
The Periodic Table and 
Physical Properties

Barre quarry in Vermont is America’s oldest 
granite quarry. This quarry contains granite, which is composed of feldspar, 
quartz, and mica. These minerals are composed of elements, such as silicon, 
oxygen, calcium, and potassium.

Taking It for GraniteTaking It for Granite
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Elements on the periodic 
table are grouped together 
based on their properties.

LESSON 1 
Organization of the 
Periodic Table

 The peri-
odic table contains 
information about the 
structures and character-
istics of elements.

LESSON 2 
Isotopes and 
Radioactivity 

 Over time, 
radioactive isotopes 
decay at varying rates.

LESSON 3
Physical Properties 
and Changes

 Substances 
have physical properties 
that can be described 
and physical changes 
that can be observed.

 Write a paragraph explaining why you think it’s helpful to 
keep your books, notebooks, and papers organized.

3.f, 7.a

7.a, 7.b, 9.e

5.d, 7.c, 9.a
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Start-Up Activities
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Which element
are you?

How can you organize your 
class into a periodic table?

Procedure
1. Find your assigned element 

on the periodic table. Color 
the poster board the same 
color as your element’s block.

2. Use a dark marker to print your element’s 
atomic number, symbol, name, and 
atomic mass on your poster board.

3. Find the classmates whose elements are to 
the left, to the right, above, and below 
your element on the periodic table.

4. Arrange yourselves so that you are in the 
correct positions.

Think About This
• Explain why you and your classmates 

arranged yourselves as you did.

• Assess What limitations did you find in 
making the table?

Visit        to:

▶ ▶ view

▶ ▶ explore Virtual Labs

▶ ▶ access content-related Web links

▶ ▶ take the Standards Check

Regions of the Periodic 
Table Make the following 
Foldable to identify the 
regions of the periodic table.

 STEP 1  Fold a sheet of paper into thirds 
lengthwise. 

 

 STEP 2  Unfold and draw lines along the 
folds. Draw three vertical lines to divide 
the paper into four columns, as shown.

 

Clarifying 
Label the top row of your Foldable with the 
names of the regions. In the boxes below, 
describe the location, the properties, and 
some examples of elements in that region. 

ca8.msscience.com

3.f
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Learn It! A prediction is an educated 
guess based on what you already know. One way to pre-
dict while reading is to guess what you believe the author 
will tell you next. As you are reading, each new topic 
should make sense because it is related to the previous 
paragraph or passage.

Practice It! Read the excerpt below 
from Lesson 3. Based on what you have read, make pre-
dictions about what you will read in the rest of the lesson. 
After you read Lesson 3, go back to your predictions to 
see if they were correct.

Dissolving is mixing a substance into another 
substance to form a solution. As sugar dissolves in 
water, it disappears and seems to become part of the 
water. But if you boil the water away, the sugar 
becomes visible again. Dissolving is a physical change 
because the sugar is unchanged.

—from page 317

Predict whether a 
solution could be 
formed from salt 
and water.

What would you 
predict would be a 
characteristic of all 
solutions?

Can you predict 
another kind of 
change that matter 
could undergo?

GetGet  ReadyReady  toto  ReadRead
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Make Predictions

Apply It! Before you read, 
skim the questions in the Standards Review. 
Choose three questions and predict the 
answers.
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Target Your Reading
Use this to focus on the main ideas as you read the chapter.

1  Before you read the chapter, respond to the statements 
below on your worksheet or on a numbered sheet of paper.

• Write an A if you agree with the statement.

• Write a D if you disagree with the statement.

2  After you read the chapter, look back to this page to see if 
you’ve changed your mind about any of the statements.

• If any of your answers changed, explain why.

• Change any false statements into true statements.

• Use your revised statements as a study guide.

 1  The elements are arranged on the periodic table 
according to their atomic numbers and mass numbers.

 2 The elements in a group have similar properties.

 3  Metals are located on the right side of the periodic 
table.

 4 Not all isotopes are radioactive.

 5 Radioactive elements have unstable nuclei.

 6  An element’s mass number is the number of neutrons 
in its nucleus.

 7 Transmutation is another word for half-life.

 8 Melting and boiling points change with pressure.

 9  Thermal conductivity occurs because particles 
collide with one another.

 10  Density is a physical property that depends on the 
size of a sample.

Before You Read
A or D

Statement After You Read
A or D

As you read, check the 

predictions you made to see 

if they were correct.

Print a worksheet of
this page at
 .ca8.msscience.com

http://ca8.msscience.com


LESSON 1
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Organization of the 
Periodic Table

The periodic table contains information about the 
structures and characteristics of elements.

Real-World Reading Connection A map is a source of much 
information. You can find streets, cities, lakes, and rivers on a 
map. But you must first know how to read the map. The peri-
odic table is similar to a map. You can learn a lot about the ele-
ments once you learn how to read the periodic table. 

How are the elements arranged?
Imagine what a library would be like if books weren’t orga-

nized on the shelves. You wouldn’t be able to find the informa-
tion you needed. Like a library, the periodic table is a system for 
organizing information. Recall that each element has a different 
atomic number. The atomic number is the number of protons in 
an atom of an element. The elements are arranged in the peri-
odic table according to their atomic numbers. Each element 
block contains the same type of information. The block for car-
bon is shown in Figure 1. A key at the top of the table shows that 
each block contains the element’s name, atomic number, symbol, 
and atomic mass. Each block also has an icon, or a picture. The 
icon indicates whether the element is normally a gas, a liquid, or 
a solid. Another icon shows whether the element is found in 
nature or is made by humans.

What do the icons in the element blocks show?

Reading Guide

What You’ll Learn

▼ Describe the arrangement 
of the elements in the 
periodic table.

▼ Identify metals, nonmetals, 
and semimetals by their 
positions in the periodic 
table.

▼ Identify and describe the 
noble gases.

Why It’s Important
The periodic table will 
provide you with a lot of 
information once you know 
how to use it.

Vocabulary
period 
group
metallic 
luster 
conductivity 
halogen 
noble gas 

Review Vocabulary
element: pure substance 
made from atoms that all 
have the same number of 
protons (p. 195)

Figure 1 Each block on the periodic table provides the same 
type of information about the element as other blocks do.

  Science Content 
Standards

3.f Students know how to use the periodic 
table to identify elements in simple 
compounds.
7.a Students know how to identify regions 

corresponding to metals, nonmetals, and 
inert gases.





Figure 2 Elements in 
the periodic table are 
organized into 
horizontal periods and 
vertical groups.
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Periods 
Learning to read an individual block is the first step in under-

standing the periodic table. You also need to be able to read the 
periodic table as a whole. Notice in Figure 2 that the elements are 
arranged in horizontal rows. These rows are numbered from 1 to 7 
down the left side of the table. A horizontal row of elements is 
called a period. Period 2 starts with the element lithium (Li), 
which has the atomic number 3. Notice as you go across period 2 
that the atomic numbers increase by 1.

Groups 
A vertical column of elements on the periodic table is called a 

group. Groups are numbered from 1 to 18 across the top of the 
periodic table. Figure 2 shows that Group 2 starts with beryllium 
(Be) and ends with radium (Ra). Other members of this group are 
calcium, magnesium, strontium (STRON tee um), and barium. 
Generally, groups of elements have similar chemical and physical 
properties. Recall from Chapter 5 that Group 2 elements are reac-
tive. They easily form ionic compounds with elements in Groups 
16 and 17. Group 2 elements share some similar physical proper-
ties. Calcium, strontium, and barium are shiny, silvery, and solid. 
They have the same crystal structure and similar melting and boil-
ing points. If you know the properties of one element in a group, 
you can predict that the properties of the other members of the 
group are likely to be similar. In this way, the group number of an 
element can provide you with additional information.

 Figure 2 What element is in both period 2 and 
Group 2?
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To organize infomation about the periodic 
table, visit ca8.msscience.com.

http://ca8.msscience.com
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The Lanthanide and Actinide Series
By now, you have probably noticed the two rows of elements at 

the bottom of the periodic table. These are the lanthanide (LAN 
thuh nide) series and the actinide (AK tuh nide) series of elements. 
The lanthinide elements are also known as the rare earth elements. 
These elements are placed at the bottom of the table to save space. 
You can see in Figure 3 how wide the periodic table becomes when 
they are placed inside the table. When reading across rows 6 and 7 
in the traditional table, insert these elements back into the peri-
odic table. Notice that the first member of the lanthanide series is 
cerium, with atomic number 58. The actinide element thorium 
(THOR ee um) follows actinium (AK tin ee um).

What are the regions of  the 
periodic table?

You have seen that the elements in a group share some physical 
and chemical properties. The periodic table has three regions in 
which elements with particular properties are arranged. These 
regions are the metals, the nonmetals, and the semimetals.

WORD ORIGIN
luster
from Latin lustrare; means 
spread light over, brighten

Traditional Table  

Extended Table  

Figure 3 The lanthanide and 
actinide series of elements are 
usually placed at the bottom 
of the periodic table. Notice 
how wide the table is when 
the two groups are placed 
within the table.

Determine how many lanthanide 
elements there are. How many 
actinides?
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Metals
All kinds of things are made of metals. The rings on a binder, 

aluminum foil, cars, machinery, and jewelry are all made of met-
als. The elements that are metals are on the left side and in the 
middle of the periodic table. Notice in Figure 4 that the metal 
blocks are colored blue. 

An element is classified as metallic if it has certain properties. 
Metallic refers to the collective properties of common metals. One 
property of metals is luster. Luster is shine. Gold and silver jew-
elry, copper fixtures, and stainless-steel cooking pots all exhibit 
luster. Metals are also malleable. Malleability is the ability of met-
als to be hammered into sheets. Malleable metals can also be 
molded into cooking pans or rolled into sheets to make car bodies. 
Metals are ductile. A ductile metal can be stretched or pulled into 
wires for conducting electricity. 

What are two properties of metals?

Conductivity (kahn duk TIH vuh tee) is the ability of a mate-
rial to transfer electricity or thermal energy (heat). Metals are 
good conductors of electricity. The wires that bring electricity to 
your home are made of metal. Metals also conduct heat well. An 
aluminum chair that has been standing in the Sun can be uncom-
fortably hot to sit on. You notice the heat because the metal con-
ducts heat rapidly to your skin. Some metals of the lanthanide 
series, such as neodymium (nee oh DIH mee um), are magnetic. 
Strong magnets are made by combining neodymium, iron, and 
boron. Figure 5 shows some of the ways that the properties of 
metals make them useful in everyday life.

The most reactive metals are in Group 1 and Group 2. A reac-
tive metal combines readily with other substances to form com-
pounds. The metals of Groups 1 and 2 are so reactive that they are 
never found in nature by themselves. They react with water and 
the oxygen in the air to form compounds.

Figure 4 Notice that the 
blue color of the metallic 
elements covers most of the 
periodic table. Only a triangle 
of other element blocks is in 
the right corner.

Figure 5 The conductiv-
ity of metals makes it possi-
ble to bring electricity to 
your home. The properties 
of ductility and malleability 
make metals suitable for 
making many objects.
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Figure 7 Nonmetals make up most 
of the matter in the living world. 
Water is 100 percent nonmetallic. 
Rocks contain a significant amount of 
oxygen and carbon.

Nonmetals  
The elements on the right side of the periodic table are called 

nonmetals. They are colored yellow, as shown in Figure 6. Non-
metals exhibit properties that are opposite those of metals. Non-
metals are brittle, which means they break easily. They do not have 
luster and cannot be easily shaped. Nonmetals are not good con-
ductors of heat and electricity. Nonmetals are found in lasers, plas-
tics, and many other products. They are in the air you breathe and 
the nutrients that plants and animals need. Recall the important 
role that the nonmetal carbon plays in the millions of compounds 
that make up the living world. Other important nonmetals are 
hydrogen, oxygen, nitrogen, sulfur, and phosphorus. These ele-
ments combine with carbon in many compounds. Most of the ele-
ments contained in plants and animals, such as those in Figure 7, 
are made of nonmetals.

What are four properties of nonmetals?

The most reactive nonmetals are located in Group 17. Elements 
in Group 17 are known as halogens. Like the Group 1 and 
Group 2 elements, halogens are highly reactive. For this reason, 
they are not found by themselves in nature.

296 Chapter 7 

Figure 6 The number 
of nonmetals is small 
compared to the number 
of metals.

Identify the group of 
elements whose members are 
all nonmetals.
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Figure 9 Computer chips make use of the 
semiconductor silicon. These tiny devices 
make global communication possible.

Semimetals
The blue representing metals and the yellow representing non-

metals cover most of the periodic table. But a small number of ele-
ments have green blocks. These are the semimetals, also known 
as metalloids. Figure 8 shows that the semimetals are located 
between the metals and nonmetals. They follow a kind of stairstep 
pattern. Semimetals have properties of both metals and nonmetals. 
This makes them excellent semiconductors. A semiconductor is an 
element that does not conduct electricity as well as a metal but 
conducts better than a nonmetal. Silicon is an important semicon-
ductor. It is found in computer chips used in electronics and global 
communication satellites, such as the one in Figure 9.

Noble Gases 
One group of elements is unique among the nonmetals. These 

are the Group 18 elements, known as the noble gases. Noble gases 
are extremely stable by themselves, so they are not found naturally 
in compounds. In nature, they exist as individual atoms. In the 
past, the noble gases were known as the inert gases. Inert means 
“unreactive.” Recently, however, chemists have been able to form 
compounds from some of the heavier Group 18 elements. This is 
why these gases are no longer considered inert.

ACADEMIC VOCABULARY
conduct (kun DUKT)
(verb) to lead from a position 
of command
The chairperson of the commit-
tee will conduct the meeting.

    297

Figure 8 The properties of 
semimetals are a blend of 
the properties of the metals 
on the left to the nonmetals 
on the right. 

Predict whether some 
semimetals might have a shiny 
appearance like a metal or be 
brittle like a nonmetal.
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Figure 10 This chemist 
finds the information she 
needs on a periodic table 
that differs from the one 
you use.

298 Chapter 7 • The Periodic Table and Physical Properties

Are there other periodic tables?
Now you know how to find information about the elements by 

using the periodic table in this book. However, did you know that 
the periodic table you are studying is not the only periodic table 
being used today? 

Periodic Tables—Meeting Different Needs
When you think of a periodic table as a road map, it makes 

sense that different types of scientists might need different infor-
mation on their periodic tables. Your choice of a map depends on 
what information you need. You wouldn’t use a city map to plan a 
cross-country trip. For a hiking trip in the Sierra Nevada, you 
would need to take along a map of the trails. Just as there are dif-
ferent kinds of maps, there are different periodic tables that pro-
vide a variety of information.

Chemists, physicists, and astronomers each do different work. 
They choose a periodic table just as you might choose a map. For 
example, the chemist shown in Figure 10 needs information about 
atomic structures. Astronomers need information on how much of 
each element is found in the solar system. To meet these needs, the 
information in the blocks in each type of periodic table is unique. 
Figure 11 shows four different blocks for the element nitrogen 
designed for the needs of four different types of scientists. All 
blocks show the element symbol. Almost all show the atomic num-
ber. Some give the element name. What are the differences? The 
element blocks for chemists and physicists have information about 
atomic structure. The element blocks for physicists and students 
show atomic masses. Notice the special information in the physi-
cist’s blocks. In spite of their differences, you can learn to use any 
periodic table by making use of its key.

 Figure 11 What information is on the student’s periodic 
table that is not on the chemist’s periodic table?

Figure 11 A variety of 
periodic tables are 
designed to provide the 
information needed by 
different groups of people. 

Deduce Are the two values 
for nitrogen’s atomic mass on 
the student’s and the physicist’s 
element blocks the same 
number, or are they different? 
Explain.
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LESSON 1 Review
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What do you know about the 
periodic table?

The periodic table starts at the left with the element having the 
smallest atomic number, hydrogen. Elements that follow hydrogen 
are listed according to increasing atomic number across the table 
in columns numbered from 1 to 18. A column of elements is called 
a group. Members of a group have similar properties. A horizontal 
row is called a period. Metals occupy the left and middle portions 
of the table. Nonmetals are on the right. A few semimetals fall 
between the metals and nonmetals. Metals, nonmetals, and semi-
metals have distinctive properties. You’ll learn more about the 
physical properties of elements in Lesson 3.

Summarize
Create your own lesson 
summary as you write a 
newsletter. 

1. Write this lesson title, 
number, and page num-
bers at the top of a sheet 
of paper. 

2. Review the text after 
the red main headings 
and write one sentence 
about each. These will be 
the headlines of your 
newsletter. 

3. Review the text and write 
2–3 sentences about each 
blue subheading. These 
sentences should tell who, 
what, when, where, and 
why information about 
each headline.

4. Illustrate your newsletter 
with diagrams of impor-
tant structures and pro-
cesses next to each 
headline. 

Science nline
For more practice, visit Standards 
Check at  .

Standards Check

Using Vocabulary

1. Distinguish between a group 
and a period on the periodic 
table. 3.f

2. In your own words, write a 
definition of conductivity. 7.c

Understanding Main Ideas 

3. What region of the periodic 
table has the most elements?

A. inert gases 7.a
B. metals

C. nonmetals

D. semimetals

4. Identify the group on the 
periodic table that contains 
only nonmetals. 7.a

5. Explain why the noble gases 
are sometimes called inert 
gases. 7.a

6. Decide which of the following 
elements would be best suited 
for electrical wiring: gold, sul-
fur, or neon. 7.a

 7. Use the periodic table to dis-
cover two characteristics of 
potassium besides its name.
 3.f

 8. Contrast Copy and fill in the 
graphic organizer below to 
contrast the properties of 
metals and nonmetals. 7.a

Applying Science

 9. Write instructions to tell 
someone how to use the 
periodic table and what 
information can be obtained.
 3.f

10. Give an example of a metal, 
a nonmetal, and a semimetal.
 7.a

ELA8: W 2.1

ca8.msscience.com

http://ca8.msscience.com
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Can you guess 
the element?

Elements are organized in the periodic table 
according to their atomic numbers. An element 
can be a solid, a liquid, or a gas; a metal, a semi-
metal, or a nonmetal. How well do you think you 
know some of the elements? 

Procedure
1. Organize the element cards from the Launch 

Lab into groups. Identify some of the physical 
properties of the groups. 

2. Group some of the metals according to a spe-
cific property, such as luster or malleability.

3. Choose other groupings that you will remember easily. Group these with 
the properties that are most important. 

4. Identify other elements with additional physical or chemical properties.

5. Your teacher will hold up an element card without showing its face and 
give one clue to the identity of the element.

6. Someone might say, “I can guess that element with just five clues!” 
Someone else might challenge and say, “I can guess that element with 
only four clues.” 

7. Your teacher will give the number of clues that ended the challenge. The 
student who won the challenge will name the element.

Analysis
1. Identify  which properties you found easiest to become 

familiar with when you were organizing your notes.

2. Give an example  of groups you found difficult to learn about.

3. Explain  how the challenge helped you understand the 
organization of the periodic table.

 
Science Content Standards

3.f  Students know how to use the periodic table to identify elements in simple 
compounds.

Laura Sifferlin



LESSON 2

Isotopes and Radioactivity 
Over time, radioactive isotopes decay at 

varying rates.

Real-World Reading Connection Some of the electricity you 
use in your home was probably generated by means of nuclear 
energy. Nuclear energy comes from spontaneous reactions of 
the nuclei of unstable isotopes. These reactions produce large 
amounts of energy and change one element into a different one. 

Isotopes—Different Numbers 
of  Neutrons

What’s the difference between the two atoms in Figure 12? 
Both have the same atomic number, 8. Both have the same 
number of protons and electrons, eight. But notice that the 
atom on the right has an extra neutron. Because both atoms 
have the same atomic number, they are the same element, oxy-
gen. However, these are two different versions of oxygen atoms 
because they have different numbers of neutrons. To distinguish 
between them, the symbols oxygen-16 and oxygen-17 are used. 
Oxygen-16 atoms, with eight neutrons, are far more common 
than oxygen-17, atoms with nine neutrons. These different 
versions are called isotopes. Isotopes are atoms of an element 
having the same number of protons in their nuclei, but different 
numbers of neutrons. 

 
How many neutrons does the most common form 
of the oxygen atom have?

Reading Guide

What You’ll Learn

▼ Compare and contrast the 
isotopes of an element.

▼ Define radioactive decay.

▼ Contrast varying rates of 
decay.

▼ Research how elements 
are named.

Why It’s Important
Learning about isotopes will 
help you understand the 
benefits and dangers of 
radioactivity.

Vocabulary
radioactive decay 
radioactive 
transmutation 
radioactive element 
half-life 
synthetic element 
particle accelerator 

Review Vocabulary
isotope: one of two or 
more atoms of an element 
having the same number of 
protons in their nuclei, but a 
different number of neutrons 
(p. 198)

Figure 12 These isotopes of oxygen have the same properties, 
even though they have different numbers of neutrons.

  Science Content 
Standards

7.b Students know each element has a 
specific number of protons in the nucleus 
(the atomic number) and each isotope of the 
element has a different but specific number 
of neutrons in the nucleus.
9.e Construct appropriate graphs from 

data and develop quantitative statements 
about the relationships between variables.
Also covers: 7.a





Figure 13 Subtract the 
atomic number from the 
mass number to find the 
number of neutrons in 
an isotope.

Compare and Contrast  
What is the same about the 
three isotopes? What is 
different? 
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How Many Neutrons?
Isotopes with more neutrons are heavier than isotopes with 

fewer neutrons. For example, carbon occurs naturally in three iso-
topes: carbon-12, carbon-13, and carbon-14. Diagrams of these 
three isotopes are shown in Figure 13. The numbers 12, 13, and 14 
are the mass numbers of the isotopes. An atom’s mass number is 
the sum of the number of protons and neutrons the atom has. 
Starting with this information, it’s easy to determine the number 
of neutrons in each carbon isotope. First, find the number of pro-
tons in carbon. Remember that the atomic number is the number 
of protons an atom has. Carbon’s atomic number is 6. Therefore, 
carbon has six protons. Next, subtract the atomic number from the 
mass number of the isotope to determine the number of neutrons. 

Carbon-14 has eight neutrons. You can determine the number 
of neutrons in carbon-13 and carbon-12 in the same way. 
Carbon-13 has seven neutrons. Carbon-12 has six neutrons. 
Check these results by counting the numbers of neutrons in 
Figure 13. All of carbon’s isotopes have the same number of pro-
tons and electrons but different numbers of neutrons. 

What determines properties?
Recall from Chapter 4 that the number of electrons an atom has 

and how they are arranged determines the chemical properties of 
an element. The number of electrons in an element’s outer energy 
level determines what type of bond it will form. Some elements 
transfer electrons to form ionic bonds. Others share electrons in 
covalent bonds. Because the three carbon isotopes have the same 
number of electrons, they have almost-identical chemical proper-
ties. This is true for all isotopes.

 mass number –  atomic number = number of neutrons
(neutrons plus protons) –  (protons)  = neutrons

 14 –  6  = 8
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What is radioactive decay?
You have read that the three isotopes of carbon have the same 

chemical properties. But something is different about one isotope. 
Carbon-14 nuclei are unstable. Many atomic nuclei are stable when 
they have the same number of protons and neutrons. Carbon-14 
has six protons and eight neutrons. To become stable, carbon-14 
nuclei release particles and energy and change into other nuclei. 
Radioactive decay occurs when an unstable atomic nucleus 
changes into another nucleus by emitting one or more particles 
and energy. A nucleus that is unstable and undergoes radioactive 
decay is called radioactive. Thus, carbon-14 nuclei are radioactive.

Radioactive nuclei have found many uses in science and medi-
cine. Figure 14 shows an image produced when a small amount of 
the isotope iron-59 was injected into a patient’s bloodstream. The 
image allows doctors to study the circulation of the patient’s blood. 

Gold-Foil Experiment and Radioactive Decay
Recall from Chapter 4 that in the gold-foil experiments of 

Ernest Rutherford, a speeding alpha particle was used to bombard 
the gold foil. An alpha particle consists of two protons and two 
neutrons. These four nuclear particles were blasted out of an iso-
tope as a single particle. Because of their release, the isotope 
gained stability. Figure 15 shows that when an isotope of ameri-
cium releases an alpha particle, two protons are lost. Because the 
isotope now has a different number of protons, the atomic number 
of the isotope is no longer that of americium. Americium has 
become the element neptunium. In radioactive decay processes 
such as this one, stability increases and a different element is 
formed.

Figure 15 The release of four nuclear particles as an alpha particle increases 
stability. A new element, neptunium, is formed.

Determine whether the numbers of particles on both sides of the equation are equal.

Figure 14 The radia-
tion released by a small 
amount of iron-59 is 
detected by an instru-
ment, which produced 
this photo.
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Radioactive Decay and Transmutation
An isotope can increase its stability in ways other than by 

releasing an alpha particle. Some radioactive isotopes decay by 
changing their neutrons into different particles. Others trap one 
of their own electrons and put it in the nucleus. Each type of 
decay involves the release of nuclear particles and energy. The 
carbon-14 isotope emits an electron from its nucleus and gains a 
proton. An electron released from the nucleus of an atom is called 
a beta particle. When an isotope releases a beta particle, it gains a 
proton. The isotope then becomes the element with the next 
higher atomic number. This process is called transmutation. 
In transmutation (trans myew TAY shun), an atom of one element 
is changed into an atom of another element. 

Transmutation occurs in most types of radioactive decay. 
Figure 16 shows how carbon-14 undergoes transmutation when it 
emits an electron, or a beta particle. The atomic number of carbon-
14 is 6. When a beta particle is emitted, a neutron is converted to a 
proton. The extra proton increases the isotope’s atomic number to 
7. However, 7 is the atomic number of nitrogen. After radioactive 
decay, carbon-14 is no longer carbon. It has become nitrogen.

 
What happens when a radioactive isotope releases a 
beta particle?

Uses of Radioactive Decay
You have seen how the radioactive isotope iron-59 can provide 

doctors with an image of a patient’s bloodstream. This is just one 
of many medical uses of radioactivity. These include both the 
detection of cancer and the killing of cancer cells. For example, 
cobalt-60 has been used to stop the growth of brain tumors. 
Radioactive isotopes are also used to preserve food. The radiation, 
or energy produced by the radioactive decay process, kills bacteria, 
fungi, insects, and other pests that cause food to spoil.

WORD ORIGIN
transmutation
from Latin trans– (means 
thoroughly) and mutare 
(means to change)

Figure 16 Carbon-14 undergoes radioactive decay by gaining 
a proton and emitting an electron.
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Radioactive Elements  and the Periodic Table
Recall that carbon has two stable and one radioactive isotopes. 

Similarly, hydrogen has two stable isotopes—protium and deute-
rium. The third isotope, tritium, is radioactive. Some heavier 
elements, however, have no stable isotopes. All of their isotopes are 
radioactive. Elements having only radioactive isotopes are classified 
as radioactive elements. 

The Discovery of Radioactive Elements In 1896, French scientist 
Antoine-Henri Bequerel had stored a mineral containing uranium 
on top of a piece of wrapped film. When the film was developed, 
Bequerel found that it had been exposed to radiation. Bequerel 
hypothesized that the radiation had come from radioactive ele-
ments in the uranium rock. Another French scientist, Marie Curie, 
shown in Figure 17, separated the radioactive elements in a 
uranium mineral. With her husband Pierre, she discovered two 
new radioactive elements, polonium and radium.

Radioactive Elements Figure 18 shows that technetium (tehk 
NEE she um), promethium (proh MEE thee um), polonium (puh 
LOH nee um), and all elements with atomic numbers higher than 
84 are radioactive. Elements with the largest numbers of protons 
in their nuclei tend to be unstable. For that reason, it might be 
puzzling that the radioactive element uranium can still be found 
in nature. Don’t isotopes decay into different stable elements? 
Earth is billions of years old. It would seem reasonable that all of 
Earth’s supply of uranium would have already been converted into 
some other element. How can the presence of uranium in Earth’s 
crust be explained? 

Figure 18 Most of the radioactive elements are heavy ele-
ments, so they are found near the bottom of the periodic table. 

Identify the radioactive elements in Groups 1, 2, 17, and 18.

Figure 17 Marie 
Curie (1867–1934) won 
the Nobel Prize in 
Chemistry in 1911 for 
her discovery of polo-
nium and radium.
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Half-Life 
The presence of uranium on Earth can be explained by how iso-

topes decay. Isotopes decay at very different rates. Some decay in a 
matter of days, minutes, seconds, and even milliseconds. Others 
take millions of years. The uranium-235 isotope has a half-life of 
713 million years. Half-life is the time it takes for a sample of a 
radioactive isotope to decay to half its original mass. It would take 
713 million years for a 1-g sample of uranium-235 to decay to half 
its mass, or 0.5 g. In another 713 million years, the sample would 
have decreased again by half and a mass of 0.25 g would remain. 
The rest of the 1-g sample would have turned into another element. 
With uranium’s long half-life, it’s not surprising that the element 
still exists on Earth. Uranium is mined for use in generating elec-
tricity. One nuclear submarine, like the one shown in Figure 19, 
uses more than 400 g of uranium-235 for fuel in its nuclear power 
plant. But it will take a very long time for the 400 g of uranium 
to decay.

 Figure 19 Determine what mass of uranium-235 would 
remain after another 713 million years.

How are elements discovered 
and named?

Although supplies of natural uranium still exist on Earth, this is 
not the case for some other radioactive elements that you will find 
on the periodic table. These elements either are not found in 
nature, or they are found in very small amounts. They are called 
synthetic elements. Synthetic elements are radioactive elements 
that are made by scientists in laboratories or created during 
nuclear reactions. The icon that identifies them on the periodic 
table is a small circle within a larger circle.

Figure 19 A nuclear submarine can operate for a 
long time on just 400 g of uranium-235.
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Synthetic Elements 
Scientists have searched for technetium (atomic number 43) on 

Earth without success. They knew that the element must exist 
because of the patterns of properties in the periodic table. The ele-
ment molybdenum (mah LIB duh num) belongs in Group 6. Simi-
larly, the properties of ruthenium (roo THEE nee um) place it in 
Group 8. Scientists knew there must be an element between them, 
in Group 7. They could predict the element’s properties from the 
periodic table. Because it was not found naturally, technetium 
became the first synthetic element.  Scientists made it in a labora-
tory. Promethium (atomic number 61) is another synthetic element. 

Heavy Synthetic Elements All elements with atomic numbers 
greater than 92 are synthetic elements. These elements exist only 
because scientists make them by artificial transmutation. The 
process involves crashing rapidly moving particles into target 
atoms. The speeding particles could be, for example, neutrons, 
protons, or alpha particles. 

How are synthetic elements made?

Particle Accelerators Picture yourself bowling. If you roll the ball 
very fast and it hits the pins, the pins will be knocked all over the 
place. If you roll the ball more slowly, the pins will fall differently. 
Suppose you use a baseball or a basketball. The results will be dif-
ferent for each ball. In a similar way, scientists bombard target 
atoms with different types of particles traveling at different speeds. 
To obtain the speeds needed for transmutation, scientists use a 
particle accelerator like the one shown in Figure 20. A particle 
accelerator is a giant machine that is capable of making particles 
move very fast. Depending on the conditions of the experiment, 
the speeding particles might meld together with the target atoms. 
The result could be a new element with a higher atomic number. 
You can read more about particle accelerators and how they work 
in Figure 21.

Figure 20 This view of 
the particle accelerator at 
Fermilab in Batavia, Illinois 
shows the enormous size 
of the tunnel needed to 
accelerate particles to the 
speeds needed for success-
ful collisions. 

ACADEMIC VOCABULARY
process (PRAH ses)
(noun) a series of actions or 
operations taken to achieve 
an end 
Students are in the process of 
getting an education.
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Figure 21
The element uranium, with 92 protons and 
146 neutrons, is the heaviest element found nat-
urally in Earth’s crust. But scientists have been 
able to make elements with larger atomic num-
bers by using giant machines called particle 
accelerators. These machines force atomic parti-
cles to move at extremely high speeds, often 
close to the speed of light. The speeding parti-
cles are smashed into other particles in the hope 
that the particles will fuse together into new and 
heavier elements. Elements formed by successful 
collisions are usually unstable and decay into 
other elements in only a fraction of a second.

▲ Particles in an accelerator might collide 
with such force that they meld or fuse 
together into one larger particle. In the 
fusion process, energy and a subatomic 
particle are released. The new, heavier 
element usually has a very short half-life.

▲ Particles are moved at enormous speed down 
the long passage shown in this exterior view of the 
Stanford Linear Accelerator at Stanford University in 
California.

 Recently, the IUPAC (International Union of Pure 
and Applied Chemistry) General Assembly confirmed 
the official name and symbol of element 111. Ele-
ment 111, previously known as unununium, is now 
called Roentgenium in honor of Wilhelm Roentgen, 
the discoverer of X rays.

Contributed by National Geographic
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Table 1 Origins of Element Names

Atomic Number Element Name Element’s Namesake

 96 Curium French scientist, Marie Curie

 97 Berkelium Place where berkelium was 
synthesized, Berkeley, California

 99 Einsteinium Famous scientist, Albert Einstein

106 Seaborgium Scientist, Glenn Seaborg
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Naming New Elements  
When scientists have evidence that they have made a new syn-

thetic element, its existence must be officially confirmed. The con-
firmation is done by a team of scientists from the International 
Union of Pure and Applied Chemistry (IUPAC) and the Interna-
tional Union of Pure and Applied Physics (IUPAP). The scientists 
who made the new element write a paper describing their discov-
ery. They ask the expert team to review their work. The team must 
decide whether there is enough evidence to support the scientists’ 
claims. To make their decision, they use a set of rules. First, the 
experiment must be successfully repeated in another laboratory. 
This is important because a true scientific discovery must have 
dependable results. Second, the methods for making the element 
must be scientifically sound. That means the procedures used 
must follow known scientific principles. Third, the element must 
show distinct chemical and/or physical properties. 

 
What three rules are used to determine if a new 
element has been made?

Once the rules are met, the scientists who discovered the ele-
ment have earned the privilege of giving the element a name and a 
symbol. If more than one team of scientists claims to have discov-
ered a particular element, the expert team decides who has the 
right to name it.

Element Names 
Some names that scientists have chosen for elements are shown 

in Table 1. Notice that element names often honor the scientists 
who created them or the places where the scientists worked. For 
example, Seaborgium (see BOHR gee um) was named to honor 
Glenn Seaborg, shown in Figure 22. Seaborg was a researcher at 
the Lawrence Berkeley National Laboratory in Berkeley, California. 
Seaborg discovered 10 elements, atomic numbers 93–102. When 
scientists who worked with Seaborg discovered element 106, they 
named it in his honor.

Figure 22 Glenn Seaborg 
was a Nobel Laureate who 
had an enormous impact on 
the research for synthetic 
elements.
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LESSON 2 Review

What have you learned?
You have read that isotopes are atoms of an element that have 

the same number of protons and electrons but different numbers 
of neutrons. Some isotopes are radioactive and undergo radioac-
tive decay. Radioactive decay is the spontaneous release of particles 
and energy from the nucleus of an atom. The process of radioac-
tive decay is called transmutation when it results in the formation 
of a different element. Rates of radioactive decay vary greatly and 
are measured in half-lives. Many of the heavier elements exist for a 
short period of time. However, some elements have been made in 
laboratories using particle accelerators that smash nuclei together 
to create elements with greater mass.
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Summarize
Create your own lesson 
summary as you design a 
visual aid.

1. Write the lesson title, 
number, and page num-
bers at the top of your 
poster. 

2. Scan the lesson to find 
the red main headings. 
Organize these headings 
on your poster, leaving 
space between each.

3. Design an information 
box beneath each red 
heading. In the box, list 
2–3 details, key terms, 
and definitions from each 
blue subheading.

4. Illustrate your poster with 
diagrams of important 
structures or processes 
next to each information 
box.

Science nline
For more practice, visit Standards 
Check at  .

Standards Check

Using Vocabulary

1. Use the term radioactive decay 
in a sentence. 7.b

2. Write a definition of transmu-
tation in your own words. 7.b

Understanding Main Ideas

3. Identify the region of the 
periodic table where most 
radioactive elements are 
found. 7.b

4. Construct a diagram that 
shows how much of a 10-g 
sample of barium-131 would 
remain after 36 days. The half-
life of this isotope is 12 days. 
 7.b

5. Compare and Contrast Copy 
and fill in the graphic orga-
nizer below to compare and 
contrast synthetic and natu-
rally occurring elements. 7.b

6. Calculate how many more 
neutrons U-238 has than U-235.
 7.b

7. 

 

 Calculate how much 
uranium-235 would remain 
after a fourth half-life. 7.b

Applying Science

8. Formulate a plan for how sci-
entists might go about trying 
to make an element with 
atomic number 115. 7.b

9. Judge the fairness of the pro-
cess for confirming and nam-
ing new elements. 7.a

ELA8: R 2.3

ca8.msscience.com

http://ca8.msscience.com
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Isotope Half-Life Conversions
Isotopes of an element can have varying half-lives ranging from sec-
onds to years. In order to see the magnitude of difference between 
these half-lives, they need to be converted to the same units. A table 
of half-life values for several isotopes of erbium is shown below.

Half-Lives of Erbium
Isotope Half-Life

145Er 0.9 s
147Er 2.5 s
154Er 3.73 min
156Er 19.5 min
158Er 2.29 h
169Er 9.40 days

Example
How many seconds is the half-life for 154Er?

What you know:

• Half-life for 154Er: 3.73 min

• There are 60 seconds in 1 minute.

What you need to find:
• How many seconds are in 3.73 minutes?

Follow these steps:
1  Find how many seconds are in 1 minute: 60 s.

2  Multiply 60 s � 3.73 min to find how many seconds are in 1 minute.
60 � 3.73 � 223.8 s

Practice Problems
1. How many minutes is the half-life for 158Er?

2. How many seconds is the half-life for 158Er?

3.f, 7.b

MA8: ALG 2.0

Science nline
For more math practice, 
visit Math Practice at 
ca8.msscience.com.

http://ca8.msscience.com
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Naturally occurring radioactive isotopes break 
down at known rates. Each radioactive isotope 
has its own half-life. A half-life may be a fraction 
of a second or thousands of years. You can simu-
late radioactive decay using pennies. 

Data Collection 
1. Read and complete a lab safety form.

2. Create a data table in your Science Journal.

3. Place the pennies in a container. Shake and gently pour the pennies onto 
the table.

4. Separate the pennies into two piles, those with tails showing and those 
with heads showing.

5. Count the pennies with tails showing, record the number, and put the 
pennies back into the container.

6. Repeat steps 3–5 until no more pennies remain.

Data Analysis
1. Plot a graph of the total number of pennies on the x-axis versus the 

number of pennies with tails showing on the y-axis. 

2. Plot a graph of all students’ data on the same graph and compare 
the graphs.

3. Infer Does the larger sample come closer to the ideal outcome, in 
which half of the atoms decay during each trial?

4. State how many atoms were represented by your original number of 
pennies.

5. State how many shakes represented one half-life.

How can you show a visual 
explanation of half-life?

 
Science Content Standards

7.b Students know each element has a specific number of protons in the nucleus (the atomic 
number) and each isotope of the element has a different but specific number of neutrons in the 
nucleus. 
9.e Students will construct appropriate graphs from data and develop quantitative statements 

about the relationships between variables. 

MA7: ALG 6.0
Laura Sifferlin
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Figure 23 You can observe the 
physical properties of frozen yogurt 
without changing the frozen yogurt.
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Physical Properties 
and Changes

Substances have physical properties that can be 
described and physical changes that can be observed.

Real-World Reading Connection Almost everybody likes 
frozen yogurt, but how would you describe it? You might use 
words such as delicious, flavorful, or tasty. But these words 
describe how you feel about the frozen yogurt. Other people 
might feel differently. A better way to describe frozen yogurt 
would be to state its properties.

What is a physical property?
How can you describe the frozen yogurt in Figure 23 in a way 

everyone would agree upon? You could list its physical properties. 
A physical property is any characteristic of a material that can be 
observed without changing the identity of the material itself. 
Physical properties include details about a material’s appearance, 
such as color, length, and shape. Some physical properties of 
chocolate frozen yogurt are brown color, smooth texture, and 
cold temperature. The bowl is hard, white, and round. Some 
physical properties, such as mass and volume, depend on the 
amount of matter. Other physical properties, such as density, 
melting point, and boiling point, do not depend on the amount 
of matter.

 
What are three physical properties of chocolate 
frozen yogurt?

Reading Guide

What You’ll Learn

▼ Identify physical 
properties.

▼ Explain why melting and 
boiling temperatures are 
physical properties.

▼ Define a physical change.

Why It’s Important
The physical properties of a 
substance are keys to how 
the substance can be useful.

Vocabulary
physical property 
melting point 
boiling point 
thermal conductivity 
electrical conductivity 
physical change 

Review Vocabulary
density: the mass of an 
object divided by its volume 
(Grade 6)

  Science Content 
Standards

5.d Students know physical processes 
include freezing and boiling, in which a 
material changes form with no chemical 
reaction.
7.c Students know substances can be 

classified by their properties, including their 
melting temperature, density, hardness, and 
thermal and electrical conductivity.
9.a Plan and conduct a scientific 

investigation to test a hypothesis. 
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Melting and Boiling Points
You have seen ice melt and water boil. In these 

processes, water changes its state. When ice melts, 
water changes from the solid to the liquid state. 
The temperature at which a solid changes to a liq-
uid is its melting point. When water boils or 
evaporates, water changes from the liquid state to 
the gaseous state. The temperature at which a liq-
uid changes to a gas is its boiling point. The tem-
perature at which a substance changes its state is 
a physical property of the substance. Melting and 
boiling points are characteristics of a substance 
and can be used to identify the substance.

Attractive Forces The melting and boiling 
points of a substance are determined partly by 
the attractive forces among its particles. Mole-
cules with greater attraction for one another are 
likely to have higher boiling points and melting 
points. Molecules with weaker attractions have 
lower melting and boiling points. For example, 
water has a much higher boiling point than mol-
ecules of similar or larger sizes. The higher boil-
ing point occurs because water molecules are 
strongly attracted to one another. For water to 
melt or evaporate, more energy must be absorbed 
to break loose the molecules from one another. 

 
Why does water have a higher 
boiling point than other molecules?

Pressure The pressure of the air around a sub-
stance also affects its melting point and boiling 
points. The pressure of the air is called atmo-
spheric pressure. Normal atmospheric pressure at 
sea level is 1 atmosphere (atm). Water has a boil-
ing point of 100°C when the pressure is 1 atm. At 
elevations higher than sea level, atmospheric 
pressure is lower. As Figure 24 shows, less energy 
is needed to change liquid water into a gas, and 
the boiling point decreases below 100°C. Simi-
larly, boiling points increase as pressure increases. 
Figure 25 shows a pressure cooker used for can-
ning vegetables. Inside, the pressure can be 
increased enough to raise the temperature of 
boiling water to 140°C. This temperature ensures 
that microbes are killed and the food is preserved.

Figure 25 A pressure cooker cooks food 
faster than an ordinary cooking pot because 
the temperature of the boiling water inside 
is hotter. 

Infer why it would be important to use special care 
when using a pressure cooker.

Figure 24 Water boils at lower tempera-
tures at higher elevations because atmo-
spheric pressure is lower than at sea level.




Figure 26 The volumes are the 
same, but the density of the gas is 
less than the density of the solid or 
liquid because there are fewer gas 
particles in the container.

Table 2 Atomic Structures of Diamond and Graphite

Atomic Structure

Diamond

Graphite
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Density
Another physical property of matter is density. Density is the 

mass per unit volume of a substance. The density of a substance is 
greater if its particles are packed tightly together. Figure 26 shows 
two containers that have the same volume but different masses. 
One container holds a gaseous substance. The gas particles are 
spread far apart.  The other container holds the same substance, 
but in the liquid or solid state. The particles in a solid and a liquid 
are packed close together. The mass of the gas is much lower than 
the mass of the liquid or the solid. Because the gas has the same 
volume but a smaller mass, the gas has a lower density than that of 
the solid or the liquid. 

Hardness
Hardness is a physical property that shows how strongly the 

particles of a substance are held together. Diamonds, a form of 
carbon, are the hardest substance found in nature. Table 2 shows 
that each carbon atom in a diamond is attached to four other car-
bon atoms. In graphite, only three covalent bonds join the carbon 
atoms together. The atoms form sheets of hexagons that can slip 
past one another. Graphite is soft compared to diamond.

SCIENCE USE V. COMMON USE 
property
Science Use a characteristic of 
material that can be either 
physical or chemical. A 
physical property of iron is that 
it is magnetic.
Common Use something 
owned or possessed, such as 
real estate. The real estate 
company sold some property on 
Main Street.
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Thermal Conductivity  
Some materials have the physical property of 

conducting heat well. Thermal conductivity is 
the ability of a material to transfer heat by 
collisions between its particles. Cooking pans 
are usually made of metal because metals have 
high thermal conductivity. If one part of the 
metal is heated, its particles move quickly and 
collide with nearby particles. Heat is transferred 
by means of these collisions. 

Thermal Conductivity of Gases Gases have 
low thermal conductivity compared to solids 
and liquids. The particles in a gas are spread 
farther apart, so the particles collide less 
frequently and transfer heat more slowly. For this 
reason, gases are used as insulating materials, or 
materials that lessen heat loss. 

Using Gases as Insulators For example, gases 
such as air and argon are sometimes sealed 
between two or three layers of window glass, as 
shown in Figure 27. Because the gas does not 
conduct heat well, less heat is lost through the 
windows of a building during the winter. 
Similarly, less heat can enter the building by 
means of the windows during the summer.

 
Why do some windows have air 
or another gas sealed between 
layers of glass?

Electrical Conductivity 
Similar to thermal conductivity, electrical 

conductivity is the ability of a material to 
transfer electric charges through a material. 
Recall that the valence electrons in metals are 
able to move among the metal’s atoms and can 
carry the charge. An electrical cord like the one 
in Figure 28 consists of three copper wires 
covered with plastic. 

Copper is used for this purpose because of its 
high electrical conductivity. The plastic 
surrounding the copper has low electrical con-
ductivity. Its purpose is to prevent the transfer 
of an electric charge to your body when you 
touch the wire, causing you to be shocked.

WORD ORIGIN
thermal
from Greek therme; means 
heat

ACADEMIC VOCABULARY
transfer (TRANS fur)
(verb)  to pass from one to 
another 
The teacher will transfer the 
book to a student.

Electrical Conductivity

Thermal Conductivity

Figure 27 Less heat will flow through the 
window because the gas that fills the space 
between the layers of glass has low thermal 
conductivity.

Figure 28 The metal parts of this electrical 
cord are good conductors. The nonmetal 
parts are poor conductors, or insulators.
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What is a physical change?
Frozen yogurt melts into a liquid. Bubble gum 

is blown into a sphere. A piece of modeling clay 
is shaped into a statue. These are physical 
changes. A physical change is any change in the 
size, the shape, or the state of matter in which the 
identity of the substance is unchanged. 

Dissolving  
Dissolving is mixing a substance into another 

substance to form a solution. As sugar dissolves 
in water, it disappears from view and seems to 
become part of the water. But if you boil the 
water away, the sugar becomes visible again. Dis-
solving is a physical change because the dissolved 
substance is unchanged.

Mixing  
When you mix two substances, sometimes nei-

ther one dissolves in the other. In a mixture of 
iron filings and sand, you can identify individual 
particles of both substances. Figure 29 shows that 
if you pass a magnet through the mixture, it 
attracts the iron filings and separates them from 
the sand. Mixing is a physical change because the 
substances are unchanged.

Changes in State 
Changes in state are also physical changes. The 

ice cubes in a drink gradually melt and become 
liquid water. The physical properties of a sub-
stance change during a change in state, but the 
identity of the substance remains the same. A 
melted ice cube is the same substance as the orig-
inal ice cube. Figure 30 shows the element gal-
lium changing from a solid to a liquid. The 
atoms that make up gallium are the same before 
and after the change.

Changes in state are reversible. The solid gal-
lium that melts at normal body temperature will 
harden back to a solid when it is put in a cooler 
place. This is a physical change. A physical 
change does not change the particles that make 
up the substance.

 
Why are changes in state also 
classified as physical changes?

Figure 30 Gallium melts at the 
temperature of your hand. The identity of 
the liquid gallium remains the same, so 
melting is a physical change. 

Figure 29 Mixtures, like this one of iron 
filings and sand, can be easily separated.

Infer Would this method of separation work if the 
mixture consisted of salt and sand?
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What do you know about physical 
properties and changes?

You can observe and describe the physical properties of an 
object without changing it. Some physical properties, such as den-
sity, melting point, and boiling point, do not depend on the 
amount of matter. But melting and boiling points do depend on 
the attractive forces between particles and on atmospheric pres-
sure. Hardness, thermal conductivity, and electrical conductivity 
are other physical properties. A physical change is any change in 
the appearance of an object that doesn’t change its identity. Dis-
solving and mixing are examples of physical changes. Changes of 
state are also physical changes. Remember that a substance does 
not change its identity when it changes its state.

Summarize
Create your own lesson 
summary as you design a 
study web.

1. Write the lesson title, 
number, and page num-
bers at the top of a sheet 
of paper. 

2. Scan the lesson to find 
the red main headings.

3. Organize these headings 
clockwise on branches 
around the lesson title.

4. Review the information 
under each red heading 
to design a branch for 
each blue subheading.

5. List 2–3 details, key terms, 
and definitions from each 
blue subheading on 
branches extending 
from the main heading 
branches.

Science nline
For more practice, visit Standards 
Check at  .

Standards Check

Using Vocabulary

1. When ice changes to water, 
water undergoes a _________.  
 5.d

2. Use the term physical property 
in a sentence. 7.c

Understanding Main Ideas

3. Which is NOT a physical 
change? 5.d

A. burning

B. dissolving

C. melting

D. mixing

4. Identify three physical proper-
ties of water and two physical 
changes it can undergo. 5.d

5. Describe what would happen 
to the boiling point of a sub-
stance if the elevation were 
to rise. 5.d

 6. Explain why the rusting of 
an iron pole is not a physical 
change. 5.d

 7. Compare Copy and fill in the 
graphic organizer below and 
compare the physical proper-
ties of air and gold. 5.d

 8. Deduce why two objects 
with the same mass can have 
different densities. 7.c

Applying Science

 9. Design an experiment for 
comparing the thermal con-
ductivity of glass and wood.
 7.c

10. Assess the importance of the 
physical properties of glass 
when it is used for windows.
 7.c

ELA8: R 2.3

ca8.msscience.com

http://ca8.msscience.com
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Which parachute will 
drop first?

One physical property of metals is that they con-
duct heat. The ability of a material to transfer heat 
is thermal conductivity. Some metals conduct heat 
faster than others do. Which metals do you think 
conduct heat more rapidly than other metals?

Procedure 
 1.   Read and complete a lab safety form.

 2.  Choose three foil cupcake forms and three 
toy people. 

 3.   Use three short pieces of thread to attach a person to a foil form so the form 
becomes a parachute.

 4.  Choose three rods about 10 cm long, each made of a different metal. 

 5.  Light a candle and carefully allow wax to drip on the center of the outside of a 
cupcake form. While the wax is melted, attach a rod horizontally to the parachute. 
Allow the wax to harden.

 6.  Repeat step 5 for the other two rods.

 7.  Loosely secure the ring on a ring stand to be positioned later.

 8.  Place the ends of the three rods as close together as possible on the ring. Use 
metal clamps to keep them secure.

 9.  Place a candle in a holder under the ring. Secure the rod ends and ring directly 
above the candle. 

10.  Light the candle and observe.

Analysis
1. Identify the parachute that dropped first.

2. Explain what property of metals caused the parachutes to drop at different times.

3. Hypothesize the results if three different metals had been used in this experiment.

 
Science Content Standards

7.c  Students know substances can be classified by their properties, including their melting 
temperature, density, hardness, and thermal and electrical conductivity.
9.a  Plan and conduct a scientific investigation to test a hypothesis.
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Data Table 

Substance Element in 
Substance

Physical Change to 
Substance

How to Change 
Substance Back

Investigating Physical Changes
Problem
Matter makes up all the substances you find in your world. 
Matter can go through changes in size, shape or color, or even 
changes of state, but it still is the same matter. Matter accom-
plishes tasks, such as moving heat or electricity or cooling your 
drinks, but it still is the same matter. It is made up of the same 
atoms and has the same properties. 
 The changes in matter mentioned above are physical changes. 
How can you show that physical changes do not actually 
change matter?

Form a Hypothesis
Think about the elements you organized into a periodic table in 
the Launch Lab. If you change these elements in some way, or 
use them, can you show that they are still the same matter? 
Write a hypothesis for an experiment that explains why the 
composition of matter remains the same even though it under-
goes a physical change.

Collect Data and Make Observations

1. Read and complete a lab safety form.
2. Choose five items or substances that can be put through a 

physical change.
3. Make a table that lists the substances and at least one ele-

ment in the substance. Make a physical change to each sub-
stance and observe. 

4. In your data table, record the physical change. Give a brief 
explanation of how the substance can be changed back.

Materials
substances that are 
made up of some of 
the elements used in 
the Launch Lab or 
other elements or 
compounds: carbon, 
iron filings, sand, 
copper penny, copper 
wire, salt, ice cube, 
balloon, a mineral 
sample, milk

Safety Precautions 

����
����
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Analyze and Conclude

1. Explain why you chose certain substances 
for your investigation.

2. Explain why you chose the physical changes 
you made.

3. Evaluate how difficult it was to recover the 
original substance following some physical 
changes.

4. Apply Are there some physical changes 
that would be very difficult to reverse? 
Explain.

5. Infer You may have seen tanks marked 
“Liquid Nitrogen.” Has the gas form of 
nitrogen undergone a physical change? 
Does the nitrogen in the tank have the same properties as the 
nitrogen in the air you breathe?

6. Draw Conclusions Matter can go through changes that make 
it look different and feel different, but it is still the same mat-
ter. Why is this so? Give some examples.

Error Analysis 
Did you make any changes in which the original substance could 
not be observed or returned to its original state? For example, did 
you cook an egg or bake a cupcake? Check to be certain all the 
changes you made were physical. How can you be sure?

Communicate

Write a Paragraph Explain how you can determine that a change 
in matter is a physical change. Use your observations in this 
experiment to provide examples.

 
Science Content Standards

7.c  Students know substances can be classified by their properties, including their melting 
temperature, density, hardness, and thermal and electrical conductivity.
9.a  Plan and conduct a scientific investigation to test a hypothesis.

ELA8: W 1.3
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A ceramic artist creates pieces of pottery using clay 
and glazes with specific properties. Glazes change 
color when fired in a kiln, a brick-lined oven. The 
artist must choose materials and heating conditions 
very carefully to produce the desired result. How 
can you become a ceramic artist? In high school, 
you will need to take chemistry and art classes.

The Chemistry of Color

Superconductors
This train does not run on a normal track—it glides 
on a magnetic cushion created by a superconduc-
tor. A superconductor is usually a ceramic substance 
with specific metals added to the mix. This allows 
an electric current to flow without resistance. The 
drawback is that the susperconductor must operate 
at a very low temperature.

Visit CareersCareers at ca8.msscience.com to research 
how ceramic artists use chemistry. Pretend you 
are a ceramic artist applying for work. Write a 
letter to an art studio. Explain your credentials 
and your interest in their program. Mention at 
least three elements in your letter.

Visit TechnologyTechnology at ca8.msscience.com to 
research how superconductors work. Make a 
bar graph of the critical temperature of ten 
superconducting substances. 

(t)Dennis Marsico/CORBIS, (b)Koichi Kamoshida/Getty Images

http://ca8.msscience.com
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Uses of Lead in History
Although incredibly flexible and versatile, lead is also quite 
toxic. The Romans called lead plumbum, giving the element 
the symbol Pb. The Roman name of plumbum gives us the 
term plumber. The architect Vitruvius condemned the 
widespread use of lead in 14 B.C. His warnings went 
unheeded until the European League of Nations banned 
white-lead paint in 1922. The United States did not follow 
suit until 1992.

Fluoridation of Drinking Water
In 1945, Grand Rapids, Michigan 
became the first city in the world to 
fluoridate its drinking water. By 1956, 
the rate of cavities in children had 
dropped more than 60 percent. Many 
other American cities also began to 
fluoridate their water. Not everyone 
agreed with this. Many citizens and 
professionals continue the debate 
today. 

Visit HistoryHistory at ca8.msscience.com to read more 
about the symptoms and probable causes of lead 
poisoning. Write a public health magazine article 
citing the dangers and ways to avoid them.

ELA8: W 1.3

Visit SocietySociety at ca8.msscience.
com to find out more about the 
controversy over water fluoridation. 
Evaluate arguments and evidence 
presented by each side. 

(t)Arthur S. Aubry/Getty Images, (b)Kul Bhatia/Zefa/CORBIS
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CHAPTER

 
Elements on the periodic table are grouped together based on their 
properties.

Standards Study Guide

Lesson 1 Organization of the Periodic Table

The periodic table contains information about the 
structure and characteristics of elements.
• Elements on the periodic table are arranged horizontally in periods by 

increasing atomic number.

• Each element has a specific number of protons in its nucleus.

• Elements on the periodic table are arranged vertically in groups.

• Elements in groups share similar physical and chemical properties. 

• Elements on the periodic table fall into one of three main types: metals, 
nonmetals, and semimetals.

• Different types of periodic tables provide different information.

• conductivity  (p. 295)
• group  (p. 291)
• halogen  (p. 296)
• luster  (p. 295)
• metallic  (p. 295)
• noble gas  (p. 297)
• period  (p. 291)

Lesson 2 Isotopes and Radioactivity

Over time, radioactive isotopes decay at varying 
rates.
• Isotopes have the same number of protons and electrons, but a different 

number of neutrons.

• The number of neutrons in an isotope can be found by subtracting the 
atomic number from the mass number.

• Isotopes that are radioactive have unstable nuclei.

• Elements that have atomic numbers 43, 61, and 84 and higher are 
radioactive.

• Radioactive isotopes undergo decay at different rates. 

• Scientists who discover elements have the right to name their elements. 

• half-life  (p. 306)
• particle accelerator  (p. 307)
• radioactive  (p. 303)
• radioactive decay  (p. 303)
• radioactive element  (p. 305)
• synthetic element  (p. 306)
• transmutation  (p. 304)

Lesson 3 Physical Properties and Changes

Substances have physical properties that can be 
described and physical changes that can be observed.
• Melting and boiling points depend on the attractions between particles 

and the pressure of the air.

• Density is the mass per unit volume of a substance.

• Hardness, thermal conductivity, and electrical conductivity are physical 
properties.

• Dissolving and mixing are physical changes.

• Changes in state are physical changes.

• boiling point  (p. 314)
• electrical conductivity  (p. 316)
• melting point  (p. 314)
• physical change  (p. 317)
• physical property  (p. 313)
• thermal conductivity  (p. 316)

3.f, 7.a

7.a, 7.b, 9.e

5.d, 7.c, 9.a

Download quizzes, key 
terms, and flash cards from 
ca8.msscience.com.

http://ca8.msscience.com
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CHAPTER

8. 

Using Vocabulary

Elements

can becan be

atomic 
number

arranged in the 
periodic table 
according to

fall into

groups 1. 

two of 
which are

halogens 2. 

stable 7. 

at a rate called

radioactive
decay

undergo

nonmetals

3. 

4. 

have physical 
properties

luster 5. 6. 

Linking Vocabulary and Main Ideas
Use the vocabulary terms from page 324 to complete this concept map.

Standards Review

Visit ca8.msscience.com for:
 ▶  ▶ Vocabulary PuzzleMaker
 ▶  ▶ Vocabulary eFlashcards
 ▶  ▶ Multilingual Glossary

Describe the relationship between each pair 
of terms.

9. group and period

10. electrical conductivity and physical property 

11. halogen and noble gas

12. particle accelerator and transmutation

13. boiling point and melting point

14. electrical conductivity and thermal conductivity

Fill in the blanks with the correct vocabulary term.

15. Each radioactive isotope decays at a rate defined 

by its     .    7.b

16. Synthetic elements are made in large machines 

called     .    7.b

17. A(n)      occurs when a piece of clay is 
molded into a statue.   7.c

http://ca8.msscience.com
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CHAPTER

Standards Review 

Standards Review

ca8.msscience.com

Understanding Main Ideas
Choose the word or phrase that best answers the 
question.

1. In what way are the elements in a group similar?
A. atomic numbers
B. atomic masses
C. chemical properties
D. symbols   7.a

2. Which physical properties of copper wire are 
independent of the amount of matter?
A. density
B. length
C. mass
D. shape   7.c

3. The table below lists half-lives for different 
isotopes.

Isotope Half-Life

Fermium-249 3 minutes

Californium-245 44 minutes

Einsteinium-250 8.6 hours

Europium-147 24.4 days

  According to the table, which isotope decays 
fastest?
A. fermium-249
B. californium-245
C. einsteinium-250
D. europium-147   7.b

4. Which is NOT a semimetal?
A. nitrogen C. silicon
B. boron D. germanium 7.a

5. Which is an example of a physical change?
A. tarnishing C. burning
B. rusting D. melting 7.c

6. Which statement is true about all synthetic 
elements?
A. They are found in nature.
B. They are radioactive.
C. They have atomic numbers greater than 92.
D. They have all been discovered. 7.b

7. Which is a property of nonmetals?
A. malleability
B. luster 
C. good conductor of electricity
D. poor conductor of electricity 7.c

8. Which is NOT found on the element blocks of 
the periodic table?
A. atomic symbol
B. atomic number
C. date of discovery
D. atomic mass   7.a

9. The table lists the melting and boiling points for 
different substances.

Melting 
Point (ºC)

Boiling 
Point (ºC)

Substance 1 67 215

Substance 2 –105 –26

Substance 3 –30 58

Substance 4 86 142

  Which substance is a liquid at room temperature 
(25°C)?

A. substance 1
B. substance 2
C. substance 3
D. substance 4   7.c

10. How many neutrons does the isotope 
molybdenum-98 have?
A. 98 C. 56
B. 42 D. 140 7.b

http://ca8.msscience.com
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Applying Science
11. Relate three properties of metals to a cooking 

pan and show how they are important for the 
way the pan is used. 7.c

12. Suggest a reason why the Group 1 elements 
would be more likely to react with halogens than 
with the noble gases. 7.a

13. Classify the following elements as metals, non-
metals, or semimetals: germanium, phosphorus, 
oxygen, beryllium. 7.a

14. Interpret the diagram. Describe what is taking 
place and name the process. Are the same num-
bers of protons and neutrons present on both 
sides of the equation? What is the atomic number 
of radon? 7.b

15. Suggest reasons why it is important that the 
international organizations IUPAP and IUPAC 
are involved in approving and naming elements.
  7.a

16. Identify the element that is a gas among the fol-
lowing: boron, argon, sodium, sulfur. Use the 
periodic table. 7.a

17. Suggest a way that you could decrease the ther-
mal conductivity of oven mitts to better protect 
your hands from being burned. The mitts are 
made from thick squares of cloth sewn together.
  7.c

18. Write a paragraph describing the preparation of 
a meal and identify steps in the process in which 
physical changes occur. ELA8: W 1.1

Cumulative Review
19. Identify three types of chemical bonds. 3.b

20. Describe the difference between the way carbon 
forms the crystal called diamond and sodium 
and chlorine form solid sodium chloride. 3.c

21. Explain how positive and negative ions form.
  3.c

Applying Math

Use the table below to answer questions 22–26.

Half-Lives of Erbium
Isotope Half-Life

145Er 0.9 s
147Er 2.5 s
154Er 3.73 min
156Er 19.5 min
158Er 2.29 h
169Er 9.40 days

22. How many minutes is the half-life for 147Er?   
 MA6: ALG 2.0

23. How many seconds is the half-life for 156Er?  
 MA6: ALG 2.0

24. How many hours is the half-life for 154Er?  
 MA6: ALG 2.0

25. How many minutes is the half-life for 145Er?  
 MA6: ALG 2.0

26. How many seconds is the half-life for 169Er?  
 MA6: ALG 2.0
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Standards Assessment ca8.msscience.com

Standards Assessment

1  Which elements are found close to the right side 
of the periodic table?

A nonmetals

B metals

C metalloids

D lanthanides 7.a

2  The illustration below shows the element block 
for chlorine.

 

 How many electrons does an uncharged atom of 
chlorine have?

A 17 

B 18 

C 35

D 36 3.f

3  Which property does NOT describe a metal? 

A brittle

B conductive

C ductile

D malleable 7.c

4  Many elements that are essential for life, includ-
ing nitrogen, oxygen, and carbon, are part of 
what classification?

A semimetals

B metals

C noble gases

D nonmetals 7.a

Use the figure below to answer questions 5 and 6.

5  What is the half-life of cobalt-60?

A 5.27 years 

B 10.54 years 

C 21.08 years

D 60.0 years 7.b

6  About how much of the original 500 g of 
cobalt-60 will be left after 20 years?

A 30 g 

B 60 g 

C 90 g

D l20 g 7.b

http://ca8.msscience.com
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7  Molecules with weaker attractive forces have

A lower melting and boiling points.

B lower melting points and higher boiling points.

C higher melting and boiling points.

D higher melting points and lower boiling 
points. 5.d

8  What is the state of matter of semimetals at 
room temperature? 

A gas

B liquid 

C plasma 

D solid 7.a

9  The illustration below shows elements in four 
groups in the periodic table.

  Which group of elements most readily combines 
with Group 17 elements?

A Group 1

B Group 2

C Group 17

D Group 18 7.a

10  How many stable isotopes does hydrogen have?

A 0

B 1

C 2 

D 3 7.b

11  A nucleus that is unstable and undergoes decay 
is called 

A transmutation.

B synthetic.

C radioactive. 

D isotopes.  7.b

12  The table below describes some physical 
properties of bromine.

Physical Properties of Bromine

Density 3.12 g/cm3

Boiling Point 59°C

Melting Point �7°C

 At what temperature is bromine a solid?

A �10°C 

B 10°C 

C 40°C

D 80°C 7.c

13  Which characteristic is typical of a solid non-
metal element?

A brittle

B good electrical conductor

C good heat conductor

D shiny 7.c
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Biography

Marie Curie and the Discovery of Radium, by Ann Steinke, is a biography of Marie 

Curie, winner of Nobel Prizes in Physics and Mathematics. This book discusses her 

childhood, the obstacles she faced as a young woman, her dedication to science, 

and her interest in mathematics. The content of this book is related to Science 

Standard 8.3.

Nonfiction

Q Is for Quark: A Science Alphabet Book, by David Swartz, is an informational 

book about a wide variety of science topics. Comical illustrations help explain 

astronomy, mass, quarks, forces, and acid-bases. The content of this book is 

related to Science Standard 8.3.

Nonfiction

Gold, by Sarah Angliss, explores the history of the precious metal gold and 

includes an explanation of its chemistry (atomic weight and mass), how it reacts, 

its uses, where it is found, and its importance. This book introduces the periodic 

table of elements. The content of this book is related to Science Standard 8.5.

Nonfiction

The Periodic Kingdom, by P. W. Atkins, tells the history of the periodic table as if it 

were a “periodic kingdom.” Just like a kingdom, there are subjects, called elements, 

and regions, called families. The relationships between elements and families are 

discussed. The content of this book is related to Science Standard 8.7.

Are you interested in learning more about the structure of matter, atoms, 
and the periodic table? If so, check out these great books.

���������
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Unit TestUNIT

Choose the word or phrase that best answers the 
question.

1. In Rutherford’s gold foil experiment, why did 
Rutherford infer the presence of a tiny, dense 
nucleus? 

A. The alpha particles went through the foil.

B. No alpha particles went through the foil.

C. The charges were uniformly distributed in the 
atom.

D. Some alpha particles bounced back from the 
foil. 3.a

2. Which term describes all nuclei with more than 
83 protons?

A. stable

B. synthetic

C. radioactive 

D. isotopes 7.c

3. How many electrons are in the outer energy level 
of the Group 17 elements?

A. 1

B. 2

C. 7

D. 8 3.a

4. Which is the process of a gas cooling to form a 
liquid? 

A. boiling

B. condensation

C. freezing

D. sublimation 5.d

Write your responses on a sheet of paper.

 5.  The illustration below shows Rutherford’s gold 
foil experiment. 

 Conclude  What is the significance of the parti-
cles that reflected back from the gold foil? How 
did Rutherford explain his results?  3.a

 6. Explain why metal hammered into sheets does 
not break. Why do metals conduct electricity?   
  7.c

 7. Define  What is an ionic bond? Describe how 
sodium chloride forms an ionic bond.  3.d

 8. Explain the difference between evaporation and 
boiling.  5.d

 9. Make a Graph  Manganese-54 has a half-life of 
about 312 days. Draw a graph of the radioactive 
decay of a 600-g sample of manganese-54.  9.e

10. Describe the composition of the atom.  3.a

11. Compare the arrangement and movement of 
particles in a solid, a liquid, and a gas. 5.d
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