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4.13: Transmutation and Radioactivity
Transmutation of one element into another requires a change in the structures of the nuclei of the atoms involved. For example, the
first step in the spontaneous radioactive decay of uranium is emission of an α particle, , from the nucleus  Since the α
particle consists of two protons and two neutrons, the atomic number must be reduced by 2 and the mass number by 4. The product
of this nuclear reaction is therefore . In other words, loss of an α particle changes (transmutes) uranium into thorium. In the
equation for the decay, the sum of the atomic numbers on the left and right are equal, as is the sum of the mass numbers on the left
and right: 

Alpha decay (Figure 4.12.1) is typical for large nuclei, because it reduces their size rapidly. Every element above Z = 83 (Bi) is
radioactive, apparently because no number of neutrons can stabilize the nucleus against the repulsions between large numbers of
protons. 

Figure : The figure above shows the process of alpha decay.

Loss of a β particle (electron) from an atomic nucleus leaves the nucleus with an extra unit of positive charge, that is, an extra
proton. This increases the atomic number by 1 and also changes one element to another. For example, the  mentioned above
emits β particles. Its atomic number increases by 1, but its mass number remains the same. (The β particle is an electron and has a
very small mass.) In effect one neutron is converted to a proton and an electron. Thus the thorium transmutes to protactinium 

. (Note carefully that the β particle is an electron emitted from the nucleus of the thorium atom, not one of the electrons from
outside the nucleus (Figure ) Using the standard symbol

Figure : The image above shows beta decay, which is the release of an electron from the nucleus after the conversion
of a neutron into a proton and electron. The proton remains in the nucleus while the electron (or beta particle) is ejected.

Beta decay increases the number of protons, so it occurs when a nucleus has a high n/p ratio, compared to the stable nuclei of that
element. If the nucleus has a low  ratio, it can reduce the number of protons by "positron" emission:

Positrons (  ) are the basis of medical "PET (Positron Emission Tomography) Scans", in which they annihilate their antiparticle,
the beta:
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The two gammas leave in opposite directions from the point of the annihilation, so the PET machine can "trace" their origin to
create an image.

A gamma ray is not a particle, and so its emission from a nucleus does not involve a change in atomic number or mass number.
Rather it involves a change in the way the same protons and neutrons are packed together in the nucleus. In Equation , the
product Th is shown with an asterisk, indicating that the decay leaves it in an excited state. It releases its extra energy in the form of
a gamma (Figure ): 

Figure : The image above depicts gamma ray emission. The rearrangement of neutrons and protons in the nucleus
causes the release of energy in the form of a gamma ray, seen above.

It is important to note, however, that radioactivity and transmutation both involve changes within the atomic nucleus. Such nuclear
reactions will be discussed in more detail in the section devoted to Nuclear Chemistry. Because protons and neutrons are held
tightly in the nucleus, nuclear reactions are much less common in everyday life than chemical reactions. The latter involve
electrons surrounding the nucleus, and these are much less rigidly held. 

This page titled 4.13: Transmutation and Radioactivity is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by
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