Connected Chemistry
Nuclear Unit

Lesson 4: Radioactive Decay
Student’s Lesson at a Glance
Lesson Summary
The final lesson of the unit has five activities. In the Connecting Activity, students are
introduced to ionizing and non-ionizing radiation. Students follow up with an activity in
which they calculate their own personal radiation exposure. The teacher demonstrates the
three types of ionizing radiation with a CCC simulation, and students will create subatomic
sketches and gather data that allow them to correctly identify each process. Students use
another simulation to explore the radioactive decay of three isotopes of different elements.
Students create subatomic sketches and gather data so that they are able to identify the
products of the decay. In the final activity, teachers may show students a video or other media
regarding cold fusion and have them present a short presentation.
SWBAT (Student will be able to)
• Define and describe the process of radioactive decay
•

Identify and describe alpha, beta, and gamma decay

•

Define and describe half-life

•

Calculate half-life

•

Describe the flow of energy in a nuclear reaction

•

Identify the costs and benefits of using nuclear reactions to generate energy

Essential Vocabulary
Keep a list of all important words from this lesson. This list, in addition to
the lists from other lessons, will make studying easier and improve scientific
communication skills. The essential vocabulary from the unit is in bold.
Additional words that will expand your scientific vocabulary are in italics.
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CCC Reminder
•

Prefixes and suffixes on words can help you discover the meaning of a word.

•

Use the vocabulary section and notes section to take good notes so that
studying for tests and quizzes will be easier.

•

Supporting claims with evidence is not only a skill that scientists use, but a
skill that will help you in other classes and everyday life.

•

Draw a key when you are sketching. Keys can help you and others decode
your sketches at a later time.

•

Arrows will be helpful in showing both direction and velocity in your
submicroscopic sketches.

•

There is a periodic table and list of common elements used in the back
of this book. You will need to refer to the periodic table often.

•

Write out all your calculations so you can use them to study or see where
you may have made mistakes if you had an incorrect answer.

•

When making subatomic observations, location of the particles in the
simulation does not indicate the phase of matter.

•

The Greek symbols alpha, beta and gamma will be used in this lesson as a
form of scientific shorthand. α is alpha, β is beta, and λ is gamma.

Notes

Homework

Upcoming Quizzes/ Tests
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Activity 1: Connecting
1. What do you know about how radiation is used? Include both the positive and negative effects of
radiation exposure.

Radiation is a process in which high energy particles or waves travel through empty space.
Radiation is released from either naturally occurring or man-made fission reactions. People are
exposed to some form of radiation every day. According to the Division of Environmental
Health Office of Radiation Protection (2010), the average person in the US is exposed to 324
millirem (mrem) of background radiation, of which 81% comes from natural sources.
The type and amount of radiation determines whether the radiation is a cause of concern
for human health. There are two types of radiation: ionizing radiation and non-ionizing
radiation. For example, sunlight contains both ionizing and non-ionizing radiation.
In physics, students learn about radio waves, microwave waves, infrared, and visible light. All
of these waves are all classified as non-ionizing radiation with very long wavelengths. Nonionizing radiation increases the kinetic energy of the molecules of the substance that it passes
through, but does not have enough energy to create ions. The non-ionizing radiation of
sunlight provides light and warmth. You might remember learning about radio waves,
microwave waves, infrared, and visible light from your physics class. These are all examples of
non-ionizing radiation because they have long wavelengths.
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Chemists study ionizing radiation in the form of ultraviolet (UV) rays, X-rays, and gamma
rays because they are able to create ions. Ionizing radiation with very short wavelengths has
enough energy to make an electron break away from an atom or molecule. Recall that losing
an electron will cause an atom to become a cation, a positively charged ion. Ions are chemically
reactive which can cause major damage to living cells. If the ionizing radiation is strong enough,
damage can be done to DNA, the genetic building blocks of life on earth. Damage to DNA
can cause mutations in the offspring of parents exposed to high levels. With enough exposure
ionizing radiation from the Sun - in the form of UV rays - damage is done to living cells.
2. Compare and contrast ionizing radiation and non-ionizing radiation.

3. What types of energy are involved in ionizing and non-ionizing radiation? Support your claim with

evidence.

Activity 2: Calculating Radiation Exposure
Recall that radiation can be natural and man-made. Some man-made radiation is used for
medical reasons in the treatment of diseases such as cancer. The diagnoses for broken bones,
tumors, and other internal damage that cannot be seen without exploring inside the human body
involves man-made radiation produced by X-ray machines and computer tomography (CT)
scanners.
We are constantly exposed to natural radiation from substances in the Earth, from naturally
occurring radon in the air, and from outer space. Even some of the foods we eat have
absorbed radiation from where it was grown. According to the American Nuclear Society
(2011) people are exposed on average to 620 mrems of radiation each year. Standards
dictate that individuals who work with or around radioactive materials should be exposed
to no more than 5,000 mrems each year. There are surveys available from research and
safety agencies that allow you to calculate how much radiation you are exposed to.
You can access the online or paper version for the American Nuclear Societies’ Radiation
Dose Chart at http://www.new.ans.org/pi/resources/dosechart/
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Activity 3: Simulating Ionizing Radiation
Use Simulation 4, Set 1-3
The amount of damage that ionizing radiation can do to living cells depends on the
energy and type of particles that make up ionizing radiation. There are three types
which include alpha particles, beta negative particles, and gamma rays.
Alpha particles, represented by the Greek symbol α, consist of two protons and two neutrons.
Alpha radiation can penetrate a regular sheet of paper, but will not penetrate human skin or
clothing, so it is unable to do cellular damage.
Beta negative particles, represented
by the Greek symbol β-, are
released when the ratio of neutrons
α
to protons in the nucleus is
high. In this case, a neutron
β
spontaneously transforms into
a proton and a nuclear electron.
Nuclear electrons are different
γ
than electrons that orbit the
nucleus. The proton stays in the
nucleus and the nuclear electron
is ejected with high velocity.
Beta radiation can be prevented
from penetrating human skin
using a thin layer of metal or a thicker layer of plastic.

Paper

Aluminum

Lead

If the ejection of the beta particle does not release enough energy for the nucleus to become
stable, then the nucleus also releases a gamma ray. Gamma radiation is composed of photons
and represented by the symbol γ. This release of energy is the most damaging form of ionizing
radiation because it can pass through most matter and penetrate much farther than alpha or
beta negative particles. Thick lead shielding is used to reduce exposure to gamma radiation.
You may be familiar with having an X-ray taken if you have broken a bone. Gamma
rays should not be confused with X-rays. Both can have damaging effects, but gamma
rays have shorter wavelengths and are much higher in energy than X-rays. X-rays
are more powerful than alpha and beta radiation, but hospitals use shielding in the
walls and in protective gear for patients and employees to limit exposure.
•

Using Simulation 4, Sets 1 -3 ,you will identify what type of ionizing radiation is released in
each set.

•

Select Set 1. Create an initial sketch and record initial data. Run the simulation until a
particle or wave is emitted from the nucleus. Pause the simulation.

•

Create a subatomic sketch and record your observations. Make sure to include a key.

•

Repeat procedure for set 2-3.
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Initial State

Set 1

Create Subatomic Sketch

Final State
Record Data Create Subatomic Sketch Record Data
Mass number
Mass number
Protons

Protons

Neutrons

Neutrons

Set 2

Record Observations

Mass number

Mass number

Protons

Protons

Neutrons

Neutrons

Set 3

Record Observations

Mass number

Mass number

Protons

Protons

Neutrons

Neutrons

Record Observations

Key
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4. What type of radiation is produced in Set 1? Support your claim with evidence.

5. What type of radiation is produced in Set 2?

Support your claim with evidence.

6. What type of radiation is produced in Set 3?

Support your claim with evidence.

7. Compare the composition of alpha and beta particles. Why do you think that alpha particles cannot
penetrate paper, but beta particles can?

8. Why is the density of the shielding material important when designing buildings where radioactive
materials will be used matter?
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Activity 4: Calculating Radioactive Decay
Alpha, beta, and gamma radiation are
produced during radioactive decay.
Radioactive decay occurs when the nucleus
of an unstable atom loses energy by emitting
ionizing radiation. The emission is spontaneous
because the atom decays without any physical
interaction from particles outside the atom.
Radioactive decay is important for dating very
old objects. Scientists use a process called carbon
dating which involves analyzing the decay of
a naturally occurring isotope of carbon, that
is carbon-14 (C-14). Carbon-14 decay can
give scientists, such as paleontolotists, an estimate
of the age of a sample of bone or other organic
material. The amount of time it takes for an unstable
substance to decay can happen in seconds or take
years. The half-life of carbon-14 is 5,730 years,
while the half-life of uranium-235 is 713,000,000
years. Half-life, represented by the symbol t½, is
the time required for half of the atoms in a given
sample to decay. The half-life for any isotope can
be calculated experimentally because each isotope
has a unique half-life value. The value for the half-life is independent of how many atoms of the
substance is in the sample. Recall when an isotope decays through fission, alpha decay, or beta
decay, it becomes another element. Half-life can be calculated with the following equation:
t1/2 =

-t x 0.693
ln (mf ) - ln( mi)

t = time that has passed
mi = initial mass of undecayed sample
Use Simulation 5, Sets 1-3

mf = remaining mass of decayed sample
ln = The natural log or loge(x)

•

Using the simulation, you will gather data to determine the half-life for three different isotopes
of different elements. You will also identify the element that results from the decay of the isotope.

•

Record the name of the initial isotope, initial mass, number of protons, and number of neutrons.

•

Run the simulation for 10 seconds and then pause.

•

Create a subatomic sketch. Create a sketch of the graph and record observations. Record final
mass, product protons, product neutrons, and time. Make sure to include a key and labels for
data.

•

Repeat procedure with sets 2 and 3.
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Subatomic Sketches

Simulation Data
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Subatomic Sketches

Simulation Data
Initial
Protons

Record Your
Observations

Initial
Neutrons

mi

Sketch the Graph

Final

Set 3

Initial

Initial
Isotope

Time

Product
Protons

Product
Neutrons

mf

Key

9. Calculate the half-life for each of the three isotopes. Show your work.

10. Arrange the isotopes in order from greatest to least half-life time.
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11. Why do some isotopes decay over time?

12. What element is the product of the radioactive decay of beryllium-11 (Be-11)? Support your claim

with evidence.

13. What element is the product of the radioactive decay of fluorine-21 (F-21)? Support your claim with

evidence.

14. What element is the product of the radioactive decay of nitrogen-16 (N-16)? Support your claim with

evidence.

15. A student allowed 5 grams of a Be-11 to decay in the simulation for 13.8 seconds. How much of the Be-11 should be left?

Support your claim with evidence.

16. A student left 10 grams of F-21 decay in the simulation for 8.4 seconds. How much of the F-21 would be left?

Support your claim with evidence.

17. How long would it take 20 grams of N-16 to decay into .625 grams?
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Lesson Reflection Questions
18. How does the Law of Conservation of Mass apply to the half-life simulations in this lesson?

19. Give an example an application of half-life in everyday life. Be sure to describe why this is an example of
half-life and what is happening at the subatomic level.

Activity 5: Putting it All Together
Nuclear power comes with great benefits and high risks. The amount of energy that is released
from fission of large atomic nuclei is extremely large. Advocates for nuclear power believe that
it is a cleaner source of energy than burning fossil fuels. Several nuclear power plant disasters
across the globe have made some people question how safe nuclear power is relative to other
sources of energy. The byproducts of fission reactions include radioactive waste, which must be
handled with caution to prevent radiation from leaking into the environment. What would
happen if there was a nuclear reaction that could produce just as much power as those in regular
nuclear power plants, but used water as fuel and had no threat of radioactive byproducts?
Fusion reactions only occur in the Sun. However, for many years some scientists have been
experimenting with a process called cold fusion. With cold fusion, these scientists believe they
can solve the energy crisis by providing an unlimited source of power. The promise of cold
fusion has had many scientific highs, but ultimately many lows since it has yet to be achieved.
Using the media provided by your teacher and through your own research, you will explore
what cold fusion is, how cold fusion works, and how the scientific community has responded to
the findings from cold fusion experiments. You will present what you have learned in a group
presentation to your class.
In your final presentation you must:
•

Define cold fusion

•

Explain how cold fusion works using appropriate diagrams

•

Explain how cold fusion is different from other forms of nuclear reactions, including fission
and regular fusion.

•

Describe the benefits and risks of cold fusion

•

Explain the controversy surrounding cold fusion

•

Explain the role of reproducibility in the scientific community and how it relates to cold
fusion
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