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Chapter 5

The Atomic Nucleus
THE MAIN IDEA

5.4 Transmutation

When a radioactive nucleus emits an alpha or beta particle, 
the atomic number of the nucleus is changed. It becomes 
another element.

The changing of one element to another is called 
transmutation. Consider a uranium-238 nucleus, which con-
tains 92 protons and 146 neutrons. When an alpha particle 
is ejected, the nucleus loses two protons and two neutrons. 
Since an element is defined by the number of protons in 
its nucleus, the 90 protons and 144 neutrons remaining no 
longer constitute a uranium atom. What we have now is the 
nucleus of a different element—thorium. This transmutation 
can be written as a nuclear equation:

We see that uranium-238 transmutes to the two 
elements written to the right of the arrow. When this trans-
mutation occurs, energy is released, partly in the form of the 
kinetic energy of the alpha particle, He-2, partly in the kinetic 
energy of the thorium atom, and partly in the form of gamma 

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

What is the term for the 
changing of one element 
into another? Hint: It is the 
same word used by the 
alchemists.
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radiation. In this and all such equations, the mass numbers at 
the top balance (238 = 234 + 4) and the atomic numbers at the 
bottom also balance (92 = 90 + 2).

Thorium-234, the product of this reaction, is also radio-
active. When it decays, it emits a beta particle. Because the 
formation of a beta particle results in an additional proton, the 
atomic number of the resulting nucleus is increased by 1. So, 
after beta emission by thorium with 90 protons, the resulting 
element has 91 protons. It is no longer thorium but the element 
protactinium. Although the atomic number has increased by 1 
in this process, the mass number (protons + neutrons) remains 
the same. The nuclear equation is

We write an electron with a superscript 0 indicating that 
the electron’s mass is insignificant relative to that of protons and 
neutrons. The subscript –1 is the electric charge of the electron.

So, we see that when an element ejects an alpha parti-
cle from its nucleus, the mass number of the remaining atom 
is decreased by 4 and its atomic number is decreased by 2. The 
resulting atom is an atom of the element two spaces back in the 
periodic table, because this atom has two fewer protons. When 
an element ejects a beta particle from its nucleus, the mass of 
the atom is practically unaffected, meaning there is no change 
in its mass number but its atomic number increases by 1. The 
resulting atom becomes the element one space forward in the 
periodic table because it has one more proton.

The decay of uranium-238 to lead-206 is shown in Figure 
5.14. Each blue arrow shows an alpha decay, and each red arrow 
shows a beta decay.
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Beta emission is also accom-
panied by the emission of a 
neutrino, which is a neutral 
particle with nearly zero 
mass that travels at about 
the speed of light. Neutrinos 
are hard to detect because 
they interact very weakly 
with matter—a piece of 
lead about eight light-years 
thick would be needed to 
stop half the neutrinos pro-
duced in typical nuclear 
decays. Thousands of neutri-
nos are flying through you 
every second of every day, 
because the universe is filled 
with them. Only occasion-
ally, one or two times a year, 
does a neutrino interact with 
an atom of your body.
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^  Figure5.14 
U-238 decays to Pb-206 through a series of alpha and beta decays.

C O N C E P T   C H E C K
What finally becomes of all the uranium that undergoes radioactive decay? 

CHECK  YOUR  ANSWER   All uranium ultimately becomes lead. Along the way, it exists as the 
elements indicated in Figure 5.14


