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Figure 8.10 An alpha particle
is a helium nucleus.
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Figure 8.11 During alpha decay, a
nucleus emits an alpha particle and
becomes a nucleus with two fewer
protons and two fewer neutrons.
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Types of Radioactive Decay

In radioactive decay, a parent nucleus (the initial nucleus) spontaneously
decays into a daughter nucleus. Radioactive decay was the first observed
example of transmutation. Transmutation is the process in which the
atomic number of a nucleus changes, which converts it to a different
chemical element.

Alpha Decay

An alpha particle () is a helium nucleus, a cluster of two protons and
two neutrons (Figure 8.10). A helium nucleus is bound together much
more tightly than other light nuclei and is highly stable.

Unstable nuclei may decay by spontaneously emitting alpha
particles, as shown in Figure 8.11. The strong interaction that holds the
protons and neutrons together in the nucleus is much stronger than the
electromagnetic interaction that pushes the protons apart, but it has a
much shorter range, less than the diameters of larger nuclei. Protons and
neutrons move around inside a nucleus. If two protons and two neutrons
(an alpha particle) move outside the influence of the strong interaction,
they will break free of the nucleus, carrying kinetic energy away with
them. This process, in which an alpha particle is emitted from a larger
parent nucleus, is called alpha decay, or o decay.

There is a greater chance of alpha decay in a large nucleus than in a
small one. With a few exceptions, alpha decay is only observed in nuclei
with more than 82 protons.

A decay process can be analyzed in a fashion similar to writing out
a chemical reaction. An alpha particle is written as «, 3, or 3He. The
emission of an alpha particle removes 2 protons and 2 neutrons from the
parent nucleus, so the atomic number of the atom decreases by 2 and the
atomic mass number decreases by 4. The alpha decay process can be written:

where X is the chemical symbol for the parent nucleus and Y is the
symbol for the daughter nucleus. Here, A is the atomic mass number of
the parent nucleus and Z is its atomic number. For example, alpha decay
of uranium-238 produces thorium:

2 — 43 Th + 1«

In this example, uranium is the parent nucleus and thorium is the
daughter nucleus. The uranium atom transmutes into an atom of thorium,
a different element. Thorium is also radioactive. It will decay and become
another element, and so on, until eventually a stable element, in this case
lead, results.

An alpha particle has a mass of about 4 u, which is relatively large for
a subatomic particle. Because of its large mass, an alpha particle doesn’t
travel very fast. An alpha particle carries a charge of +2 from its two
protons, and because of this large charge, an alpha particle ionizes other
atoms strongly. Alpha particles lose energy quickly, and they can travel
only a few centimetres in air, but an alpha particle can ionize thousands
of air particles before it slows down. Alpha particles are easily stopped by
anything solid — they can be absorbed by tissue paper or human skin.
They can penetrate a few cells deep into softer tissues inside the body.
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[image: image2.jpg]1. What is radioactive decay?

2. Explain the following terms: parent nucleus, daughter nucleus.

3. In alpha decay, both atomic mass number and charge are conserved. Explain.

Predict the daughter nucleus that results from alpha decay of
radium-226.

Analysis and Solution

From a periodic table, you can see that the atomic number of radium
is 88. So, the parent nucleus is *3Ra. Since the alpha particle carries
away four nucleons, including two protons, A decreases by 4 and

26Ra — 22 Rn + ;a
The periodic table shows that the element with Z = 86 is radon (Rn).

Paraphrase
LThe daughter nucleus from the alpha decay of radium-226 is radon-222.

Beta Decay

Sometimes when a nucleus has too many neutrons to be stable, the nucleus
decays by emitting an electron. A neutron in the nucleus transforms into
a proton, an electron, and an antineutrino (7). This process is called

beta decay (or B decay) (Figure 8.12).

Neutrinos are produced in a variety of interactions, especially in
particle decays. They have no charge and about one ten-millionth the
mass of an electron. They rarely interact with matter. An antineutrino is
the antiparticle of a neutrino.

Since a neutron becomes a proton in beta decay, the atomic number
of the parent nucleus increases by 1, and it transmutes into a new element,
with different properties. But the atomic mass number does not change.

In all types of radioactive decay, charge is conserved: the total electric
charge before and after the decay is the same. In beta decay, charge is conserved
because the charge on the new proton balances the charge on the electron
emitted from the nucleus. This electron is often called a beta particle (),
shown in Figure 8.13. A beta particle is written as 9B in equations.

In general, beta decay can be written as:

where X is the chemical symbol for the parent element and Y is the
symbol for the daughter clement. Here, A is the atomic mass number of
the parent nucleus and Z is its atomic number. For example, beta decay
of thallium-208 produces lead, and the equation is:

208T] — 28Pb + 9B +V
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Practice Problems
Write the ;‘arlpha decay process
- for these elements, and name the
 parent and daughter nlel

e e
Z decreases by 2: 2 ol -
L & 214 | ‘
AX —» 44Y + ja . 3 _‘MPO‘\, ‘
26 Ra — 22 Y + 3 ‘ AHSWEIS ‘

1. B3Th — %Ra + ja, thorium, radium
2. 38U — BiTh + 1, uranium, thorium
3. 2P0 — HPb + ja, polonium, lead

Figure 8.12 During beta decay, a
neutron changes into a proton, an
electron, and an antineutrino. The
weak interaction is responsible
for beta decay.
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Figure 8.13 A beta particle is
an electron.
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[image: image3.jpg]After beta decay, a nucleus may still be unstable, and it may undergo

M alpha decay.

' Explore More High-energy beta particles travel extremely fast, close to the speed of

\; How do astrophysicists use beta ‘ light. Compared to alpha particles, beta particles have very little mass.

}‘* decay to model the universe ! Because they carry a charge, beta particles can ionize atoms, but they

- during its first few minutes? are not as strongly ionizing as alpha particles. Beta particles given off

| by different radioactive materials vary in energy, but most can be easily
stopped by a thin sheet of metal or plastic. Table 8.3 compares the
properties of alpha and beta particles.
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Table 8.3 Properties of Alpha and Beta Particles f
Alpha 4.003 +2 slow about 5 cm in air, high
(o O $He) ~(0.01-0.1)c cannot penetrate skin
Beta 0.0005 | —1 fast about 30-50 cm in moderate
(Borp) ~(0.6—0.99)c air, penetrates about
1 cm into body AL
g
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1. What is a beta particle? Where does it come from? de
ex
2. Why does atomic number increase by one in beta decay?
3. Compare the ability of alpha and beta particles to penetrate tissue.
A
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Find the daughter element for the beta decay of thorium-234. .
A = Analysis and Solution e
: Problems A periodic table shows that the atomic number for thorium is 90:
e the beta decay process for ~ the parent element is * Th. el
> elements, and name the In beta decay, one neutron becomes a proton. So, the value of Z fro»
daughter elements. increases by 1 and A remains the same. The other products are tray
e a beta particle and an antineutrino: boc
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1. BiRa — *Ac + 1B + 7, radium, actinium. The element with atomic number 91 is protactinium.
‘ Itis
Paraphrase Or I
The daughter element from the beta decay of thorium-234 is decs
protactinium-234. accu
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[image: image4.jpg]Gamma Decay

When an electron moves to a lower atomic energy level, a photon of light
is emitted. A similar phenomenon occurs in the nucleus. Nucleons usually
exist at their lowest possible energy level. Sometimes, often following
alpha or beta decay, the nucleons are in a disturbed arrangement, or
an excited state. They rearrange into a lower energy state by emitting
electromagnetic radiation. The difference between energy levels in the
nucleus is much greater than between energy levels of electrons in the atom,
50 the nucleus emits a high-energy gamma photon instead of a photon of
light. This nuclear process, in which the nucleons settle into a lower
energy state and a photon is emitted, is called gamma decay (y decay).
Gamma decay does not change the atomic number or the atomic mass
number of the parent nucleus, so the nucleus does not change into another
element or isotope as in alpha and beta decay. Gamma decay can be
written as:

where * indicates an excited state of the nucleus and gy represents a
gamma ray.

Often, alpha or beta decay leaves the daughter nucleus in a highly
excited state. The excited nucleus then makes a transition to its ground
state, emitting a gamma ray as it does so. For example, when the beta
decay of boron-12 produces carbon-12, the carbon nucleus is highly
excited and quickly emits a gamma ray:

2P s LErl Y
2C* = %G+ §y

A gamma ray is a high-energy photon. Photons have no mass and no
charge. A gamma ray is also a high-frequency electromagnetic wave.
Like all electromagnetic radiation, gamma rays travel at the speed of light.
Since matter is mostly empty space, gamma rays pass through atoms
with little chance of being deflected or absorbed. When a photon does
encounter an atomic particle, it transfers energy to the particle.

Gamma rays do not ionize atoms directly, but they can cause atoms to
emit other particles that will cause ionization. Their high energies, ranging
from 10~'¢ ] to 107** J, give them high penetrating power. Gamma rays can
travel about 2 km in air, and can penetrate all the way through the human
body. A large amount of dense mass, such as lead or other metal, concrete,
or soil, is required to reduce their intensity significantly. Figure 8.14 Figure 8.14 Penetrating power of
compares the penetrating power of alpha, beta, and gamma radiation. alpha, beta, and gamma radiation

paper aluminum  lead

Half-Life

It is impossible to predict when an individual atom of a radioactive isotope, i >

or radioisotope, will decay. Depending on the isotope, the atom could M

decay in a fraction of a second or not for billions of years. However, we can N Explore More

accurately predict the way a large amount of a given isotope will decay. " What sort of visual organization can
Half-life is the time required for one-half of the radioactive nuclei in . display all of the elements and

a sample to decay. The half-life for a given isotope is always the same; it | their isotopes and give you a

doesn’t depend on the size of the sample or on how long the sample has | sense of their stability?

been in existence.
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