
Section

4 Radioactive 
Elements

Objectives
After this lesson, students will be able to
K.4.4.1 Describe how radioactivity was 
discovered.
K.4.4.2 Identify the types of particles and 
energy that radioactive decay can produce.
K.4.4.3 Describe how radioactive isotopes 
are useful.

Target Reading Skill
Building Vocabulary Explain that 
knowing the definitions of key-concept 
words helps students understand what 
they read.

Answer
Suggest that students construct a crossword 
puzzle using the key terms. Have students 
exchange puzzles and solve them.

Preteach

Build Background 
Knowledge
Experience With Radioactivity
Ask: What do you know about 
radioactivity? (Sample answer: It is 
dangerous. It can give you cancer.) Tell 
students that they will learn how atoms 
change when they are radioactive and how 
radioactivity is useful in science, medicine, 
and industry.

L2

Skills Focus Drawing conclusions

Materials round or cylindrical container 
such as a coffee can, ruler, scissors

Time 10 minutes

Tips Draw a sample circle on the board to 
show students how to make the correct 
divisions on their paper circles.

L2 Expected Outcome Students will cut 
away half their paper each time.

Think It Over The piece of paper 
decreases by half each time. Sample 
answer: The radioactive material would 
continue to decrease by half until it 
became so small that it would be 
impossible to remove more.

Video Preview
Video Field Trip
Video Assessment  

Exploring Materials

Material Profiles
In this chapter, you will explore the properties of 
different types of materials. As you read this chapter, 
you will survey different materials found around you. 

Your Goal  To collect and investigate different 
materials found around you

To complete the project, you must

● collect at least eight material samples from at least 
three different locations

● identify several properties of each material
● create an informative display about 

these materials
● follow the safety guidelines in 

Appendix A 

Plan It! With a group of classmates, 
brainstorm a list of the prop-
erties of various materials 
and how you might test 
these properties. You’ll be 
working on this project as you 
study this chapter. When you fin-
ish Section 1, describe some 
polymers and composites you 
chose to collect and begin 
preparing a showcase. Add 
information when you finish 
Section 2, and complete your 
list of materials at the end 
of the chapter. Finally, 
present your completed 
showcase to the class.

4 Radioactive Elements

Reading Preview
Key Concepts
• How was radioactivity 

discovered?

• What types of particles and 
energy can radioactive decay 
produce?

• In what ways are radioactive 
isotopes useful?

Key Terms
• nuclear reaction
• radioactive decay
• radioactivity
• alpha particle
• beta particle
• gamma radiation
• half-life
• radioactive dating
• tracer

Target Reading Skill
Building Vocabulary  A
definition states the meaning of 
a word or phrase by explaining 
its most important feature or 
function. After you read the 
section, reread the paragraphs that 
contain definitions of Key Terms. 
Use all the information you have 
learned to write a definition of 
each Key Term in your own words.

What if you could find a way to turn dull, cheap lead metal into
valuable gold? More than a thousand years ago, many people
thought it was a great idea, too. They tried everything they
could think of. Of course, nothing worked. There is no chemi-
cal reaction that converts one element into another. Even so,
elements do sometimes change into other elements. A ura-
nium atom can become a thorium atom. Atoms of carbon can
become atoms of nitrogen. (But lead never changes into gold,
unfortunately!) How is it possible for these changes to happen?

FIGURE 16
Trying to Make Gold From Lead
This painting from 1570 shows 
people trying to change lead into 
gold. No such chemical reaction 
was ever accomplished.

How Much Goes Away?
1. Make a circle about 8–10 centimeters in 

diameter on a piece of paper. You can do 
this by tracing the rim of a round container.

2. Use a straightedge to draw a line dividing the 
circle in half. Then divide one half into quarters, 
then into eighths, and so on, as shown in the diagram.

3. With scissors, cut out your circle. Now cut away the undivided 
half circle. Next, cut away the undivided quarter circle. 
Continue until you are left with one segment.

4. Place the segments on your desktop in the order you cut them.

Think It Over
Drawing Conclusions How is the piece of paper changing each 
time? Suppose the original circle was a model for a sample of 
radioactive material, and the paper you cut away is material 
that became nonradioactive. What would eventually happen?



Differentiated Instruction

Instruct

Radioactivity

Teach Key Concepts
The Discovery of Radioactivity
Focus Explain that Marie Curie, her 
husband Pierre, and Henri Becquerel were 
the first scientists to study radioactivity.

Teach Ask: What element was in the 
mineral that Henri Becquerel was 
studying? (Uranium) What did he observe? 
(The mineral sample left an image on a 
photographic plate in sunlight and in the 
dark.) What did the Curies conclude the 
source of the energy to be? (The nucleus of 
the atom was unstable and gave off energy 
spontaneously.)

Apply Ask: What two radioactive elements 
did the Curies isolate? (Polonium and 
radium) learning modality: verbal

Modeling Nuclear Reactions

Materials modeling clay in 3 colors

Time 15 minutes

Focus Tell students that nuclear reactions 
do not involve electrons, only protons and 
neutrons.

Teach Instruct students to construct an 
atom of any element, using different colored 
clay balls for the appropriate number of 
protons, neutrons, and electrons. Have them 
assume the atom is unstable (though it 
actually may not be), and have them then 
model radioactive decay.

Apply Ask: What is the new identity of 
your atom after radioactive decay? (Sample 
answer: Carbon became lithium.) learning 
modality: kinesthetic

Independent Practice
Teaching Resources

• Guided Reading and Study Worksheet: 
Radioactive Elements

 

Student Edition on Audio CD

L2

L2

L2

Less Proficient Readers
Vocabulary Building Write each key 
term and pronounce it for students. Invite 
them to repeat after you. Discuss the 
meaning of each term, and then have 
students begin a glossary of terms for the 
section. Help students write a definition of 

L1 each term using words that are meaningful 
to them. Encourage them to use diagrams 
whenever possible. Then have students read 
the section along with the Student Edition 
on Audio CD. Instruct them to add any 
words they do not know to their glossaries. 
learning modality: verbal

Radioactivity
You learned in Chapter 14 that the number of protons
in the nucleus of an atom determines its identity. Since
chemical change involves only an atom’s electrons, a
chemical reaction can’t convert one element into a dif-
ferent element. Such a change happens only during
nuclear reactions (NOO klee ur)—reactions involving
the particles in the nucleus of an atom.

Remember that atoms with the same number of
protons and different numbers of neutrons are called
isotopes. Some isotopes are unstable; that is, their
nuclei do not hold together well. In a process called
radioactive decay, the atomic nuclei of unstable iso-
topes release fast-moving particles and energy.

Discovery of Radioactivity In 1896, the French
scientist Henri Becquerel discovered radioactive
decay quite by accident while studying a mineral
containing uranium. He observed that with expo-
sure to sunlight, the mineral gave off a penetrating
energy that could expose film. Becquerel assumed
that sunlight was necessary for the energy release. So,
when the weather turned cloudy, he put away his
materials in a dark desk drawer, including a sample of
the mineral placed next to a photographic plate
wrapped in paper. Later, when Becquerel opened his
desk to retrieve these items, he was surprised to dis-
cover an image of the mineral sample on the photo-
graphic plate. Sunlight wasn’t necessary after all.
Becquerel hypothesized that uranium spontaneously
gives off energy, called radiation, all the time. But if
so, what was the source of the energy?

Becquerel presented his findings to a young
researcher, Marie Curie and her husband, Pierre. After
further study, the Curies concluded that a reaction was
taking place within the uranium nuclei. Radioactivity
is the name that Marie gave to this spontaneous emis-
sion of radiation by an unstable atomic nucleus.

How is a nuclear reaction different from 
a chemical reaction?

FIGURE 17
Radiation From Uranium
As with Becquerel’s discovery, 
radiation from the uranium-
containing mineral has exposed 
the photographic film.

FIGURE 18
Marie Curie
Marie Curie, her husband Pierre, and 
Henri Becquerel, pioneered the study of 
radioactive elements.
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Types of Radioactive 
Decay

Teach Key Concepts
Comparing Types of Radioactive 
Decay
Focus Tell students that three forms of 
radiation are produced during radioactive 
decay.

Teach Begin a compare/contrast table for 
the three types of radioactive decay. Use the 
diagrams in Figure 19 to discuss each type. 
Ask questions such as: What particle is 
released during alpha decay? (Alpha 
particle) What is the electric charge of this 
particle? (Positive) How does this type of 
decay change the atom? (Reduces atomic 
number by 2 and atomic mass by 4) Is the 
resultant atom a different element? (Yes)  
Repeat these questions with beta decay and 
gamma radiation. (When students study 
Figure 20 on the next page, have them add 
information to the table about what material 
can block each kind of radiation and what 
kind of injury the radiation can cause.)

Apply Ask: Does radioactive decay occur 
in the nuclei of all atoms? (No. Only in the 
nuclei of unstable atoms) learning 
modality: visual

Teaching Resources

• Transparency K36

L2

Monitor Progress L2

Skills Check Have students compare and 
contrast alpha, beta, and gamma decay.

Answers
Figure 19 Beta decay produces a negatively 
charged particle.

A nuclear reaction involves
protons and neutrons of 

atoms and can change atoms of one element 
into atoms of another kind of element. A 
chemical reaction involves only electrons 
and cannot change the identity of an atom.

Video Preview
Video Field Trip
Video Assessment  

Exploring Materials

Material Profiles
In this chapter, you will explore the properties of 
different types of materials. As you read this chapter, 
you will survey different materials found around you. 

Your Goal  To collect and investigate different 
materials found around you

To complete the project, you must

● collect at least eight material samples from at least 
three different locations

● identify several properties of each material
● create an informative display about 

these materials
● follow the safety guidelines in 

Appendix A 

Plan It! With a group of classmates, 
brainstorm a list of the prop-
erties of various materials 
and how you might test 
these properties. You’ll be 
working on this project as you 
study this chapter. When you fin-
ish Section 1, describe some 
polymers and composites you 
chose to collect and begin 
preparing a showcase. Add 
information when you finish 
Section 2, and complete your 
list of materials at the end 
of the chapter. Finally, 
present your completed 
showcase to the class.

Polonium and Radium Marie Curie was surprised
to find that some minerals containing uranium were
even more radioactive than pure uranium. Suspecting
that the minerals contained small amounts of other,
highly radioactive elements, the Curies set to work.
They eventually isolated two new elements, which
Marie named polonium and radium.

Types of Radioactive Decay
There are three major forms of radiation produced
during the radioactive decay of an unstable nucleus.
Natural radioactive decay can produce alpha
particles, beta particles, and gamma rays. The parti-
cles and energy produced during radioactive decay
are forms of nuclear radiation.

Alpha Decay An alpha particle consists of two
protons and two neutrons and is positively charged. It
is the same as a helium nucleus. The release of an
alpha particle by an atom decreases the atomic num-
ber by 2 and the mass number by 4. For example, a
thorium-232 nucleus decays to produce an alpha par-
ticle and a radium-228 nucleus.

Beta Decay Some atoms are unstable because they
have too many neutrons. During beta decay, a neutron
inside the nucleus of an unstable atom changes into a
negatively charged beta particle and a proton. A
beta particle is a fast-moving electron given off by a
nucleus during radioactive decay. The new proton
remains inside the nucleus. That means that the
nucleus now has one less neutron and one more pro-
ton. Its mass number remains the same but its atomic
number increases by 1. For example, a carbon-14
nucleus decays to produce a beta particle and a nitro-
gen-14 nucleus.

Gamma Radiation Alpha and beta decay are
almost always accompanied by gamma radiation.
Gamma radiation consists of high-energy waves, sim-
ilar to X-rays. Gamma radiation (also called gamma
rays) has no charge and does not cause a change in
either the atomic mass or the atomic number.

FIGURE 19

Radioactive Decay
Radioactive elements give off particles 
and energy during radioactive decay.  
Interpreting Diagrams  Which type of 
radioactive decay produces a negatively 
charged particle?

Radioactive
nucleus

2 protons and
2 neutrons lost

Alpha
particle

Radioactive
nucleus

One less neutron
one more proton

Beta
particle

Radioactive
nucleus

No gain or loss
of particles

Gamma
rays

Alpha Decay

Gamma Decay

Beta Decay
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Use Visuals: Figure 20
The Energy of Nuclear Radiation
Focus Have students study the diagram in 
Figure 20 and read the caption.

Teach Ask: Which type of radiation is the 
least penetrating? (Alpha radiation) Which 
particle has the largest mass? (Alpha 
particles) Point out that because of their large 
mass and large charge, alpha particles are 
easily blocked. Ask: Why might gamma rays 
have such high penetrating power? (They 
have no mass and no charge.)

Apply Remind students that Henri 
Becquerel wrapped the photographic plate in 
paper. Ask: Which type of nuclear radiation 
was blocked from exposing the film? (Alpha 
particles; they are blocked by a sheet of paper.) 
learning modality: visual

Teaching Resources

• Transparency K37

 
Address Misconceptions

Atoms That Cause Decay
Focus Some students may think that all 
atoms produce nuclear radiation.

Teach Emphasize that only unstable atoms 
undergo radioactive decay, producing 
nuclear radiation. Remind students of 
isotopes. Draw the nucleus of carbon-12 
(6 protons and 6 neutrons) and the nucleus 
of carbon-14 (6 protons and 8 neutrons). 
Explain that carbon-12 is a stable isotope 
of carbon. Its nucleus does not decay. 
Carbon-14 is an unstable isotope. It has an 
unstable nucleus because there are too many 
neutrons relative to the number of protons.

Apply Ask: What is the relationship 
between carbon–12 and carbon–14? 
(Carbon–12 and carbon–14 are isotopes of the 
same element. Carbon–12 is a stable atom of 6 
protons and 6 neutrons. Carbon–14 is an 
unstable atom because it has 8 neutrons 
instead of 6.) learning modality: verbal

L2

L1

Skills Focus Calculating

Materials calculator

Time 10 minutes

Tips If students have difficulty 
determining which operation to perform, 
help them assign units to each number. 
The units will guide them through the 
calculation.

L2

Expected Outcome 5 half-lives × 
5,730 years/half-life = 28,650 years. The 
fossils are 28,650 years old.

Extend Challenge students to calculate 
how much older the fossil could have been 
before its age would have had to be found 
using a different isotope. (60,000 years −
 28,650 years = 31,350 years. If the fossil 
had been 31,350 years older, carbon-14 
could not be used to find its age.) learning 
modality: logical/mathematical

Effects of Nuclear Radiation  Although alpha particles
move very fast, they are stopped by collisions with atoms. In
Figure 20, you can see that alpha particles are blocked by a
sheet of paper. Alpha radiation can cause an injury much like a
bad burn. 

Beta particles are much faster and more penetrating than
alpha particles. They can pass through paper, but they are
blocked by an aluminum sheet 5 millimeters thick. Beta parti-
cles can also travel into the human body and damage its cells.

Gamma rays are the most penetrating type of radiation.
You would need a piece of lead several centimeters thick or a
concrete wall about a meter thick to stop gamma rays. They
can pass right through a human body, delivering intense
energy to cells and causing severe damage.

How can alpha radiation affect the body?

Using Radioactive Isotopes
The decay of radioactive isotopes makes them useful in many
ways. Uses include determining the ages of natural materials
on Earth, tracing the steps of chemical reactions and indus-
trial processes, diagnosing and treating disease, and provid-
ing sources of energy. These uses stem from two key
properties of radioactive isotopes: First, radioactive isotopes
change into different kinds of matter, and second, they give off
detectable radiation.

Radioactive
sample

Alpha
particles

Beta
particles

Gamma
raysLead box

Paper
Aluminum
sheet

Concrete

Alpha particles
are blocked.

Beta particles 
are blocked.

Most gamma
rays are blocked.

FIGURE 20
The Penetrating Power of Nuclear Radiation
The three types of nuclear radiation were 
named based on how easily each one could be 
blocked. Alpha, beta, and gamma are the first 
three letters of the Greek alphabet.
Inferring Which type of nuclear 
radiation is the most penetrating?

Calculating
Carbon-14 has a half-life of 
5,730 years. Data from several 
newly discovered fossils shows 
that carbon-14 has undergone 
decay in the fossils for five 
half-lives. Calculate the age of 
the fossils.

Administrator
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Using Radioactive 
Isotopes

Teach Key Concepts
Comparing Types of 
Radioactive Decay
Focus Tell students that the decay of 
radioactive isotopes has many uses.

Teach Begin a list on the board of the uses of 
radioactivity. Ask: What are some ways 
radioactive isotopes are used? (To determine 
the ages of natural materials on Earth, trace 
the steps of chemical reactions, diagnose and 
treat disease, and provide energy) Elicit from 
students details about each use and add 
them to the list.

Apply Ask: Why are radioactive materials 
dangerous? (Radiation can cause illness, 
disease, or death because it penetrates tissues, 
interfering with chemical reactions in cells.)

Extend The active art will show students 
how radioactive tracers are used to study 
plant processes. learning modality: visual

Integrating Earth Science
Ask: What kinds of objects can be dated 
using carbon-14? (Only objects that 
originally contained carbon, such as plants, 
animals, and objects made from living things, 
and objects that are not more than 60,000 
years old.) Begin a list of class suggestions of 
what an archaeologist might find. Ask 
students to review the list and identify 
objects that could not be dated using 
carbon-14. learning modality: verbal

L2

L2

Monitor Progress L2

Drawing Have students draw a diagram 
to model the half-life of a radioactive 
element.

Students can save their diagrams 
in their portfolios.

Answers
Figure 20 Gamma radiation is the most 
penetrating.

Alpha radiation can cause an 
injury much like a bad burn.

Video Preview
Video Field Trip
Video Assessment  

Exploring Materials

Material Profiles
In this chapter, you will explore the properties of 
different types of materials. As you read this chapter, 
you will survey different materials found around you. 

Your Goal  To collect and investigate different 
materials found around you

To complete the project, you must

● collect at least eight material samples from at least 
three different locations

● identify several properties of each material
● create an informative display about 

these materials
● follow the safety guidelines in 

Appendix A 

Plan It! With a group of classmates, 
brainstorm a list of the prop-
erties of various materials 
and how you might test 
these properties. You’ll be 
working on this project as you 
study this chapter. When you fin-
ish Section 1, describe some 
polymers and composites you 
chose to collect and begin 
preparing a showcase. Add 
information when you finish 
Section 2, and complete your 
list of materials at the end 
of the chapter. Finally, 
present your completed 
showcase to the class.

Element Half-Life

Uranium-235

Carbon-14 5,730 years

Chlorine-36 400,000 years

Iodine-131 8.07 days

Cobalt-60 5.26 years

Phosphorus-32 14.3 days

Polonium-216 0.16 second

Radium-226 1,600 years

Sodium-24 15 hours

710 million years

4.5 billion yearsUranium-238

Half-Lives of Some
Radioactive Isotopes

Radioactive Dating When the atoms of a radioactive iso-
tope decay, they can change into other kinds of atoms. How-
ever, not all the atoms of a radioactive sample decay at once.
They decay randomly, one at a time. Although you can’t pre-
dict when any particular nucleus will decay, the time it takes
for half the atoms to change can be measured. The half-life of
an isotope is the length of time needed for half of the atoms of
a sample to decay. The half-life is different for each isotope. As
you can see in Figure 21, half-lives can range from less than a
second to billions of years!

Fossils are the traces or remains of living things that have been
preserved. The half-lives of certain radioactive isotopes are useful
in determining the ages of rocks and fossils. For example, as
plants grow they use carbon dioxide (CO2) from the air. Some
carbon dioxide contains carbon-14, which becomes part of the
plant’s structures the same way carbon-12 does. After the plant
dies, it stops taking in carbon dioxide. If the plant’s remains are
preserved as a fossil, the amount of carbon-14 present can be
measured. From the data, scientists can calculate how many half-
lives have passed since the plant was alive. In this way, they can
estimate the age of the fossil and its surrounding rock. This
process is called radioactive dating.

Because the half-life of carbon-14 is only 5,730 years, it
cannot be used to find the ages of objects older than about
60,000 years. Other isotopes, such as potassium-40 and
uranium-238, are used to study older fossils, rocks, and objects
used by early humans.

FIGURE 21
The half-lives of radioactive 
isotopes vary greatly.

FIGURE 22
Radioactive Dating
Using the known half-lives of 
certain radioactive isotopes, such 
as uranium-238, scientists can 
determine the age of ancient 
objects. This saber-toothed 
cat lived about 25 million 
years ago.



Differentiated Instruction
Gifted and Talented
Detecting Radiation Explain that 
detecting radiation is the first step in using 
it safely. Three methods are used to detect 
radiation, the Geiger counter, a 
scintillation counter, and a film badge. 
Have students determine which is the best 

L3 detector to monitor exposure to radiation if 
they were a scientist studying how a plant 
takes up phosphorus. Students can write a 
summary of their findings that includes 
reasons that the selected detector is the best 
choice. learning modality: verbal

Solution with radioactive 
phosphorus-32 is added to 
the soil.

Phosphorus-32 moves 
into the leaves.

Phosphorus-32 is absorbed 
by the roots of the plant 
and moves up the stem.

Gamma radiation

Uses in Science and Industry Like a lighthouse flashing
in the night, a radioactive isotope “signals” where it is. Tracers
are radioactive isotopes that can be followed through the steps
of a chemical reaction or industrial process. Tracers behave the
same way as nonradioactive forms of an element. Scientists can
follow tracers, using equipment that detects radiation. This
technique is helpful for studying reactions in living organisms,
as shown in Figure 23. Phosphorus is used by plants in small
amounts for healthy growth. A plant will absorb radioactive
phosphorus-32 added to the soil just as it does the nonradioac-
tive form. Radiation will be present in any part of the plant that
contains the isotope. In this way, biologists can learn where
and how plants use phosphorus.

In industry, tracers are used to find weak spots in metal
pipes, especially oil pipelines. When added to a liquid, tracers
can easily be detected if they leak out of the pipes. Engineers
use gamma radiation from radioactive isotopes to look for
flaws in metal. Gamma rays can pass through metal and be
detected on a photographic film. By looking at the gamma-ray
images, structural engineers can detect small cracks in the
metal of bridges and building frames. Without these images, a
problem might not be discovered until a disaster occurs.

FIGURE 23

Radioactive Tracers 
Phosphorus-32 added to soil is 
absorbed through the plant’s 
roots. The tracer can be detected 
in any plant structures in which 
phosphorus is used.

For: Radioactive Tracers activity
Visit: PHSchool.com
Web Code: cgp-1044

Use Visuals: Figure 23
Following Radioactive Tracers
Focus Invite students to examine Figure 23.

Teach Ask: What radioactive isotope is 
used as the tracer? (Phosphorus-32) In this 
experiment, what are researchers trying 
to learn? (Where and how plants use 
phosphorus) Why does this experiment 
work? (Plants use the radioactive isotope of 
phosphorus just as they do the nonradioactive 
form.)

Apply Ask: Where does the radioactive 
phosphorous finally go in the plant? (To the 
leaves) learning modality: visual

Teaching Resources

• Transparency K38

Designing Experiments Using 
Radioactive Tracers

Materials none

Time 15 minutes

Focus Remind students that a good 
experiment begins with a hypothesis. A good 
experimental design has identified variables, 
a complete procedure, and a well-organized 
data table.

Teach Direct student groups to design an 
experiment in which a radioactive tracer is 
used to determine whether plant seeds 
contain phosphorus from the soil.

Apply Ask: What is the hypothesis of your 
experiment? (Sample answer: Seeds will 
contain phosphorus absorbed from the soil.)
learning modality: logical/mathematical

For: Radioactive Tracers activity
Visit: PHSchool.com
Web Code: cgp-1044

Students can examine how radioactive tracers move 
through a plant.

L2

L2
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Integrating Health
Students may wonder how gamma rays can 
be targeted at cancer cells without affecting 
body cells. Explain that healthy cells are 
affected during radiation therapy but that 
doctors shield the surrounding areas from 
radiation and use equipment that can deliver 
strong doses of radiation to a concentrated 
area. Because cancer cells divide rapidly, they 
are more affected by radiation than other 
cells. However, the side effects of radiation, 
such as hair loss and skin disorders, often 
occur when the radiation affects healthy 
cells that usually divide rapidly. learning 
modality: verbal

Help Students Read
Relating Cause and Effect Explain that an 
effect is what happens because of a cause. 
Invite students to look at the body scans in 
Figure 24. Then have them read to find out 
how these body scans were made. Ask: What 
causes the images of the bones? 

 

(Radioactive 
tracers, such as technetium-99, that were 
injected into the body)

 

 Encourage students to 
write a detailed explanation of the cause.

L2

Monitor Progress L2

 

Writing

 

Have students describe two uses for 
radioactive isotopes and explain the 
properties of the radioactive isotopes that 
make these uses possible.

Students can save their 
descriptions in their portfolios.

 

Answer

 

Figure 25

 

The ocean vessel does not need 
to return frequently to port for refueling.

 

Uranium-235 is most often 
used as a fuel source for 

nuclear power plants.

Video Preview
Video Field Trip
Video Assessment  

Exploring Materials

Material Profiles
In this chapter, you will explore the properties of 
different types of materials. As you read this chapter, 
you will survey different materials found around you. 

Your Goal  To collect and investigate different 
materials found around you

To complete the project, you must

● collect at least eight material samples from at least 
three different locations

● identify several properties of each material
● create an informative display about 

these materials
● follow the safety guidelines in 

Appendix A 

Plan It! With a group of classmates, 
brainstorm a list of the prop-
erties of various materials 
and how you might test 
these properties. You’ll be 
working on this project as you 
study this chapter. When you fin-
ish Section 1, describe some 
polymers and composites you 
chose to collect and begin 
preparing a showcase. Add 
information when you finish 
Section 2, and complete your 
list of materials at the end 
of the chapter. Finally, 
present your completed 
showcase to the class.

Uses in Medicine Doctors use radioactive iso-
topes to detect medical problems and to treat some
diseases. Tracers injected into the body travel to
organs and other structures where that chemical is
normally used. Using equipment that detects radia-
tion, technicians make images of the bone, blood
vessel, or organ affected. For example, tracers made
with technetium-99 are used to diagnose problems
in the bones, liver, kidneys, and digestive system.

In a process called radiation therapy, radioactive
elements are used to destroy unhealthy cells. For
example, iodine-131 is given to patients with
tumors of the thyroid gland—a gland in the neck
that controls the rate at which nutrients are used.
Because the thyroid gland uses iodine, the radioac-
tive iodine-131 collects in the gland. Radiation from
this isotope destroys unwanted cells in the gland
without serious effects on other parts of the body.

Cancer tumors of different kinds often are treated
from outside the body with high-energy gamma rays.
Many hospitals use cobalt-60 for this purpose. When
gamma radiation is directed toward a cancer tumor,
it causes changes that kill the cancer cells.

Nuclear Power Some power plants use radioac-
tive isotopes as fuel. The nuclei of certain radioac-
tive isotopes are made to split into smaller
fragments, releasing enormous amounts of energy. Carefully
controlled reactions, most often using uranium-235, provide
electric energy in many parts of the world. And nuclear reac-
tions provide the energy for nuclear submarines and other
types of ocean vessels.

What is the fuel source for nuclear power plants?

FIGURE 25
Nuclear Power
By using nuclear power, this 
submarine can operate for years 
without refueling. Inferring Why
is this an advantage for an ocean 
vessel?

FIGURE 24
Radioactive Isotopes in Medicine
Front and back body scans of a healthy patient 
were made using a radioactive isotope.

BackFront

 



Monitor Progress L2

Answer
Materials with low levels of 
radiation may be buried in 
landfills.

Assess

Reviewing Key Concepts
1.  a. Becquerel observed that a mineral 
containing uranium produced an image on 
a photographic plate.  b. Sample answer: 
Radiation produced by the uranium in the 
mineral caused an image on the film.  
c. When the Curies further explored 
Becquerel’s findings, they discovered the new 
elements polonium and radium.
2.  a. The three products of radioactive 
decay are alpha particles, beta particles, and 
gamma rays.  b. Most penetrating—gamma; 
less penetrating—beta; least penetrating—
alpha  c. Aluminum-28 is formed.
3.  a. Radioactive isotopes behave the same 
way as nonradioactive forms of an element. 
Scientists can follow tracers with equipment 
that detects radiation.  b. Gamma radiation 
can cause changes in cancer cells that kill 
the cells.

Reteach
Have students draw a diagram to illustrate 
each form of radioactive decay.

Performance Assessment
Writing Have small groups prepare 
pamphlets to inform the school or 
community of the benefits and hazards of 
nuclear power. Pamphlets should include 
scientific descriptions of radioactive decay.

Teaching Resources

• Section Summary: Radioactive Elements
• Review and Reinforce: Radioactive 

Elements
• Enrich: Radioactive Elements

L1

L2

Keep Students on Track By now, 
students should be performing their tests. 
Allow time for students to obtain multiple 
sets of data. Students should compare the 
results of their tests to determine the 
properties of the different materials. Help 
students group their samples by relating 
material properties to material functions. 
For example, noncorrosive, insoluble PVC is 
well suited for its use as a water pipe.

Writing Mode Persuasion

Scoring Rubric 
4 Exceeds criteria
3 Meets criteria
2 Includes a brief speech that contains a few 
errors and/or poor examples
1 Includes a sketchy speech and/or serious 
errors

Safe Use of Radioactive Materials  Despite their use-
fulness, radioactive materials are dangerous. Radiation
penetrates living tissue, knocking electrons from atoms.
This process produces particles that then can interfere
with chemical reactions in living cells. Illness, disease, and
even death may result from overexposure to radiation.

The dangers of radioactive materials mean that their
use must be carefully managed. People who work with
these materials must wear protective clothing and use
insulating shields. Radioactive wastes and contaminated
equipment can’t just be thrown away. These items must be
disposed of properly. 

Materials with low levels of radiation may be buried in
landfills. Such landfills are carefully monitored to prevent
contamination of the environment. Isotopes with long
half-lives, however, will remain hazardous for hundreds or
even thousands of years. One solution to this problem is
to dispose of these kinds of materials in specially designed
containers that are buried in very dry underground tun-
nels. In that way, the radioactive wastes can be isolated for
many generations.

What type of radioactive materials may be 
buried in landfills?

Section 4 Assessment

Target Reading Skill Building Vocabulary  Use your 
definitions to help answer the questions.

Reviewing Key Concepts
1. a. Identifying Under what circumstances did Becquerel 

first notice the effects of radioactivity?
b. Interpreting Photographs  Look at the photo in 

Figure 17. Explain in your own words what happened.
c. Applying Concepts How did Becquerel’s work lead to 

the discovery of two new elements?
2. a. Listing What are the three products of radioactive decay?

b. Comparing and Contrasting Contrast the penetrating 
power of three major types of nuclear radiation.

c. Predicting  Predict the identity and mass number of the 
nucleus formed during the beta decay of magnesium-28.

3. a. Explaining How can radioactive isotopes be used as 
tracers?

b. Relating Cause and Effect  How is the use of 
radioactive isotopes in treating some forms of cancer 
related to certain properties of gamma radiation?

4

FIGURE 26
Radiation Protection
Clothing that protects against 
radiation must be worn by people 
working with highly radioactive 
materials.

Persuasive Speech N.I.M.B.Y. is 
short for the phrase “not in my 
backyard.” It stands for the idea 
that people don’t want unpleasant 
or possibly hazardous conditions 
near where they live. They would 
prefer to see radioactive wastes go 
elsewhere. Your local government 
has invited citizens to a meeting to 
discuss possible options for storing 
radioactive wastes from nearby 
medical or industrial sites. Write a 
one- or two-paragraph speech for 
the public meeting, expressing 
your opinion.
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That’s Half-Life!

Prepare for Inquiry
Key Concept
The half-life of a substance is the amount of 
time it takes for one half of the sample to 
decay.

Skills Objective
After this lab, students will be able to
• model radioactive decay by a random 

scattering of coins

 

•

 

graph the data collected from their models

 

•

 

interpret data collected from their models

 

Prep Time

 

5 minutes

 

Class Time

 

25 minutes

 

Advance Planning

 

Because each group needs at least 
100 pennies, consider asking students to 
bring in pennies. Record the number of 
pennies each student has brought for ease 
of returning.

Teaching Resources

 

•

 

Lab Worksheet: 

 

That’s Half-Life!

 

Guide Inquiry

 

Introduce the Procedure

 

Tell students the decay of an individual 
nucleus in a sample is a random event that 
can be modeled by a coin toss. Explain that 
about half of all coin tosses land on heads, 
even though an individual coin toss is 
random. Because students will be removing 
about half of the pennies after each trial, they 
are modeling the half-life of a radioactive 
substance.

L2

 

Analyze and Conclude

 

1.

 

a.

 

 One half-life 

 

b.

 

 Decayed nuclei 

 

c.

 

 Undecayed nuclei

 

2.

 

The line for remaining pennies is a curve 
that decreases from left to right. The line for 
pennies removed is a curve that increases 
from left to right.

 

3.

 

The number of remaining pennies is 
reduced by approximately half for each trial. 
The number of pennies removed increases.

 

4.

 

After each interval of 5.26 years, the mass 
of radioactive isotope will be reduced by 

half. It would take 8 half-lives, or just over 
42 years, to reach a level of less than 
10 grams.

 

Extend Inquiry

 

More to Explore

 

Students should use twice 
as many pennies. Sample prediction: It will 
take one more half-life for a sample with 
twice the mass to decay to two or fewer 
nuclei.

Video Preview
Video Field Trip
Video Assessment  

Exploring Materials

Material Profiles
In this chapter, you will explore the properties of 
different types of materials. As you read this chapter, 
you will survey different materials found around you. 

Your Goal  To collect and investigate different 
materials found around you

To complete the project, you must

● collect at least eight material samples from at least 
three different locations

● identify several properties of each material
● create an informative display about 

these materials
● follow the safety guidelines in 

Appendix A 

Plan It! With a group of classmates, 
brainstorm a list of the prop-
erties of various materials 
and how you might test 
these properties. You’ll be 
working on this project as you 
study this chapter. When you fin-
ish Section 1, describe some 
polymers and composites you 
chose to collect and begin 
preparing a showcase. Add 
information when you finish 
Section 2, and complete your 
list of materials at the end 
of the chapter. Finally, 
present your completed 
showcase to the class.

That’s Half-Life!

Problem
How can you model the way a sample of radio-
active waste decays to a nonhazardous level?

Skills Focus
making models, graphing, interpreting data

Materials
• 100 pennies 
• graph paper
• container such as a jar or a box
• colored pencils (optional)

Procedure
1. Copy the data table into your notebook. 

Then place 100 pennies in a container.

2. Shake the pennies out onto the desktop. 
Separate the ones showing heads from those 
showing tails.

3. Count the number of pennies showing tails 
and count the number of pennies showing 
heads. Record both these values.

4. Put back only the pennies showing tails.

5. Repeat the process until there are two pen-
nies or fewer left in the container.

6. Keep a tally of the total number of pennies 
removed from the container. Record this 
number after each trial.

Analyze and Conclude
1. Making Models What does each of the fol-

lowing represent: (a) each trial, (b) the pen-
nies that came up heads, (c) the pennies that 
came up tails?

2. Graphing Make a graph of your data. Label 
the horizontal axis with the trial number. 
Label the vertical axis with the number of 
pennies left in the container after each trial. 
Connect the data points with a curved line. 
On the same set of axes, plot the total num-
ber of pennies removed from the container 
after each trial. Use a dotted line or different 
colored pencil to make this graph.

3. Interpreting Data What do the graphs show?

4. Communicating Suppose 2,560 grams of 
low-level radioactive waste is buried at a 
waste disposal site. Assume that 10 grams of 
radioactive material gives off an acceptable 
level of radiation and that one half-life is 
5.26 years. Write a paragraph in which you 
explain to townspeople how much time must 
pass before there is an acceptable radiation 
level at the site.

More to Explore
How could you use this model to show the decay 
of a sample that has twice the mass as the sample 
you modeled in this lab? What would you do 
differently? Predict how you think the results 
would differ.

Tails
RemainingTrial Heads Removed

(each trial)
Total Pennies
Removed

Data Table

1
2
3
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