e., an exponential 
release of energy). 

Only certain elements are 
capable of fission (or fissionable) 
and only certain isotopes are 
capable of producing a chain 
reaction (or fissile). The two 
elements used to produce nuclear 
energy and explosions are 
uranium and plutonium. Specific 
isotopes of these elements are 
fissile, capable of producing a 
chain reaction. To learn more 
about fissionable and fissile 
material and how weapons-
useable materials are produced, 
stay tuned for the next issue in this 
series. 
 
Key Points 
• Uranium and plutonium are the 

key materials of concern with 
regard to nuclear weapons.  

• Only certain isotopes of 
uranium and plutonium are 
capable of sustaining a chain 
reaction and producing 
continuous energy in a nuclear 
power plant or explosive 
energy in a nuclear weapon.  

• When the media makes a 
generic reference to uranium, it 
most likely means natural 
uranium or yellowcake with 
small traces of U-235 (unless 
they specify an enrichment 
level). It is also important to 
understand that references to 
enriched uranium do not 
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indicate bomb material. There 
are different levels of uranium 
enrichment; not all enriched 
uranium is weapons-usable. 

• Weapons-usable material 
(highly enriched uranium or 
plutonium) is not found in 
nature and is difficult and 
costly to make. 

• To enrich uranium, scientists 
exploit the tiny difference in 
weight between U-235 and U-
238 to separate the isotopes. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Additional Resources 
• Nuclear Regulatory 

Commission is the U.S. 
government regulator of the 
nuclear energy industry and 
regulates all nuclear materials. 
www.nrc.gov 

• World Nuclear Association is 
an organization representing 
the nuclear industry with a vast 
wealth of technical information 
on its website. www.world-
nuclear.org  

• www.nuclear-power.net was 
founded by a group of nuclear 
engineers to educate the 
public 

 


