
Paying Honor with Gold 
The innermost coffin of King Tut-
ankhamen is made of solid gold.
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January 1848
James Marshall discovers 
gold at John Sutter’s 
sawmill near Sacramento, 
California; a rush for gold 
begins.

1800s
John Dalton from Eng-
land offers proof that 
atoms exist and changes 
views held since Aristotle; 
his model shows atom as 
a small solid sphere.

3,500 Years Ago
Gold from Nubia 
makes Egypt a wealthy 
nation because many 
cultures prize it and 
exchange goods for it.

 1869
Dmitri Mendeleev of Russia 
discovers a pattern in proper-
ties of elements and arranges 
that information in a periodic 
table; he left room for ele-
ments not yet discovered.

1848–1852
People come from around the 
world to find gold; California’s 
population grows from 14,000 
to 223,000.

Structure of 
Matter

186018401820A.D. 1800 1880
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1950
Stanley G. Thompson and 
other scientists at UC Berke-
ley prepare the element 
californium (98).

1941
Glenn T. Seaborg and 
other scientists at UC 
Berkeley prepare the ele-
ment plutonium (94) in 
the laboratory.

1939
Lise Meitner of 
Austria is first to 
explain how 
nuclear fission 
occurs.

1911
Ernest Rutherford 
proposes model of 
atom with a positive 
nucleus surrounded 
by orbiting negative 
electrons.

1998
Scientists in Dubna, 
Russia, are first to pre-
pare element unun-
quadium (114).

2004
Scientists in Russia and Lawrence 
Livermore National Laboratory in 
California prepare the elements 
ununtrium (113) and ununpen-
tium (115).  

1900 1920 1960 1980 2000 20201940

Interactive Time Line To learn more about 
these events and others, visit      .

To learn more about chemists and 
their work, visit                                .

1926
Scientists develop 
electron cloud 
model used today.

ca8.msscience.com
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Understanding 
the Atom

 This computer-generated image 
of a helium atom shows what the inside of a balloon might look like. Helium’s 
electron is more likely to be found in the blue area than in the other areas 
farther from the center.

 Write a paragraph on what you know about the atom.

Things are not as they seem.Things are not as they seem.
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The current model of the 
atom includes protons, 
neutrons, and electrons.

LESSON 1 
Atoms—Basic Units 
of Matter

 Matter is 
made of tiny particles 
called atoms.

LESSON 2
Discovering Parts 
of the Atom

 Scientists 
have put together a 
detailed model of 
atoms and their parts. 

LESSON 3 
Elements, Isotopes, 
and Ions—How Atoms 
Differ

 Atoms of a 
particular element 
always have the same 
number of protons.

3.a

3.f, 7.b, 9.e

3.a
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Start-Up Activities
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What’s in the box?
The early atomic scientists never saw atoms. 
They came up with ideas about atoms by 
using scientific methods other than direct 
observation. In this lab, you will 
study something you cannot see. 

Procedure 
1. Complete a lab safety form.

2. Use wooden skewers to poke holes in your 
sealed box. Predict what information you 
can find out by poking in the box.

3. Record your observations.

4. Predict what information you will learn 
by shaking the box.

5. Shake the box.

6. Try to guess what each object is. 

Think About This
• Identify what types of information you 

could guess by poking in the box.

• Explain how you could answer those 
questions without opening the box.

Visit        to:

▶ ▶ view

▶ ▶ explore Virtual Labs

▶ ▶ access content-related Web links

▶ ▶ take the Standards Check

 STEP 1 Fold  a sheet of paper into thirds 
lengthwise. Fold the top down about 4 cm.

 
 STEP 2 Unfold  and draw lines along all 

folds. Label as shown.

 

Structure of an Atom  
Make the following Foldable 
to explain the structure of 
an atom.

Visualizing 
As you read this chapter, organize 
information about the parts of an atom. Be 
sure to include where the part is located 
within the atom and the type of charge.

ca8.msscience.com

3.a
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Learn It! An important strategy to help 
you improve your reading is monitoring, or finding your 
reading strengths and weaknesses. As you read, monitor 
yourself to make sure the text makes sense. Discover dif-
ferent monitoring techniques you can use at different 
times, depending on the type of test and situation.

Practice It! The paragraph below 
appears in Lesson 2. Read the passage and answer the 
questions that follow. Discuss your answers with other 
students to see how they monitor their reading.

In Bohr’s model of the atom, each energy level can 
hold a given number of electrons. The way the 
electrons are placed in energy levels is similar to the 
way students might fill the rows of seats in an 
auditorium.

—from page 191

GetGet  ReadyReady  toto  ReadRead
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Monitor 

Apply It! Identify one para-
graph that is difficult to understand. Discuss it 
with a partner to improve your understanding. 

• What questions do you still have after reading?

• Do you understand all of the words in the passage?

• Did you have to stop reading often? Is the reading level 
appropriate for you?
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 1 An atom is the smallest particle of matter.

 2  The idea of an atom was already being discussed by 
the Greeks in 400 b.c.

 3  Dalton’s atom is a uniform sphere of matter.

 4  Thomson discovered a positively charged particle 
called an electron.

 5  Rutherford demonstrated that the atom was mostly 
empty space.

 6  In the current model of the atom, the nucleus of the 
atom is at the center of an electron cloud.

 7  A filled outer energy level means that an atom will 
combine with other atoms.

 8  You can determine the number of protons, neutrons, 
and electrons from the mass number. 

 1 An atom is the smallest particle of matter.

 2  The idea of an atom was already being discussed by 
the Greeks in 400 B.C.

 3  Dalton’s atom is a uniform sphere of matter.

 4  Thomson discovered a positively charged particle 
called an electron.

 5  Rutherford demonstrated that the atom was mostly 
empty space.

 6  In the current model of the atom, the nucleus of the 
atom is at the center of an electron cloud.

 7  A filled outer energy level means that an atom will 
combine with other atoms.

 8  You can determine the number of protons, neutrons, 
and electrons from the mass number. 

 9  Isotopes of the same element have the same number 
of protons but different numbers of electrons.

Before You Read
A or D

Statement After You Read
A or D

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.

Monitor your reading by 

slowing down or speeding 

up depending on your 

understanding of the text.

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

http://ca8.msscience.com


LESSON 1

Figure 1 This atomic-force microscope image shows 
the surfaces of individual atoms.

Reading Guide

What You’ll Learn

▼ Describe the structure of 
the atom and where 
protons, neutrons, and 
electrons are located.

▼ Compare the mass, size, 
and charge of the three 
basic particles of an atom.

▼ Describe two observations 
that Dalton’s atomic theory 
supported.

Why It’s Important
An understanding of the 
nature of the atom is the 
first step toward learning 
what the world is made of.

Vocabulary
matter
atom
nucleus
proton
neutron
electron

Review Vocabulary
mass: a measure of the 
amount of matter in an 
object (p. 11)

Atoms—Basic Units 
of Matter 

Matter is made of tiny particles called atoms.

Real-World Reading Connection How can you figure out 
what’s inside a wrapped box without opening it? Exploring the 
atom is like exploring that box. Atoms can’t be observed directly 
with your eyes, so how have scientists learned about what’s 
inside them? 

What is the current atomic model?
Would it surprise you to learn that the chair you are sitting 

on and the air you breathe are made up of the same thing? The 
world you live in is made of matter. Matter is anything that 
has mass and takes up space. Things you can see, such as your 
chair, and things you can’t see, such as air, are matter. Matter is 
different from light, heat, and sound. These are forms of energy. 
Matter is made up of atoms. An atom is a very small particle 
that makes up all matter. Only recently have scientists been able 
to see the surface of an atom. 

Inside the Atom
In the early 1980s, a powerful new instrument called the 

atomic-force microscope was invented. The atomic-force micro-
scope can magnify an object up to one million times. This mag-
nification is great enough for the surfaces of individual atoms to 
be seen, as shown in Figure 1. If further magnification were pos-
sible, you might be able to see inside an atom. You probably 
would be surprised to find that most of the atom is empty space. 
In this space, particles are moving. No one has ever seen inside 
an atom, so how do scientists know what atoms are made of?
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  Science Content 
Standards

3.a Students know the structure of the 
atom and know it is composed of protons, 
neutrons, and electrons.
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Figure 2 An atom of lithium has 
three electrons, three protons, and 
four neutrons. 

Describe the locations of the protons, the 
neutrons, and the electrons.

Table 1 Properities of Atomic Particles

Particle Charge Mass (g) Mass (amu)

Proton  +1 1.6727 � 10�24 1.007316

Neutron  0 1.6750 � 10�24 1.008701

Electron –1 9.110 � 10�28 0.000549
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Parts of Atoms—Protons, Neutrons, and Electrons
Many experiments performed by scientists during the last 200 

years have established what is inside an atom. An atom is mostly 
empty space surrounding a tiny nucleus. The nucleus is a region 
that is located at the center of an atom and contains most of the 
atom’s mass. Figure 2 shows that the nucleus contains positively 
charged particles and neutral particles. A positively charged 
particle located in the nucleus is a proton. A neutral particle, 
which has no charge, located in the nucleus is a neutron. Atoms 
also contain particles called electrons. An electron is a negatively 
charged particle that moves in the space surrounding the nucleus.

The Size of Atoms
As tiny as atoms are, electrons, protons, and neutrons are even 

smaller. The data in Table 1 show that protons and neutrons have 
about the same mass. Electrons have only about 1/2,000 the mass 
of a proton or a neutron. If you held a textbook and placed a paper 
clip on it, you wouldn’t notice the added mass because the mass of 
a paper clip is small compared to the mass of the book. In a simi-
lar way, the masses of an atom’s electrons are negligible compared 
to an atom’s mass. An atom’s protons and neutrons are packed 
tightly into a tiny nucleus. Visualize the nucleus as the size of an 
ant. How large would the atom be? Amazingly, the atom would be 
the size of a football stadium.

WORD ORIGIN
nucleus
 from Latin nucula; means 
little nut




Figure 3 Democritus’s ideas 
were based on reasoning rather 
than experiments. This picture 
is recreating Democritus’s con-
cept of the indivisible atom.
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Is there historical evidence of  atoms?
The idea that matter is made of tiny indivisible particles was 

proposed as early as 400 B.C. But experimental evidence to support 
the idea of atoms was not available until the seventeenth and 
eigthteenth centuries. Actually, the current understanding of 
atomic structure has developed over the last several hundred years. 
Each time new evidence becomes available, the model of atomic 
structure becomes clearer and more accurate. 

Democritus and the Atom 
Greek philosopher Democritus (c. 460–370 B.C.) was the first 

person to use the word atom. Atom comes from the Greek word 
atoma, which means “indivisible.” Indivisible describes something 
that cannot be divided into smaller pieces. Democritus provided a 
much more detailed idea of the atom than any that ever had been 
proposed. He thought that atoms were very small, solid spheres 
with no holes and no empty space inside.

Democritus argued that atoms were indivisible. He imagined 
cutting a piece of matter into smaller and smaller pieces. He 
hypothesized that eventually he would come to a point at which 
he could not cut any more pieces. He would have come to a piece 
consisting of one atom that could not be divided. 

The student in Figure 3 is illustrating Democritus’s experiment. 
She is cutting a piece of aluminum in half, and again in half, over 
and over again. The pieces become smaller and smaller, but each 
is still aluminum. Suppose she could continue to cut beyond the 
point where the pieces are too small to see. She would eventually 
reach a point where the final piece is just one indivisible alumi-
num atom. An atom is the smallest piece that still is aluminum.

What was Democritus’s idea of the atom?

ACADEMIC VOCABULARY
accurate 
(adjective) free from error 
or mistake
The scale at the doctor’s office is 
accurate.
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Figure 4 The law of defi-
nite proportions could be 
illustrated in a similar way 
for every pure substance.

The Law of Conservation of Mass 
What happens to the atoms in substances during a chemical 

reaction? A chemical reaction is a process in which the atoms in 
the starting materials rearrange to form products with different 
properties. French scientist Antoine Lavoisier (AN twan • luh 
VWAH see ay) (1743–1797) conducted experiments that helped 
answer this question. Lavoisier placed a carefully measured mass 
of solid mercury(II) oxide into a sealed container. When he heated 
the container, he saw something different. The red powder of 
mercury(II) oxide had changed into a silvery liquid and a gas. The 
silvery liquid was mercury. Lavoisier established that the gas pro-
duced was a component of air. This component is oxygen. In his 
experiments, Lavoisier recorded the masses of the starting materi-
als and of the products. He found that the total mass of the start-
ing materials was always the same as the total mass of the 
products. Experiments such as this led to the recognition of the 
law of conservation of mass. This law states that the mass of the 
products always is the same as the mass of the starting materials.

What data did Lavoisier record in his experiments?

The Law of Definite Proportions 
By 1799, J. L. Proust had completed a different series of experi-

ments. Proust analyzed a variety of pure compounds to determine 
their compositions. He found that any pure compound always 
contains the same elements in the same proportion by mass. This 
principle is called the law of definite proportions. The law applies 
to any compound no matter where the sample comes from or how 
large or small it might be. Figure 4 illustrates that water’s composi-
tion is the same whether the sample comes from your kitchen sink 
or from an ice cap on Mars. Water always contains two hydrogen 
atoms and one oxygen atom. The law of definite proportions pro-
vided evidence to support the work of John Dalton as he developed 
his atomic model. 

ACADEMIC VOCABULARY
proportion
(noun) the relation of one 
part to another or to the whole
A large proportion of the 
people present were students. 




Figure 5 Dalton cre-
ated pictures for each of 
the elements. These were 
helpful for writing down 
his results, just as our 
modern symbols are.
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Dalton’s Atomic Model 
English schoolteacher and scientist John Dalton (1766–1844) 

was interested in the physical properties of gases. Like Lavoisier 
and Proust, Dalton made careful measurements of starting materi-
als and products in a number of chemical reactions. To record his 
results accurately, he invented symbols for the known elements. 
As Figure 5 shows, these are more complex than modern symbols, 
but they helped scientists communicate better. 

Dalton gathered information from his own observations and 
from the findings of other scientists. He put these results together. 
Dalton then proposed a new atomic theory. His atomic theory 
consists of five principles. Notice that the second principle is 
another way of stating the law of conservation of mass.

1. All matter is made up of atoms.
2. Atoms are neither created nor destroyed in chemical 

reactions. 
3. Atoms of different elements combine in whole-number ratios. 
4. Each element is made of a different kind of atom.
5. The atoms of different elements have different masses and 

properties.

 
Which principle states the law of conservation 
of mass?

Dalton brought all that was known about the atom into a reason-
able theory. Other scientists then could continue his work. They 
could improve Dalton’s theory or prove that it was wrong. Over 
time, Dalton’s theory was modified as new evidence became avail-
able. Scientists now know that nuclear reactions can convert atoms 
of one element into atoms of a different element. We also know 
that atoms are made of smaller particles. 




LESSON 1 Review
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Looking Back at the Lesson
The ancient Greeks taught that matter consists of tiny indivisi-

ble particles called atoms. However, the Greeks couldn’t prove the 
existence of atoms. It wasn’t until the seventeenth century that sci-
entists began to look for evidence of the atom. Their experiments 
demonstrated the law of conservation of mass and the law of defi-
nite proportions. With these important ideas, Dalton described 
his atomic model. Dalton’s model started the development of the 
modern model of the atom. That model consists of even tinier par-
ticles called protons, neutrons, and electrons. You’ll read more 
about these particles in Lesson 2.

Science nline
For more practice, visit Standards 
Check at  .

Summarize
Create your own lesson sum-
mary as you write a script for 
a television news report. 

1. Review the text after the 
red main headings and 
write one sentence about 
each. These are the head-
lines of your broadcast. 

2. 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 red heading.

3. Include descriptive details 
in your report, such as 
names of reporters and 
local places and events.

4. Present your news report 
to other classmates alone 
or with a team.

ca8.msscience.com

Standards Check

Using Vocabulary

1. Explain the difference between 
a neutron and a nucleus. 3.a

2. An atom contains equal num-
bers of _______ and _______.
 3.a

Understanding Main Ideas

3. Which has no charge? 3.a

A. electrons

B. protons

C. neutrons

D. nucleus

4. Name the particles that make 
up an atom and tell where 
they are located. 3.a

5. Explain in your own words 
what is meant by the law of 
definite proportions. 5.b

6. Describe how Lavoisier was 
able to demonstrate the law of 
conservation of mass. 5.b

 7. Show that the ratio of the 
number of atoms of hydro-
gen to the number of atoms 
of oxygen in the compound 
water is 2 to 1. 5.b

 8. Compare Copy and fill in the 
graphic organizer below to 
compare the mass and the 
volume of a proton with the 
mass and the volume of 
an electron. 3.a

   Mass Volume
Proton
Neutron

Applying Science

 9. Design an experiment that 
confirms the law of conserva-
tion of mass. 5.b

10. Assess the reasons why 
Dalton, not Democritus, is 
credited with being the 
“Father of the Atom.” 3.a

ELA8: LS 2.1

http://ca8.msscience.com
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Mass of Subatomic Particles
The subatomic particles of protons, neutrons, and electrons have 
very small masses, as shown in the table.

Example
Find the mass of nine protons. 

Practice Problems
1. Find the mass of eight neutrons.

2. Find the mass of two electrons. 

Particle Mass (g)
Proton 1.6727 � 10�24

Neutron 1.6750 � 10�24

Electron   9.110 � 10�28

1  Multiply the base numbers:  (9 � 1.6727 g) � 10�24 � 15.0543 � 10�24 g

2   Write the solution in scientific notation:  Write 15.0543 in scientific notation, with one num-
ber to the left of the decimal point. So, 15.0543 is written as 1.50543 � 101. The product is 
1.50543 � 101 � 10�24g

3   Find the exponent of the product:  To multiply powers of ten, add their exponents. 
1 � (�24) � �23. The new exponent is �23. So, 1.50543 � 101 � 10�24g � 1.50543 � 10�23g

Answer: The mass of 9 protons is 1.50543 � 10�23 g.

What you know: mass of one proton: 1.6727 � 10�24g

What you want to know: mass of 9 protons

Use this equation: mass of 9 protons � 9 � mass of one proton
mass of 9 protons � 9 � (1.6727 � 10�24g)
which can be written as (9 � 1.6727 g) � 10�24

3.a

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

ALG: 2.0

http://ca8.msscience.com
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How big are the 
particles in an atom?

Protons and neutrons are about 1,836 
times heavier than an electron. How 
can you model the proportions?

Procedure 
1. Read and complete a lab safety 

form.

2. To represent a proton, measure 
1,836 mL of water into a large 
container. Label the container 
proton.

3. To represent a neutron, label 
another large container neutron. 
Fill it with 1,836 mL of water.

4. Measure 1 mL of water into a tea-
spoon. This represents the electron.

5. Record what you see in your Science Journal.

Analysis 
1. Assess  whether this model is a good comparison of protons 

and neutrons. What is good about it? What is negative about 
it? How would you improve it?

2. Calculate  the mass of water that should be used for an atom 
of lithium. Lithium has 3 protons, 4 neutrons, and 3 electrons. 
Show your work. 

 
Science Content Standards

3.a  Students know the structure of the atom and know it is composed of protons, neutrons, 
and electrons.
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LESSON 2
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Reading Guide

What You’ll Learn

▼ Describe the arrangement 
of electrons, protons, and 
neutrons within an atom.

▼ Explain how Rutherford 
developed his model of 
the atom.

▼ List the evidence that 
showed the existence of 
electrons, protons, and 
neutrons.

▼ Compare Thomson’s, 
Rutherford’s, and Bohr’s 
models of the atom.

Why It’s Important
The structure of the atom is 
the key to understanding 
chemistry.

Vocabulary
spectral line
energy level
electron cloud

Review Vocabulary
electromagnetic 
spectrum: the entire range 
of electromagnetic waves 
of different wavelengths 
(p. 428)

Discovering Parts of 
the Atom

Scientists have put together a detailed model of 
atoms and their parts. 

Real-World Reading Connection Imagine you are a 
detective. You go to a crime scene. You can only make observa-
tions and analyze clues because there are no witnesses to the 
crime. Similarly, scientists make observations and gather clues 
that help them build a model of the atom even though they 
cannot see inside one. 

How were electrons discovered?
Since the time of the ancient Greeks, around 400 B.C., 

scientists thought atoms were the smallest units of matter. But 
more than 2,000 years later, in the late 1800s, a series of experi-
ments led scientists to a better understanding of atoms. They 
learned that atoms are made of even smaller particles. Many of 
these experiments used a cathode-ray tube similar to the one in 
Figure 6. Cathode rays are given off at the cathode, which is a 
negatively charged disk. A cathode ray is a stream of particles 
that can be seen when an electric current is passed through a 
vacuum tube. The cathode rays travel to the positively charged 
disk at the other end of the tube. 

Figure 6 What is the positively charged disk called?

Figure 6 The electron was discovered using a cathode-ray 
tube similar to the one in the photo.

  Science Content 
Standards

3.a Students know the structure of the 
atom and know it is composed of protons, 
neutrons, and electrons.





Figure 7 Using this experimental setup, J. J. 
Thomson found that cathode rays were attracted 
to the positively charged plate above the tube. 

Infer What must be the charge on the cathode rays?

Figure 8 Thomson 
suggested that elec-
trons mixed evenly into 
the positively charged 
spherical atom.

Thomson’s Model 
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Thomson’s Experiments 
In 1897, English scientist J. J. Thomson wanted to find out how 

electric currents affect cathode rays. He changed the cathode-ray 
tube by putting charged metal plates above and below the tube, as 
shown in Figure 7. One plate was positively charged. The other 
plate was negatively charged. Thomson found that the cathode rays 
did not follow a straight path down the tube. Instead, they bent in 
the direction of the positive plate. Recall that opposite charges 
attract one another and like charges repel one another. Thomson 
concluded that the particles in a cathode ray must have a negative 
charge. He named the newly discovered particles electrons.

Thomson also was able to use the cathode-ray tube to measure 
the mass of the charged particles. To his surprise, he found that 
the mass of an electron is much smaller than the mass of an atom. 
He concluded that atoms are not indivisible, as Dalton had pro-
posed. Thomson also realized that atoms must contain positive 
charges to balance the negative charges of the electrons. His find-
ings must have been true because atoms are neutral.

What did Thomson learn from his experiment about 
the mass of electrons?

Thomson’s Atomic Model 
With this new information, Thomson proposed a new model 

for the atom. Instead of a solid, neutral sphere that had the same 
matter all the way through, Thomson’s model of the atom con-
tained both positive and negative charges. He proposed that an 
atom was a positively charged sphere. The electrons were mixed 
evenly through the sphere, similar to how raisins are mixed in 
cookie dough. Figure 8 shows a cutaway view of an atom in which 
the small spheres represent the electrons.

SCIENCE USE V. COMMON USE 
charge
Science Use a definite 
quantity of electricity 
The electron has a negative 
charge. 
Common Use an expense, 
cost, or fee 
What is the charge for 
admission? 




Figure 10 Rutherford 
expected most particles 
to crash through the gold 
foil with little change in 
direction.

Figure 9 Predicted Outcome The path of an alpha 
particle is shown by a burst of light where the particle hits.
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Rutherford—Discovering the Nucleus 
The discovery of electrons stunned scientists and made them 

want to find out more about the atom. Ernest Rutherford was a 
research student of J. J. Thomson at the Cavendish Laboratory in 
England. Rutherford was interested in understanding the structure 
of Thomson’s model of the atom. By 1911, Rutherford had a labo-
ratory and students of his own. Rutherford expected his students 
to find that electrons and positive charges were mixed together in 
an atom. But as you will read in the next section, what they found 
was another surprise. 

The Gold Foil Experiment 
Two of Rutherford’s students set up a series of experiments to 

see if Thomson’s model was correct. Particles with a positive 
charge, called alpha particles, were shot through a sheet of thin 
gold foil. The apparatus is shown in Figure 9. A detector beyond 
the gold foil glowed with a spot of light wherever the particles hit. 
Rutherford thought the positive charge of the gold atom was 
spread evenly throughout the atom. At no place would the speed-
ing alpha particles come upon a charge large enough to strongly 
repel them. Figure 10 shows a close-up view of what Rutherford 
might have expected. The alpha particles would speed through the 
foil with only slight changes in their paths. This was the result pre-
dicted by the Thomson model.

 
Why did Rutherford think the alpha particles would 
move straight through the gold foil?

ACADEMIC VOCABULARY
research
(noun) the collecting of infor-
mation about a particular 
subject
She did research on atoms at the 
library.




Figure 11 Unexpected Result Some alpha particles 
bounced off the gold foil in ways that were not pre-
dicted by the Thomson atomic model.

Figure 12 Some alpha 
particles must have hit a 
massive particle in the 
gold atom.

Explain how Rutherford 
knew that Thomson’s model 
of the atom was not correct.
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An Unexpected Result 
What happened was another surprise. Notice in Figure 11 that 

most of the alpha particles did pass directly through the foil with 
no bending of their paths. But sometimes, particles were strongly 
bounced off to the side. Astoundingly, one particle in about 8,000 
bounced straight backward. Rutherford later described his amaze-
ment by saying, “It was quite the most incredible event that has 
ever happened to me in my life. It was almost as incredible as if 
you had fired a fifteen-inch shell at a piece of tissue paper and it 
came back and hit you.” Thomson’s model of the atom did not 
work. How did Rutherford know this? 

Interpreting the Evidence 
Rutherford realized that if positive charges were spread evenly 

in atoms, all the alpha particles would have passed through the foil 
with only a small change in direction. He also recognized that a 
positively charged particle could be bounced directly backward. 
This would happen only if the alpha particle bumped into some-
thing with much greater mass and positive charge than the alpha 
particle itself. Think about this similar situation. Imagine that you 
are running very fast. If you bump into a dangling leaf, you won’t 
even notice. You just keep running along a straight path. But if you 
crash into a tree branch, you will very likely be knocked off your 
course. A head-on collision with a tree trunk might even bounce 
you straight backward. Figure 12 shows an artist’s view of how 
Rutherford must have visualized charged particles bouncing off 
the nucleus of a gold atom.

To see animation of Rutherford’s experiment, 
visit  .ca8.msscience.com

http://ca8.msscience.com



Table 2 Summary of Rutherford’s Conclusions

Evidence Conclusion

Most of the alpha particles passed right 
through the gold foil.

An atom is mostly empty space. 

The charged particles that bounced back 
could not have been knocked off course 
unless they had hit a mass much larger 
than their own.

Most of the mass of an atom is 
concentrated in a small space 
within the atom.

A few of the alpha particles bounced 
directly back.

The positive charge is concentrated 
in a small space within an atom.

M646-04C-MSS02

Nucleus

Figure 13 Rutherford’s atom 
included a positively charged 
nucleus. Electrons moved in the 
space around the nucleus.
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Rutherford’s Atomic Model 
Using the observations of his students, Rutherford drew some 

conclusions, which are summarized in Table 2. Most of the alpha 
particles passed directly through the gold atoms. For this to hap-
pen, the atoms must have contained mostly empty space. Because 
some alpha particles were strongly deflected from their paths, 
those particles must have come near a large positive charge. Very 
few alpha particles were bounced completely backward. Those par-
ticles that did bounce back must have collided with a mass having 
a large positive charge. 

Drawing on these conclusions, Rutherford revised Thomson’s 
model of the atom. Figure 13 shows Rutherford’s new atomic 
model. Notice that most of the volume of an atom is empty space. 
At the center is the nucleus. An atom’s electrons move very fast in 
the empty space surrounding the nucleus.

Thinking about Rutherford’s results, American poet Robert 
Frost wrote a very short poem, The Secret Sits. 

“We dance round in a ring and suppose,
But the Secret sits in the middle and knows.”

What do you think sits in the middle? What dances round 
in a ring?

How do 
electrons move?

Procedure 

1. Complete a lab safety 
form.

2. Draw a straight line 
down the center of a 
10-cm � 10-cm block 
of foam with a ruler.

3. Break 20 toothpicks in 
half. Poke the halves 
into the foam so they 
are like the nucleus of 
an atom. 

4. Use round, dried peas 
as electrons. Aim and 
flick the peas down 
the center line on the 
block.

5. Make a diagram to 
show where the elec-
trons came out. Use a 
protractor to measure 
the angle the electrons 
made compared to the 
center line, which is 
the path they would 
have followed if they 
did not hit any atoms.

Analysis 
1. Describe how your 

arrangement of tooth-
picks was like the nuclei 
of atoms in a block of 
metal. Why did the 
toothpicks represent 
just the nuclei instead 
of the whole atoms?

2. Describe problems 
you had with this 
experiment.

Rutherford’s Model

3.a
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Figure 14 Scientists 
wanted to know what 
causes the colored light 
when elements are 
heated. 

Identify the color produced 
when barium is placed in a 
flame. 

Barium Sodium Strontium Potassium
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Completing Rutherford’s Model 
Rutherford used cathode-ray tubes for other experiments. He 

wanted to find out about the positive charge in an atom’s nucleus. 
The result of these experiments was the discovery of another 
particle, called the proton. A proton is an atomic particle with 
a �1 charge. Rutherford and his students knew the approximate 
mass of a proton. They could determine how many protons were 
in atoms. However, they couldn’t account for all of the mass of an 
atom. Rutherford predicted that an atom contains another undis-
covered particle. But, it wasn’t until 1932 that the existence of the 
neutron was proved by English physicist James Chadwick. A neu-
tron is a neutral atomic particle with a mass similar to a proton 
but has no charge. An atom’s neutrons occupy the nucleus along 
with its protons. Neutrons were difficult to find because they have 
no charge, unlike protons and electrons. Both protons and elec-
trons are deflected by a magnetic field.

Compare and contrast protons and neutrons.

Weakness in the Rutherford Model 
Rutherford’s model explained much of the experimental evi-

dence, but it also brought up new questions. How are electrons 
arranged in atoms? How can differences in the chemical behavior 
of different elements be explained? For example, why does oxygen 
react easily with metals? Why is argon not very reactive? One clue 
came from the observation that elements give off colored light 
when heated in a flame. Figure 14 shows the bright colors of the 
elements barium, sodium, strontium, and potassium when they 
are placed in a flame. Each element creates its own flame color. 
Some elements are used in fireworks to produce the brilliant colors 
of a display. Rutherford’s model could not explain where this light 
comes from.

WORD ORIGIN
proton
 from Greek protos; means first
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Figure 15 By gradually letting out more 
string and twirling faster, the ball will travel in 
increasingly large circles.

Short String and Low Energy

Longer String and Greater Energy
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Bohr and the 
Hydrogen Atom

In 1918, Danish scientist Niels Bohr began to 
answer some of the questions about Rutherford’s 
model. Rutherford had proposed that electrons 
could move around the nucleus at any distance 
from the nucleus. He thought electrons might 
move like the ball on a string, shown in the top 
illustration of Figure 15. In the figure, a boy has 
tied a soft sponge ball to a long string and is 
slowly twirling it above his head. The ball doesn’t 
have much energy and moves in a small circle. 
Suppose the boy releases more string and twirls 
more energetically. The bottom illustration of 
Figure 15 shows that the ball moves in a larger 
circle farther from his head. Depending on the 
energy the boy provides and the length of the 
string he releases, the ball could circle his head at 
any distance up to the length of the string. Bohr 
showed that Rutherford’s idea that electrons 
could circle the nucleus at any distance was 
incorrect. His experiments convinced him that 
electrons did not behave like a twirling ball that 
could travel in circles of any diameter. Electrons 
could only move in circles with certain diame-
ters, like the planets that circle the Sun. Like the 
planets, an electron’s path around the nucleus 
had a definite radius.

 
What did Bohr compare the path of 
an electron to?

Bohr came to this conclusion by studying the 
hydrogen atom. He chose hydrogen because it is 
the simplest element, with only one electron. 
Bohr was interested in the light given off by 
hydrogen gas when it is excited. Atoms become 
excited when they absorb energy by being heated 
in a flame or by electricity. Figure 16 shows the 
element neon in an advertising sign. The red light 
is produced when neon is excited by electricity.

Bohr wanted to know what was happening 
inside an atom to cause it to release energy in the 
form of colored light. Was there a connection 
between the light and the structure of the 
atom?




Figure 16 Neon gas is excited 
by electricity and glows red.

Figure 17 The light given off by 
hydrogen and neon is not continu-
ous like the rainbow of color pro-
duced by white light. Each element 
has its own specific spectral lines 
with specific energies.
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The Spectrum of Hydrogen 
To understand the light given off by excited atoms, think about 

the rainbow of colors you see when ordinary light moves through 
a prism. The colors red, orange, yellow, green, blue, and violet 
blend into each other in a continuous spectrum of colors. Recall 
that colors at the red end of the spectrum have longer wavelengths 
and lower energies. Colors at the violet end have shorter wave-
lengths and higher energies. Visible light is just a small section of 
all the possible wavelengths in the electromagnetic spectrum. 
Ultraviolet rays have shorter wavelengths and higher energies than 
does visible light. Infrared rays have longer wavelengths and lower 
energies than does visible light. You cannot see ultraviolet rays or 
infrared rays. The electromagnetic spectrum is the whole range of 
electromagnetic waves with different energies and wavelengths. 

 
Arrange visible light, infrared rays, and ultraviolet rays 
in order of their energies, from lowest to highest.

How is the energy of electrons related to the electromagnetic 
spectrum? The light given off by excited hydrogen atoms doesn’t 
have a continuous spectrum of colors. Instead, hydrogen gives off 
light of specific colors, as shown in Figure 17. The narrow bands of 
red, green, blue, and violet light given off by an excited hydrogen 
atom are called its spectral lines.

ACADEMIC VOCABULARY
visible
(adjective) capable of being 
seen with the eye
On a clear night, the stars are 
visible in the night sky.
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Figure 18 A person can 
move on a ladder only by 
standing on the steps. An 
electron can move in an 
atom only by jumping 
from energy level to 
energy level.

Figure 19 
Electrons 
climb an 
energy stair-
case as they 
move to upper 
energy levels. 
They give off 
energy in the 
form of light 
when they fall 
back down.
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Spectral Lines and Energy Levels 
A spectral line is a single wavelength of light that can be seen 

when the light from an excited element is passed through a prism. 
If you compare the spectrum of hydrogen to the spectrum of light 
in Figure 17, you’ll notice that hydrogen has a red line and then a 
green line. Between those lines, all the colors you see in the spec-
trum of sunlight are missing. The same is true for the colors 
between hydrogen’s green line and its blue line. Each color is a dif-
ferent wavelength and energy. Bohr knew that if the electrons in 
an excited atom could have every possible energy, they would give 
off light just like the spectrum of sunlight. But hydrogen gives off 
only specific wavelengths of light. That means that an excited 
hydrogen atom releases only certain amounts of energy. Because 
electrons only can have certain amounts of energy, they can move 
around the nucleus only at distances that correspond to those 
amounts of energy. These regions of space in which electrons can 
move about the nucleus of an atom are called energy levels.

 
What is the difference between the spectrum of 
hydrogen and the spectrum of sunlight?

Energy levels can be compared to the ladder shown in Figure 18. 
You can stand on the ladder only at the level of each step, not 
between levels. Similarly, electrons can be only at certain energy 
levels, not between levels. If an electron absorbs energy from a 
flame or from an electric current, it can jump from a lower energy 
level to a higher energy level. When the electron falls back down 
from a higher energy level to a lower one, it releases energy. In 
Figure 19, energy levels are compared to a staircase in which the 
steps are not evenly spaced. 




Figure 21 As the number of electrons increases from 
one to ten, two electrons fill the lowest energy level. 
Then, eight electrons fill the second energy level.

Figure 20 In Bohr’s 
atom, electrons orbit the 
nucleus at set distances.

Bohr’s Model
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Bohr’s Atomic Model
Bohr proposed that what he had learned from studying the 

hydrogen atom applied to all atoms. Like Rutherford’s model, 
Bohr’s atomic model contains a nucleus. Electrons move in circles 
around the nucleus. But, as shown in Figure 20, the electrons can 
move only in circles with certain diameters. Each of these circles, 
called energy levels, has its own energy. The energy levels are at set 
distances from the nucleus and have specific energies. 

Electrons in the Bohr Atom 
In Bohr’s model of the atom, each energy level can hold a given 

number of electrons. The way that electrons are placed in energy 
levels is similar to the way students might fill the rows of seats in 
an auditorium. Students fill the front row closest to the stage first. 
Then they fill the second row. When the second row is filled, they 
continue to the third row and beyond until all students are seated. 
Maybe the last occupied row is full of students. Or, maybe it is 
only partly filled. 

Similarly, electrons fill the lowest energy level first. The lowest 
energy level is closest to the nucleus and can hold two electrons. 
When this first energy level is full, electrons begin to fill the sec-
ond level. The second energy level can hold eight electrons. When 
the second energy level is filled, electrons go to the next higher 
level. The last occupied energy level may or may not be completely 
filled. Figure 21 shows how electrons are placed in the elements 
with atomic numbers 1–10.

 Figure 21 Which two atoms have filled energy levels? 
Which atom has four electons in its outer energy level?

 




Figure 22 Helium and 
neon, with filled outer 
energy levels, are unreac-
tive. Lithium and sodium, 
with one electron each in 
their outer energy levels, 
are very reactive.

Electron Cloud
Model

Figure 23 An electron 
can be anywhere, even 
outside the edges of this 
illustration. The electron 
cloud shows only where 
the electrons are most 
likely to be found.
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Bohr’s Model and Chemical Properties
Why do elements have different chemical properties? Bohr’s 

model provided an answer. The clue to the chemical properties of 
an element is in the number of electrons in its outer energy level. 
Elements with the exact number of electrons to fill their outermost 
energy level are unreactive. Figure 22 shows that helium and neon 
have filled outer energy levels. This means these elements do not 
combine with other atoms to form compounds, or new substances. 
As you might guess, elements with partially filled outer energy lev-
els are likely to form compounds. Figure 22 shows that lithium 
and sodium have one electron in their outermost energy levels. 
Both are very reactive metals.

Limitations of Bohr’s Atomic Model 
Bohr’s model explained much about chemical behavior. He pro-

posed that energy levels were like circular orbits. That idea seemed 
to work for the simple hydrogen atom, but it did not work for 
more complex elements. If electrons don’t travel in circular orbits, 
how do they move in the space around the nucleus? 

The Electron Cloud 
Today, scientists think of an electron in an atom as being in an 

electron cloud. An electron cloud is a region surrounding an 
atomic nucleus where an electron is most likely to be found. Elec-
trons move rapidly from one place to another. They can be any-
where. But they are more likely to be closer to the nucleus than 
farther away because of the attraction of the negatively charged 
electrons for the positively charged nucleus. Figure 23 shows a dia-
gram of an electron cloud. The electron cloud is much larger than 
the diameter of the nucleus. If the nucleus were the size of a 
period, the atom would have a diameter of about 5 m. Figure 24 
summarizes how knowledge about the atom has increased through 
experiments.




J. J. Thomson’s amazing discovery of the elec-
tron showed that atoms were not indivisible. 
They contained negative electrons and positive 
charges to make them neutral.

John Dalton’s picture of the atom was a sim-
ple, neutral sphere of indivisible matter that 
was the same throughout. Atoms of different 
elements, however, were different from one 
another.

Figure 24 Development of Atomic Models The history of the development of the 
current model of the atom is an example for how science works. Models are proposed 
and tested. As more is learned, models are revised to fit the new observations.

Dalton Thomson

Rutherford Bohr

Neils Bohr used information from line spectra 
to define the orbits of electrons as having cer-
tain definite diameters.

Ernest Rutherford’s experiments showed that 
most of an atom’s mass is squeezed into a tiny 
nucleus. In the remaining space, electrons 
move in orbits of all possible diameters. 

Electron Cloud

In the current model, electrons occupy a 
space around the nucleus, but it is impossible 
to tell where an electron is at any particular 
time. 
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LESSON 2 Review
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How has the atomic model changed?
For Dalton, atoms were simple spheres of matter. Now the 

model of the atom is an electron cloud. How did this change take 
place? J. J. Thomson showed that the atom contains even smaller 
particles, called electrons. Rutherford proved that the atom has a 
nucleus packed with protons. Chadwick found out that neutrons 
also share space in the nucleus. Neils Bohr hypothesized that elec-
trons move in energy levels. Today, scientists know that the 
motions of electrons can’t be known. The electron cloud model 
shows only where electrons are most likely to be. Nevertheless, this 
model has been useful to chemists.

Summarize
Create your own lesson 
summary as you organize 
an outline. 

1. Scan the lesson. Find and 
list the first red main 
heading.

2. Review the text after 
the heading and list 2–3 
details about the heading.

3. Find and list each blue 
subheading that follows 
the red main heading.

4. List 2–3 details, key terms, 
and definitions under 
each blue subheading.

5. Review additional red 
main headings and their 
supporting blue subhead-
ings. List 2–3 details about 
each.

Science nline
For more practice, visit Standards 
Check at  .

ELA8: R 2.3

ca8.msscience.com

Atomic Model
 

ca8.msscience.com 

Standards Check

Using Vocabulary

1. Define electron cloud in your 
own words. 3.a

2. Use the phrase energy level in a 
sentence. 3.a

Understanding Main Ideas

3. What did the gold-foil 
experiment show? 3.a

A. Electrons exist.

B. Protons exist.

C. An atom has a nucleus.

D. Electrons move in circles.

4. List the experimental evidence 
that led to the development 
of these atomic models: 
Thomson’s, Rutherford’s, 
and Bohr’s. 3.a

5. Explain why Rutherford’s 
model is sometimes called the 
nuclear atom. 3.a

6. Describe the way electrons, 
protons, and neutrons are 
arranged in an atom. 3.a

7. Compare Copy and fill in the 
graphic organizer below. Com-
pare Thomson’s, Rutherford’s, 
and Bohr’s atomic models to 
identify principles that are 
common to all.  3.a

     

Applying Science

8. Construct diagrams to illus-
trate Thomson’s, Rutherford’s 
and Bohr’s models of the 
atom. 3.a

9. Decide whether research on 
particles such as quarks is 
likely to have an important 
effect on the principles of 
chemistry. 3.a

http://ca8.msscience.com
http://ca8.msscience.com
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Gold Copper

SulfurMercury

Figure 25 Atoms of each of these elements have 
their own identifying atomic numbers.
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Reading Guide

What You’ll Learn

▼ Explain how elements 
differ.

▼ Identify elements and 
atomic masses on the 
periodic table.

▼ Explain how two isotopes 
differ.

▼ Explain how two ions 
differ.

Why It’s Important
To understand their chemical 
behavior, it’s important to 
know how the atoms of an 
element can differ.

Vocabulary
element
atomic number
mass number
isotope
average atomic mass
ion

Review Vocabulary
periodic table: table of the 
elements arranged according 
to repeated changes in 
properties (Grade 5)

Elements, Isotopes, and 
Ions—How Atoms Differ

Atoms of a particular element always have the 
same number of protons.

Real-World Reading Connection You touch a doorknob 
and get a shock. Electrons are moving between the doorknob 
and your hand. Electrons can move from one atom to another 
atom. Why does this happen?

Different Elements—Different 
Numbers of  Protons

Early Greek philosophers thought of matter as combinations 
of four basic elements. These elements were earth, water, fire, 
and air. Today, an element is defined differently. An element is 
a pure substance made from atoms that all have the same num-
ber of protons. All atoms of the same element have the same 
number of protons. For example, all aluminum atoms have 
13 protons. That means that all atoms that have 13 protons are 
aluminum atoms. The number of protons in the atom of an 
element is the element’s atomic number. Figure 25 shows some 
elements with their atomic numbers.

  Science Content 
Standards

3.f Students know how to use the periodic 
table to identify elements in simple 
compounds.
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 relationship between variables.
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Atomic Number and the 
Periodic Table 

How can you find out how many protons an element has if you 
don’t know its atomic number? You can use the periodic table of 
elements, shown in Figure 26. Elements in the periodic table are 
arranged horizontally in order of increasing atomic numbers. The 
elements are also arranged vertically in groups with similar chemi-
cal properties. In almost all periodic tables, the block for each ele-
ment gives the element’s atomic number, name, and symbol. 
Often, the atomic mass also is included.

 Figure 26 How many elements are in the first row of 
the periodic table? How many are in the second and 
third rows?

In the periodic table shown in Figure 26, the blocks for most of 
the elements are colored light blue. These elements are metals. 
Notice that most of the elements are classified as metals. The 
blocks for nonmetals are yellow. These blocks are located at the 
right side of the table. Between the metals and nonmetals are 
the semimetals. These elements are represented by the green 
blocks. Semimetals are elements that have properties similar to 
those of both metals and nonmetals.

Figure 26 Periodic Table of Elements
The periodic table is a way of organizing the 
elements and understanding the relationships 
among their chemical properties.




Figure 27 Count the protons and 
neutrons in each nucleus. Show 
that the mass number equals the 
number of protons plus the num-
ber of neutrons.
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Isotopes—Different Numbers 
of  Neutrons

In Lesson 2, you read that an atom’s nucleus contains neutrons 
in addition to protons. Unlike protons, neutrons have no charge. 
Atoms of the same element always have the same number of pro-
tons. However, atoms of the same element sometimes have differ-
ent numbers of neutrons. 

Protons, Neutrons, and Mass Number
The atomic number of an element tells you the number of pro-

tons in its atoms. But, how can you know the number of neutrons 
an atom has? To find out, you need to know the atom’s mass num-
ber. An atom’s mass number is the sum of the number of protons 
and neutrons the atom has. Subtract the number of protons (the 
atomic number) from the mass number to calculate the number of 
neutrons. 

Number of neutrons � mass number � number of protons

Figure 27 shows the nuclei of two different atoms of neon. 
The atomic number of both atoms is 10, so each atom should 
have 10 protons (+). But one atom has a mass number of 20. The 
other’s mass number is 22. A third type of neon atom also occurs 
naturally, but in very small amounts.

 Figure 27 Count the number of neutrons in each 
model. Check your results using the equation above. 

You may have read previously that an element is a substance 
composed of one kind of atom. Now you are learning that atoms 
of an element can have different numbers of neutrons in their 
nuclei. But, as you will read in Chapters 7 and 8, the chemical 
behavior of an element doesn’t depend on the contents of its 
nucleus. All atoms of the same element act the same chemically 
because they have the same number of electrons.




Table 3 Comparison of Three Carbon Isotopes

Isotope Symbol Atomic 
Number

Number 
of 

Neutrons

Mass 
Number

Radioactive?

Carbon-12 C-12 6 6 12 No

Carbon-13 C-13 6 7 13 No

Carbon-14 C-14 6 8 14 Yes
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Isotopes 
Recall that all the atoms of a particular element have the same 

atomic number. Having the same atomic number means that these 
atoms contain the same number of protons. In contrast, you have 
read that not all atoms of an element have the same mass number. 
This means that atoms of the same element can have different 
numbers of neutrons. Neon was the example shown in Figure 27. 
Atoms of the same element that contain different numbers of neu-
trons are called isotopes.

Because most elements have more than one isotope, each ele-
ment has an average atomic mass. The average atomic mass of an 
element is the weighted average mass of the mixture of an ele-
ment’s isotopes. The most common of carbon’s isotopes has six 
protons and six neutrons. If you add the number of protons and 
neutrons (6 + 6), you find that this isotope has a mass number of 
12. Another of carbon’s isotopes has seven neutrons. Add to the 
number its 6 protons and you have its mass number of 13. Can you 
see why carbon’s third isotope has a mass number of 14? The sym-
bols for these three isotopes are C-12, C-13, and C-14. What other 
property, shown in Table 3, is different for one of the three carbon 
isotopes besides the number of neutrons? 

 
What are the atomic number and mass number of 
the most common isotope of carbon?

Using Isotopes
Carbon-14 is radioactive. Radioactive isotopes have unstable 

nuclei that break down and release particles, radiation, and energy. 
This property makes an isotope useful for a variety of purposes. 
Carbon-14 is useful for dating bones, wood, and charcoal up to 
75,000 years old. Geologists use uranium-238 to determine the age 
of rocks. In hospitals and clinics, radioactive isotopes help diag-
nose and treat many medical conditions. In Figure 28, you can 
find out what a tracer element is and how tracers are used in a 
variety of ways.

WORD ORIGIN
isotope
 from Greek isos (means equal) 
and topos (means place)

ACADEMIC VOCABULARY
contrast (kahn TRAST)
(verb) to show differences 
when compared The student 
wrote a poem that contrasted 
winter and summer.
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Visualizing Tracer Elements 

Figure 28
Radiation from radioactive isotopes, often called 
radioisotopes, can penetrate matter and harm living 
cells. But many radioisotopes with short half-lives can 
be used in tiny amounts without harming people. 
Radioisotopes are called tracers because when a small 
amount of the isotope is introduced into a system, its 
flow through the system can be followed by a device 
that detects radiation. A variety of radioactive tracers, 
such as iodine-131, gadolinium-153 (atomic number 64), 
and techetium-99 have many uses in industry, 
medicine, and research. 

▲ Californium-252 (atomic 
number 98) is used to inspect 
airline luggage for hidden 
explosives and weapons.

▲ Nuclear medicine is a growing field of medicine for both 
diagnosis and treatment of disease. Tumors often are treated 
with radiation by implanting a tiny capsule or “seed” contain-
ing a radioisotope directly at the site of the cancer. Radiation 
from a cobalt-60 source can also be focused on the cancer.

▲ Because of its short half-
life, technetium-99 is pro-
duced as needed in small 
generators at the hospital 
where it is to be used.

▲

 Scans of brain 
activity help 
scientists under-
stand what parts 
of the brain are 
involved in different 
mental activity. 
These photos show 
the brain’s response 
to different 
stimulation. 

Contributed by National Geographic
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Table 4 Isotopes of Hydrogen

Name Protium Deuterium Tritium

Symbol H–1 H–2 H–3

Atomic number 1 1 1

Mass number 1 2 3

Radioactive? No No Yes

Atomic structure

Interactive Table Organize information about 
the hydrogen isotopes at        . 
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Isotopes of Hydrogen 
The atomic number of hydrogen is l. This element is in the first 

block of the periodic table. All hydrogen atoms have one proton. 
The most common isotope of hydrogen sometimes is called pro-
tium. Protium (PROH tee um) has no neutrons. Its mass number 
is the same as its atomic number—one. Two other hydrogen iso-
topes are called deuterium (doo TEER ee um) and tritium (TRIH 
tee um). These isotopes do have neutrons. Deuterium has one pro-
ton and one neutron. Its mass number is 2. Tritium has one proton 
and two neutrons. Its mass number is 3. Table 4 illustrates how 
the three isotopes differ. How many electrons are in the atoms of 
each of the hydrogen isotopes?

Protium, deuterium, and tritium are the only isotopes of any 
element that have special names. They have the same chemical 
properties. However, they have different physical properties. Of the 
three isotopes, tritium is the only one that is radioactive. Tritium is 
useful in scientific research because its radioactivity makes it easy 
to detect. Scientists also use deuterium to study chemical reactions.

 Table 4 What is the name of the isotope of hydrogen 
that has two neutrons?

Ions—Gaining or Losing Electrons
Because the number of protons and the number of electrons are 

equal, an atom is neutral. The positive and negative charges of the 
two types of particles balance. However, atoms can lose or gain 
electrons. An atom that has lost or gained electrons doesn’t have 
the same number of electrons as protons. This means the atom 
is no longer neutral. It has become an ion. An ion is an atom that 
is no longer neutral because it has gained or lost electrons. Ions 
form substances called ionic compounds.

ca8.msscience.com
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Figure 29 The sodium 
atom has eleven protons and 
eleven electrons. The sodium 
ion has eleven protons and 
only ten electrons.

Determine what neutral atom 
has ten electrons.
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Positive Ions—Losing Electrons 
When an atom loses an electron, it has more protons than elec-

trons. As a result, it has a positive charge. An atom with a positive 
charge is called a positive ion. A positive ion is represented by the 
element’s symbol with a superscript plus sign (�). A positively 
charged hydrogen ion is written H�. If an atom loses two electrons, 
the symbol for the ion has the superscript 2�. For example, calcium 
loses two electrons and forms the positive ion Ca2�. Figure 29 
shows a diagram of sodium becoming an ion. When you look at 
the figure, remember that electrons do not move in circular orbits. 
Diagrams are drawn in this way for ease of use.

As you read, refer to the periodic table in Figure 26. Note the 
positions of the elements being discussed. Elements on the left side 
of the periodic table are most likely to lose electrons to form posi-
tive ions. For example, elements in Group 1, such as lithium and 
potassium, easily lose one electron to form ions. These ions have 
�1 charge, Li�, and K�. Elements in Group 2, such as magnesium 
and calcium, easily lose two electrons. These elements form ions 
with �2 charges, Mg2� and Ca2�. Some members of Group 13 can 
lose three electrons and form ions with �3 charges. Aluminum, 
for example, forms the ion Al3�. 

Negative Ions—Gaining Electrons
When an atom gains an electron, it forms an ion with a negative 

charge. A negative ion has more electrons than protons. Elements 
on the right side of the periodic table are most likely to form nega-
tive ions. Elements in Group 17 easily gain one electron. For exam-
ple, fluorine and chlorine can form ions with a �1 charge. A single 
negative charge is shown as a superscript minus sign. The ions of 
fluorine and chlorine are represented as F– and Cl–. Oxygen and 
sulfur are in Group 16. These atoms can gain two electrons to 
form ions with �2 charges, O2– and S2–. Positive and negative ions 
attract each other because of their opposite charges. In this way, 
compounds are formed.




LESSON 3 Review

202 Chapter 4 • Understanding the Atom

Reviewing Elements, 
Isotopes, and Ions

You have read that all the atoms of an element have the same 
number of protons. The number of protons in an element is its 
atomic number. Elements are arranged in the periodic table 
according to their atomic numbers. Some atoms of the same ele-
ment may have different numbers of neutrons in their nuclei. 
These different types of atoms are called isotopes. The total num-
ber of protons and neutrons in an atom is its mass number. Some 
atoms can lose electrons to become positive ions. Other atoms can 
gain electrons to become negative ions. In the next chapter, you 
will see how ions can combine to form ionic compounds.

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  .

ELA8: W 2.1

ca8.msscience.com

Isotopes
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Standards Check

Using Vocabulary

1. Distinguish between atomic 
number and mass number.
 7.b

2. Define average atomic mass in 
your own words. 7.b

Understanding Main Ideas

3. What is the number of neu-
trons in an atom called? 7.b

A. mass number

B. atomic number

C. the mass number plus the 
atomic number

D. the mass number minus the 
atomic number

4. Explain the difference 
between oxygen-16 and 
oxygen-17. 7.b

5. Describe the way in which a 
neutral atom becomes a 
positive ion of the same 
element. 7.b

6. Determine the number of neu-
trons in an isotope of argon 
that has a mass number of 40 
and an atomic number of 18.
 7.b

7. Compare Copy and fill in the 
graphic organizer below to 
compare the two isotopes of 
lithium that have three and 
four neutrons. Use the periodic 
table. 7.b

 

Applying Science

8. Draw a conclusion about 
whether the periodic table 
could be arranged according 
to atomic mass rather than 
atomic number. 3.f

http://ca8.msscience.com
http://ca8.msscience.com



   203   203

Each element is made up of atoms with a certain number of parti-
cles. The periodic table tells you how many protons and electrons 
are in atoms of each type.

Data Collection 
1. Copy the table twice in your Science Journal. In your first copy, 

write the symbol for each element in the center of its square. 
Use the periodic table.

2. Write the mass number at the top right corner.

3. Write the number of neutrons in the bottom right corner.

4. In the second table, draw a diagram of each element. Write the 
number of protons and neutrons inside a circle to show the 
nucleus. Put the correct number of electrons for each element 
in rings in 1, 2, or 3 rings outside the nucleus.

 1  2

 3  4  5  6  7  8  9 10

11 12 13 14 15 16 17 18

Data Analysis
1. Graph  the atomic mass versus atomic number for your 

elements.

2. Explain  how atomic mass varies as atomic number increases.

How do atoms differ?

 
Science Content Standards

3.a  Students know the structure of the atom and know it is composed of protons, neutrons, and 
electrons.

3.f  Students know how to use the periodic table to identify elements in simple compounds. 
9.e  Construct appropriate graphs from data and develop quantitative statements about the 

relationships between variables.
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Model and Invent:
Build an Atom

Problem
You have learned about the people who developed a picture of 
what atoms look like and you have learned the parts of an atom. 
Now, create an atom. Use craft materials to design and produce 
your own model of an atom. 

Collect Data and Make Observations
Select Your Model
1. Read and complete a lab safety form.
2. Choose an element.
3. Draw an atomic structure diagram for that element in your 

Science Journal.
4. List everything you know about protons, neutrons, electrons, 

and their behavior.

Plan Your Model
5. How will you model the atom? Decide what materials you will 

use for the atom. How will you arrange the electrons outside 
the nucleus? Do you want to put electrons on wire or in bal-
loon clouds? What type of objects will you use to show pro-
tons, electrons, and neutrons?

6. Make sure your teacher has approved your model before you 
proceed.

Build Your Model
7. Create your atomic model.
8. Show and discuss your model with your classmates.

Materials 
dried peas
small balloons
medium balloons
large balloons
craft wire
small pompoms
jelly beans
glue

Safety Precautions

  Science Content 
Standards

3.a Students know the structure of the 
atom and know it is composed of protons, 
neutrons, and electrons.
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Analyze and Conclude

1. Describe  how you represented the nucleus in your model. 
Do you think this worked well?

2. Describe  how you represented electrons in your model. 
Explain how your model mimics how electrons behave.

3. Write  a paragraph describing two of your classmates’ mod-
els. What did you like about their models? What do you 
think they could have done better?

4. Explain  how your model would work if you decided to 
make a smaller atom. Would another model work better? 
What if you tried to make a larger atom?

5. Infer  How do the mass and distance ratios of 
your model compare with reality?

6. Error Analysis  What could have been better 
about your model? Explain in detail how you 
could improve it.

Communicate

Peer Review With your classmates, compare and 
contrast your models. Discuss the best features of 
each model and ways that each might be 
improved. Vote on which model does the best job 
representing:

• particles of the nucleus
• electrons
• size of the nucleus
• distance of electrons from the nucleus
• movement of electrons
• electron levels

Be prepared to defend your vote for each category. Can you 
explain why you voted the way you did?

ELA8: LS 2.4
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Chien-Shiung Wu
Chien-Shiung Wu graduated with a PhD in physics 
from the University of California, Berkeley in 1940. 
She was one of a few female scientists involved in 
the Manhattan Project, which developed the 
atomic bomb. Her work on the project included 
separating the isotope uranium-235 from the 
element uranium-238. In 1957, she won the Nobel 
Prize in Physics.

Understanding the Periodic Table Create a 
table of the atomic mass, mass number, number 
of protons and number of neutrons of the 
elements plutonium and uranium. 

Nuclear Power
When the nucleus of an isotope is split apart, it 
creates energy. This process is called fission. 
Nuclear power plants use uranium or plutonium 
isotopes to create energy this way. Seven grams of 
uranium can produce as much energy as 3.5 
barrels of oil or 809 kg of coal. 

The Energy Crisis Alternative energy is energy 
derived from sources other than fossil fuels. 
Select one type of alternative energy. Research 
the benefits and drawbacks of your selected 
energy type and hold a class mock debate 
to discuss each type. Visit TechnologyTechnology at 
ca8.msscience.com to research information on 
alternative energy.

(t)Segre Collection/AIP/Photo Researchers, (b)Yann Arthus-Bertrand/Photo Researchers

http://ca8.msscience.com
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Three Mile Island 
Accident

A partial melt down occurred at the Three Mile Island 
power plant in Middletown, Pennsylvania, in 1979. Luckily, 
no fatalities or injuries took place. The problem arose when 
the cooling system failed, which ultimately caused a relief 
valve to open. Water used in the cooling system was 
contaminated with radioactive waste. It took 13 years to 
decontaminate the power plant.

How safe are nuclear power plants? Ask five people 
their opinion of the safety of nuclear power. Tally 
everyone’s results and create a table and bar graph of 
the data of the entire class.  

Dropping the Atomic Bomb
Shortly before the end of World War II, 
the United States dropped two atomic 
bombs on Hiroshima and Nagasaki, 
Japan in August 1945. In Nagasaki 
39,000 people died instantly and 
almost twice as many died from bomb-
related complications, such as cancer. 
The Nagasaki bomb contained 8 kg of 
the isotope plutonium-239. 

The Age of Nuclear Weapons 
Write an editorial about the use of 
nuclear weapons. Include your 
opinion about the use of nuclear 
weapons in the past, present, future 
and the use of the atomic bomb 
during World War II. 

ELA8: W 2.4
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CHAPTER

Interactive Tutor 

 
The current model of the atom includes protons, neutrons, and electrons.

ca8.msscience.com

Standards Study Guide

Lesson 1 Atoms—Basic Units of Matter

Matter is made of tiny particles called atoms.
• All matter is composed of tiny particles called atoms.

• Atoms contain electrons, protons, and neutrons. 

• Protons and neutrons are located in the nucleus of an atom and make up 
most of the mass of an atom. 

• Electrons move around the outside of the nucleus and take up most of the 
space in an atom.

• atom  (p. 174)
• electron  (p. 175)
• matter  (p. 174)
• neutron  (p. 175)
• nucleus  (p. 175)
• proton  (p. 175)

Lesson 2 Discovering Parts of the Atoms

Scientists have put together a detailed model of 
atoms and their parts.
• Rutherford showed that an atom has a tiny nucleus surrounded by a large 

space in which electrons move. 

• Rutherford’s atomic model was an improvement over Thomson’s model but 
could not describe the motion of the electrons. 

• Bohr’s model included different energy levels for the atom’s electrons. 

• Bohr’s model explained the spectrum of hydrogen and why elements have 
different chemical properties.

• In today’s atomic model, electrons move in electron clouds at different 
energy levels.  

• electron cloud  (p. 190)
• energy level  (p. 190)
• spectral line  (p. 191)

Lesson 3 Elements, Isotopes, and Ions—How Atoms Differ

Atoms of a particular element always have the same 
number of protons.
• The number of protons in the atoms of an element is called the atomic 

number. 

• The atomic number is the same for all atoms of the same element.

• Elements are arranged on the periodic table according to their atomic 
numbers.

• Atoms with the same number of protons but different numbers of neutrons 
are called isotopes.

• Atoms can lose or gain electrons to form positive or negative ions. 

• Elements in the same group of the periodic table form ions with the same 
charge.

• atomic number  (p. 195)
• average atomic mass  (p. 198)
• element  (p. 195)
• ion  (p. 200)
• isotope  (p. 198)
• mass number  (p. 197)

3.a

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

3.a

3.f, 7.b, 9.e

http://ca8.msscience.com
http://ca8.msscience.com
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Atoms

isotopes

have

nuclei

contain

4. 

are located in

electrons

loss or 
gain produces

2. 

have different 
numbers of

have

7. 5. 

have
number
equals

atomic 
number

sum of
 numbers equals

which produce

3. 

The atoms of an element have the same number of protons, but some atoms 

called   8.   can have different numbers of neutrons. Neutrons are packed into 

the   9.   of an atom along with the atom’s   10.  . The electron is an-

other particle in an atom. When an atom loses an electron, a(n)   11.   is 

formed which has a positive charge. In the current model of the atom, electrons 

occupy a(n)   12.  .

Using Vocabulary
Fill in the blanks with the correct vocabulary terms. Then read the paragraph to a 
partner.

have

1. 

energy 
levels

6. 

Linking Vocabulary and Main Ideas
Use vocabulary terms from page 208 to complete this map.

Standards Review

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

http://ca8.msscience.com
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Understanding Main Ideas
Choose the word or phrase that best answers the 
question.

1. Which part of an atom takes up the most space?
A. the electrons 3.a
B. the protons
C. the neutrons
D. the nuclei 

2. What did Democritus believe an atom was?
A. a tiny particle with a nucleus 3.a
B. a tiny nucleus with electrons surrounding it
C. an electron cloud
D. a solid, indivisible sphere

 3. An ion contains 10 electrons, 12 protons, and 13 
neutrons. What is the ion’s charge? 
A. 1–   7.b
B. 3+
C. 2–
D. 2+

4. The illustration below shows the apparatus that 
J. J. Thomson used.

  What did J. J. Thomson discover?
A. Matter contains neutrons. 3.a
B. Electrons have a negative charge.
C. Electrons have a positive charge.
D. Atoms can move in a stream.

5. What does the symbol Ca2+ represent?
A. an isotope of calcium 7.b
B. a calcium atom
C. a negative calcium ion
D. a positive calcium ion

 6. How is the identity of an element determined?
A. the number of its protons 7.b
B. the number of its neutrons
C. its mass number
D. the charge of the atom

 7. What does the electron energy level diagram 
show?

 

A. Energy is released as electrons move to upper 
levels.

B. Energy must be absorbed for electrons to fall 
to lower levels.

C. The energy of an electron at each level is dif-
ferent.

D. The energy difference between each level is 
the same. 3.a

 9. How is Bohr’s atomic model different from 
Rutherford’s model?
A. Bohr’s model has more electrons. 3.a
B. Electrons in Bohr’s model are located farther 

from the nucleus.
C. Electrons in Bohr’s model have different 

energy levels.
D. Electrons in Bohr’s model surround the 

nucleus but do not move.

Standards Review  ca8.msscience.com

http://ca8.msscience.com


Chapter 4 • Standards Review 211

CHAPTERStandards Review

Particle Charge Mass (amu)

Proton �1 1.007316

Neutron   0 1.008701

Electron �1 0.000549

Applying Math

Use the table below to answer questions 18–22.

18. Find the mass of three protons.  ALG: 2.0

19. Find the mass of five electrons.  ALG: 2.0

20. Find the mass of four neutrons.  ALG: 2.0

21.  Find the mass of seven protons. ALG: 2.0

22.  Find the mass of six electrons.  ALG: 2.0

Applying Science
  9. List two ways in which Bohr’s atomic model was 

an improvement over Rutherford’s model of the 
atom.  3.a

10. Explain how a negative ion is formed. 7.b

11. Determine how much larger the mass of a pro-
ton is than the mass of an electron. Use the data 
in the table below. Show your calculations. 3.a

12. Suggest a possible reason why sulfur’s average 
atomic mass is very close to the whole number 
32, whereas magnesium’s average atomic mass is 
24.3, which is not a whole number. Use this 
information: Sulfur has only one common iso-
tope. Magnesium has several isotopes. 7.b

13. Demonstrate how you can use Dalton’s atomic 
symbols to represent the substances water and 
hydrogen perioxide. Water has two hydrogen 
atoms and one oxygen atom. Hydrogen peroxide 
has two hydrogen atoms and two oxygen 
atoms. 3.a

14. Explain why it is necessary to change models as 
new information becomes available. 3.a

15. Describe how you can use the periodic table to 
determine the average number of neutrons an 
element has, even though the number of neu-
trons is not listed. 3.f

16. Explain how it is possible for two atoms of the 
same element to have different masses. 7.b

17. Write a 500–700-word biography about Antoine 
Lavoisier. Describe his background and schooling 
in science. Explain the experiments that led him 
to demonstrate the law of conservation of mass.  
  ELA8: W 2.1

Particle Mass (g)

Proton 1.6727 � 10�24

Neutron 1.6750 � 10�24

Electron  9.110 � 10�28
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 1  Ruthenium has an atomic number of 44 and a 
mass number of 101. How many protons does 
ruthenium have?

A 44

B 57

C 88

D 101 7.b

 2  The diagram below shows a model of an atom 
that was developed following Rutherford’s 
experiment.

 

 Which component of the atom is not repre-
sented in Rutherford’s atomic model?

A the neutrons

B the nucleus

C the electrons

D the protons 3.a

 3  Gloria is making a model of an atom. She is 
using three different colors to represent the 
three basic particles that make up an atom.  
Which particles should she display in the 
nucleus of the atom?

A neutrons only

B electrons only

C protons and neutrons

D electrons and protons 3.a

 4  The atomic number of boron is 5. Boron-11 
contains

A five electrons and six protons.

B five protons and six electrons.

C five protons and six neutrons.

D six protons and five neutrons. 7.b

 5  Dalton’s model of the atom described atoms as 
spheres that are the same throughout.  Why did 
scientists develop a new model of the atom?

A Philosophers thought that all matter is made 
up of atoms.

B Researchers proposed that all atoms of the 
same element are alike.

C Experiments showed that atoms contain 
smaller particles with different charges.

D Studies suggested that a large amount of 
energy could be released from an atom. 3.a

 6  The illustrations below show three nuclei.

 

1 Proton
1 Neutron

1 Proton
0 Neutrons

1 Proton
2 Neutrons

 What is the mass number for each of the nuclei 
shown in the illustration above?

A 0, 1, 2

B 1, 1, 1

C 1, 2, 2

D 1, 2, 3 7.b

http://ca8.msscience.com
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7  The table below shows properties of four 
nitrogen isotopes.

Isotopes of Nitrogen

Isotope Mass 
Number

Number of 
Protons

Nitrogen-12 12 7

Nitrogen-13 13 7

Nitrogen-14 14 7

Nitrogen-15 15 7

How many neutrons does nitrogen-15 have?

A 7 

B 8 

C 15

D 21 7.b

 8  Which scientist envisioned the atom as a ball of 
positive charge with electrons embedded in it?

A Bohr

B Dalton

C Rutherford

D Thomson 3.a

 9  Which particle is the smallest?

A electron 

B nucleus 

C proton

D neutron 3.a

 10  The atomic number is equal to the number of

A protons.

B neutrons.

C electrons.

D quarks. 3.a

 11  What did Thomson’s experiment show?

A The atom is like a uniform sphere.

B Cathode rays are made up of electrons.

C The atom cannot be divided.

D The atom was a neutral sphere 3.a

 12  Why did Rutherford infer the presence of a tiny 
nucleus?

A The alpha particle went through the foil.

B No alpha particles went through the foil.

C The charges were uniform in the atom.

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

 13  The table below describes three carbon atoms.  

 How are these atoms different from one 
another?

A Each one is a different isotope.

B Each one is a different element. 

C Each one is made up of different types 
particles.

D Each one has different types of particles in 
the nucleus.  7.b

Carbon Atoms and Their Properties

Carbon-12 Carbon-13 Carbon-14

Mass 

number
12 13 14

Number of 

protons
6 6 6

Number of 

neutrons
6 7 8

Number of 

electrons
6 6 6

Atomic 

number
6 6 6

Standards Assessment
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