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Activity ¢: Radicactive Decay Chain

Objectives

Students will:
e Learn about radioactive decay and decay chains.
e Observe a decay chain.
¢ |dentify types of radiation emitted with each step in the decay chain.

NOTE: Students should be familiar with atomic structure and the concept of radioactivity prior to
completing this activity. The information presented in Activity 2: Atomic Math and Shorthand
may help introduce the concepts needed to complete this activity.

Next Generation Science Standards

The concepts in this activity can be used to support the following science standard:
e PS1. Structure and Properties of Matter.

Materials and Resources

Evolution of a Radioactive Atom: Teacher Background Information.
Vocabulary Materials.
Computer and/or projector to display information.
Decay Chain Examples (display or distribute to students) and Decay Chain Examples
Teacher Answer Key.
o Decay Chain Worksheet (one per student, pair or group) and Decay Chain Teacher
Answer Key teacher answer key.
Periodic Table of Elements (to display or distribute to students).
o Student computers with Internet access to Radiation Basics: http://www?2.epa.gov/
radiation/radiation-basics

Time
45-60 minutes, not including optional activities or extensions.

Vocabulary

Atom

Alpha particles
Beta particles
Decay chain
Gamma rays
Half-life

lonizing radiation
Radiation
Radioactive atom
Radioactive decay
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Directions

1. Start with a vocabulary activity if students are not familiar with radiation and the terms used
in this activity, or provide students with the terms and definitions.

2. Ask students what happens when things (e.g., plants, food and wood) decay. Students
should address how the items change in composition over time. Prompt students to
hypothesize whether things decay at the same rate and in the same way.

3. Ask students to hypothesize how radioactive atoms or materials decay. Radioactive decay
occurs when an unstable (radioactive) atom gives off energy (in the form of ionizing
radiation) as it attempts to become a stable atom and is no longer radioactive.

4. Display or provide students with a copy of the Decay Chain Examples.

5. Review the examples and work through the questions listed on the Decay Chain Examples
Teacher Answer Key with students.

6. Distribute the Decay Chain Worksheet and the Periodic Table of Elements. Have students
examine each decay chain, identify the elements (or isotopes) within each decay chain, and
determine whether each transformation is due to the emission of an alpha or beta particle.
The Decay Chain Teacher Answer Key provides questions and answers to review with
students.

7. Have students share (orally or in writing):

e What they have learned from the activity.

e How we might use and benefit from radioactive elements that decay. We use
radioactive elements for many different purposes. Beta-emitting elements with
short half-lives are used in nuclear medicine, imaging and gauges. For example,
cesium-137 is used in medical therapy to treat cancer and in moisture-density
gauges, leveling gauges and thickness gauges. Alpha-emitting elements with
longer half-lives are used for industrial purposes. For example, americium-241 is
used in nuclear gauges, plutonium-238 is an alpha-emitting isotope that is used
for generation of electric power in space probes.

8. Optional activities or extensions: Have students:

e Diagram a decay chain for a particular radioactive element. The diagram can be simple
(e.g., use elements with shorter chains or use a portion of longer decay chains) or
complex, based on the time available. The diagram can be completed on paper or
electronically.

e Plot decay chains (e.g., using the radon chain on the Decay Chain Worksheet or others
that students create) on a graph with the atomic numbers identified on one axis (x or y)
and the atomic mass on the other (x or y).
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Decay Chain Examples

Cesium (Cs) Americium (Am)

BY o

137
30.17 years 56 Ba 432.7 years

Key
Alpha particle: O

Beta particle: B

Gamma ray: T

% RN

In the example, Rn is the atomic symbol for the element Radon. The
number 222 indicates the atomic mass of the element (or isotope).
The number 86 respresents the element’s atomic number.

_
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Decay Chain Examples Teacher Answer Key

Cesium (Cs) Americium (Am)

BY o

30.17

years 122 Ba 432.7 years
Cesium-137 is an isotope of cesium Americium—-241 is produced in
that is produced when uranium and the same process as Cesium-
plutonium absorb neutrons and 137; it is an isotope of
undergo fission (the splitting of a americium that is used in
nucleus into at least two other nuclei ionizing smoke detectors and
and the release of arelatively large nuclear gauges.

amount of energy; used to generate
nuclear power).

The number of years listed in the example is the half-life for each element. Half-life is the
amount of time it takes for approximately one-half of the radioactive atoms to decay.
Radioactive elements decay at different rates (e.g., cesium has a half-life of 30.17 years
and americium—241 has a half-life of 432.7 years).

1. What forms of radiation are released when cesium (Cs) converts to barium (Ba)?
Beta particle and gamma rays.

2. What change occurs in the atomic properties of cesium (Cs) when it converts to barium
(Ba)? Why?
The number of protons increases by one and cesium (55) becomes barium (56)
because before a beta particle is released a neutron changes into a proton and an
electron. The proton stays in the nucleus and the electron is ejected from the nucleus
in the form of beta particles. The release of a beta particle decreases the number of
neutrons by one and increases the number of protons by one.

3. What form of radiation is released when americium (Am) converts to neptunium (Np)?
Alpha particle.

4. What change occurs in the atomic properties of americium (Am) when it converts to
neptunium (Np)? Why?
An alpha particle is made up of two protons (+2) and two neutrons from the atom'’s
nucleus. When the ratio of neutrons to protons in the nucleus is too low, certain
atoms restore the balance by emitting alpha particles. This reduces the number of
protons by two, changing americium (95) to neptunium (93).
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Decay Chain Worksheet

Examine each decay chain and identify the element. Then indicate whether each transformation
is due to the emission of an alpha or beta particle by writing in the corresponding symbol.
Sometimes gamma rays are released but because the release of gamma rays does not affect
atomic mass or atomic number the exercise is focused on alpha and beta emissions.

Y

60 H
% NI

N

5.27 years
222 R
86 n
3.8 days
218P
84 O
3 minutes

=Pb |

27 minutes

214
83

20 minutes

Key
Alpha particle: O

Beta particle: B

Gamma ray: T

222

s RN

In the example, Rn is the
atomic symbol for the
element Radon. The number
222 indicates the atomic
mass of the element (or
isotope). The number 86
respresents the element’s
atomic number.

Bi

% Po

.0002 seconds

=Pb |
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Decay Chain Teacher Answer Key

Examine each decay chain and identify the element. Then indicate whether each transformation
is due to the emission of an alpha or beta particle by writing in the corresponding symbol.
Sometimes gamma rays are released but because the release of gamma rays does not affect
atomic mass or atomic number the exercise is focused on alpha and beta emissions.

Key
Alpha particle: O
Cobalt-60 B Y

Beta particle: B
5.27 60 NI;
years o NI

Gamma ray: T
Nickel-60

e RN

In the example, Rn is the
2 Rn atomic symbol for the

_ 86
Radon-222 ol element Radon. The
number 222 indicates the
38days ((5qg atomic mass of the element
84 PO (or isotope). The number 86
Polonium-218 o respresents the element’s
atomic number.
3 minutes
214 Pb B
82
Lead-214 R— St
minutes
s3 Bl
Bismuth-214 A
20 minutes

s PO

Polonium-210
.0002 seconds

ol

£Pb

Lead—-206
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