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 Everything in our world is made up of atoms, and this explains why atoms are called the 
building blocks of matter. These building blocks make up the air you breathe, the desk at which 
you are sitting, the paper and ink used in this book, and your body, which reacts to all of these 
things.

 There are 94 (latest count) naturally occurring kinds of atoms. Naturally occurring atoms 
are those found in nature. We are also able to create about 25 more in the science laboratory. 
Every atom has the same parts, and the most notable of these are the proton, neutron, and 
electron. It took many years before these basic parts were identified. As with most scientific 
discoveries, some very bright people thought and thought about the origin of things and came 
up with the idea of the atom. Of course, many other people thought the idea of the atom was 
absurd—how could all things be made of something so small that it can’t be seen? Remember 
that Democritus was the first person to develop the atomic theory, and he was a Greek philoso-
pher living around 460 b.c .! Since then, many new discoveries have been made and will continue 
to be developed as new equipment allows us to “see” more clearly the amazing atom.

 In this book, you will be able to trace the development of the theory of the atom and the 
resulting understandings, such as atomic structure and the periodic table. Each lesson provides 
the necessary background to move to the next level of both skill and conceptual development. 
While working your way through the lessons, you will have an opportunity to create an Element 
PowerPoint® Presentation. In-depth research of a specific element helps to develop technology 
and communication skills with the added bonus of creating “experts” with a passion for learning 
more.

 The next area of focus forces you, the student, to deal head-on with the concept of iso-
topes and their role in our life right now! And last but not least, you will also be able to use your 
excitement and communication skills to role-play the life and scientific milestones of a scientist 
who contributed to our current understanding of the atom. So, student observers, put on those 
thinking caps and use your process skills to observe, classify, analyze, debate, design, and 
report. This unit contains a variety of lessons that will help you practice scientific processes as 
you make exciting discoveries about our ever-evolving understanding of the atom and how it 
affects our lives on Planet Earth!

Introduction: What Is an Atom?

  Introduction: What Is an Atom?
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 As with most scientific discoveries, some very bright people thought and thought about 
the origin of things and came up with the idea of the atom. Of course, many other people thought 
the idea of the atom was absurd—how could all things be made of something so small that it 
can’t be seen? Remember that Democritus was the first person to develop atomic theory, and 
he was a Greek philosopher living around 460 b.c .!

 It took many years for the idea of atoms to catch on. In fact, it 
became increasingly important to try to prove that atoms did exist. In 
the late 1700s, John Dalton developed the atomic theory on which 
all current understandings are based. And where, you might wonder, 
did he come up with his ideas? Well, Dalton started out his career as 
a teacher of mathematics and natural philosophy. His constant search 
to better understand the subjects he taught caused him to conduct 
experiments to test his questions or hypotheses. Dalton set a fine 
example for scientists to follow because he recorded all of his work 
in journals, and he posted a whopping 200,000 entries! Most notable 
of the entries were those of his meteorological observations, which 
recorded the changeable climate of the Lake District where he lived in England.

 The next few discoveries came in just a 
few years by three scientists. In the 1890s, J.J. 
Thomson discovered the electron. Many of his 
experiments with the cathode ray led him to 
believe in the existence of an atomic particle 
“with a mass about 1,000 times smaller than 
a hydrogen atom.” As Thomson lectured to 
many scholars in England and America, his 
ideas met with much skepticism. The lack of 
the support of his colleagues caused him to 

work even harder to prove what he knew existed … the electron.

 In 1919, Ernest Rutherford discovered the proton, and as he continued testing ideas, he 
developed the idea of the nucleus of the atom. He also proposed the idea of another particle 
(the neutron), which would be located in the nucleus with the proton. Many of Rutherford’s ideas 
about atomic theory resulted from the experi-
ments he conducted involving radiation. He was 
certain that both positive and negative charges 
were emitted by the atom. Since Thomson had 
identified the existence of the negatively charged 
electron, Rutherford proposed the idea of a 
positively charged proton. With further studies, 
he found that each of these particles was found 
in a specific location relative to one another and 
drew models to represent his ideas. Rutherford 

The History of the Atom

John Dalton

The “Plum Pudding” model 
of the atom proposed by J.J. Thomson

Ernest Rutherford and the Nuclear Atom model

  The History of the Atom
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was credited with introducing the terms: alpha, beta, and gamma rays, the proton, half-life, and 
daughter atoms.

 James Chadwick, a student of Rutherford, is credited with the discovery of the neutron. 
Chadwick’s discovery resulted from learning from others and using this knowledge to further his 
own ideas. He was able to study under Rutherford but was intrigued when the scientists Frederic 
and Irene Joliot-Curie proposed a different method for tracking particle radiation. Chadwick was 
able to use the work of Rutherford, Curie, and Joliot to successfully determine that the neutron 
did exist and that its mass was about 0.1 percent more than the proton’s.

   Many other scientists seized these ideas. 
During the process of discussing and explaining 
their thoughts, many developed models to help 
others understand the concept. The first model 
to gain acceptance was one proposed by Niels 
Bohr in the 1920s, which gave the particles of 
the atom a specific structure in which to reside. 
Bohr was a student of J.J. Thomson and won 
the Nobel Prize in physics in 1922 for his model. 
He was only 37 years old at the time of the 
award!

 Now that scientists accepted the existence of the atom, they were beginning to realize 
that there were many different atoms. These atoms had both similar and unique characteristics. 
In 1869, Dmitri Mendeleev, a Russian chemist, arranged the 63 known elements into groups and 
periods and called it the Periodic Table of the Elements. His understanding of chemical prop-
erties and atomic weights allowed him to leave spaces open for yet-to-be-discovered elements.

 In 1939, Niels Bohr informed the United States of the latest development of Nazi Germany, 
the splitting of the atom. The United States realized that the Nazis could develop extremely 
powerful weapons. As a result, President Franklin Roosevelt established the Manhattan Project 
in 1941. Robert Oppenheimer was appointed to head the project, which he established at Los 
Alamos, New Mexico. He was able to assemble the best minds in 
physics to develop the atomic bomb. The development of the atomic 
bomb is credited also to the preceding discoveries of scientists. Most 
notable among these scientists were James Chadwick, Enrico Fermi, 
Otto Hahn, Fritz Strassmann, and Lise Meitner. The Los Alamos 
Research Facility is still in existence and is known to be one of the 
finest in the world.

 Many new discoveries will become a reality as new equipment 
allows us to “see” more clearly the amazing atom.

  The History of the Atom (cont.)

The History of the Atom

Niels Bohr proposed 
the Electron Shell 
model of the atom.

Modern model of the atom
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 The atom is the smallest part of anything, and the universe is collectively the largest, 
yet both are closely related. Everything is made of matter, and all matter is made of atoms; this 
idea can present an interesting way of looking at everything in the universe.

 So … what is an atom? Well … everything in our world is made of atoms, and this explains 
why atoms are called the building blocks of matter. These building blocks make up the air you 
breathe, the desk at which you are sitting, the paper and ink used in this book, and your body, 
which reacts to all of these things.

 There are 94 (the latest count) naturally occurring kinds of atoms. Naturally occurring 
atoms are those not made in the laboratory. We are also able to create about 25 more atoms, 
which are referred to as synthetic atoms. All of this is well and good, but what does the atom 
look like? Again, this is an interesting question. Scientists are only able to give you their best 
guess, which has been changed many times and will continue to change as technology becomes 
increasingly more sophisticated.

 To explain atoms, it is probably easier to start with the larger picture and work our way to 
the smallest. Matter is the term we use to explain anything that has mass and takes up space. 
If we were to look at air, we would find that 99.9% of the air is made of the elements nitrogen, 
oxygen, and argon. When we say that air is matter, we are referring to all of the elements. We 
can further break each of the three elements down to the billions and billions of atoms that make 
up the elements.

 If you found this explanation somewhat helpful, let’s try another example to cement the 
concept. An atom is the simplest form of matter that cannot be changed into a simpler form by 
ordinary means. An element is many of the same kind of atom. An example of this is when you 
have a piece of aluminum foil. This would be the element aluminum because it is many of the 
same kind of atom. If you tear a piece of aluminum from the roll and then keep tearing it into 
smaller and smaller pieces, you will eventually have a pile of aluminum specks that are good 
for nothing, but one could say that it is a pile of aluminum. The aluminum speck, while hardly 
visible to the human eye, contains millions and millions of aluminum atoms, each having the 
exact same properties of aluminum. Some of these properties include shiny, metal, solid at room 
temperature, and flexible as a thin sheet of aluminum. An atom, therefore, is the smallest part 
that anything can be broken down into and that still retains the properties of the element.

Matter and the Atom

 Diamond         Graphite             Gold     Sulfur       Silver
     (both forms of carbon)

  Matter and the Atom
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Name:  Date:  

To the student observer: What is an atom? 

  
          
Analyze: Why do we think of atoms as the building blocks of matter? 

Directions: Complete the following activity.

  1. How many naturally occurring atoms have been found?  

  2. How many synthetic atoms have been created? 

  3. What is the difference between a naturally occurring atom and a synthetic atom? 

 

 
  
  4. What is matter?  

 

  5. What is an element?  

 

  6. What is the difference between matter and elements?  

 

  
  

  7. What is the difference between elements and atoms? 

 

  
    

Matter and the Atom: Reinforcement Activity

  Matter and the Atom: Reinforcement Activity
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 There are three basic parts of the atom: proton, neutron, and electron. The protons and 
neutrons are located in the center of the atom; this area is called the nucleus. The electrons are 
found orbiting around the nucleus in an area we call the electron cloud. They are organized into 
levels within the electron cloud, and the outermost level is referred to as the valence energy 
level.

 To understand the relative size of the atom, it is necessary to visualize something we al-
ready know something about. If the nucleus of the atom were about the size of a racket ball, the 
atom would have a diameter of more than 2 km. Another way to visualize the atom is to imagine 
that the nucleus is an ant crawling around at the centerline of a football field, and the first group 
of electrons would be circling 55 yards away (the end zones). Think of the distance between the 
ant and the end zones as empty space within the atom. Now shrink your relative thinking to the 
very, very small size of the atom. It now becomes much easier to think of the atom as really not 
much more than empty space. The actual atom is more than 99% empty space.

 Let’s take an in-depth look at each of these particles, the three basic parts of the atom:  
proton, neutron, and electron. 

  Particle Charge Location Weight

 proton positive (+) nucleus 1 amu  

 neutron neutral (no charge) nucleus 1 amu  

 electron negative (-) electron cloud 0.0018 amu  

                                amu = atomic mass unit

   If we were to look at a two-dimensional model of the atom, it might look like the following:

 Notice the placement of the protons and neutrons 
together in the center of the drawing. This represents 
the nucleus.

 The electrons will spin or orbit around the nucleus in 
a space called the electron cloud. There are many 
levels within the electron cloud.

 The first level can hold up to 2 electrons and the 
second level can hold up to 8 electrons. The first 
level must be filled before beginning to fill the second 
level.

       

The Parts of the Atom

  The Parts of the Atom
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 There are some problems in showing the atom as a two-dimensional model. The size of 
the particles (protons, neutrons, and electrons) is not accurate because we know the electrons 
are 1,800 times smaller than the protons and neutrons. Also, the space between the nucleus 
and the first energy level of the electron cloud is much too close. While the protons and neutrons 
remain relatively stationary, the electrons spin very fast. The “circles” are meant to show that 
the electrons have an orbit pattern, but the pattern lines do not exist. I like to think of electrons 
as the blades on a fan. When the fan is turned off, we can see the individual blades (electrons). 
However, when the fan is on and the blades are spinning around the center point, we can only 
see a path pattern where the blades (electrons) are spinning. The only way to see the individual 
blades when they are spinning is to blink very quickly.

  The Parts of the Atom (cont.)

The Parts of the Atom

   Hydrogen                 Helium

               Lithium                Beryllium



Name:  Date:  
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To the student observer: What are the parts of the atom? 

Analyze: Why do scientists use models of the atom when we know that they are not completely 
accurate?

Directions: Answer the following questions about the atom.

  1.  The atom can be divided into  basic parts.

  2.  The three particles of the atom are the , , 

and .

  3.  The protons and neutrons are located in the .

  4.  The electrons are found in the .

  5.  The electrons spin around or  the nucleus.

  6.  The nucleus contains which atomic particles?  and

  .

  7.  The electron cloud contains which atomic particles? 

What are the charges of the particles?

  8.  protons    9.  neutrons  10.  electrons 

Look at the two-dimensional model of the atom. How 

many of each of the following do you find?

11.  protons 

12.  neutrons 

13.  electrons 

14.  What is the weight of the nucleus of this atom? 

15.  An atom is very, very small. If you were to look at 

one atom through a microscope, what would take 

up most of the viewing area? 
 

The Parts of the Atom: Reinforcement Activity

  The Parts of the Atom: Reinforcement 
  Activity
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Name:  Date:  

 Choose an atom with 20 protons or less. But where do you go to look for the number of 
protons? Well ... let’s get a sneak preview of the Periodic Table of the Elements. There is usually 
a sample element box to explain how to gather information about a certain element (many of 
the same atom). Here is an example:

 
         
 And now you may want a little help in understanding some of the new terms like atomic 
number. This number represents the number of protons in the carbon atom. The electron 
distribution tells how many electrons are found in each energy level. (Did you notice that the 
number of protons and electrons is exactly the same?) However, it doesn’t tell us the number of 
neutrons, and those are the three particles we need to show on our 3-D model. The trick here 
is to look at the mass number. This represents the total number of protons and neutrons found 
in the nucleus. So to find the neutrons, simply do the math:

atomic mass (protons + neutrons) - atomic number (protons) = number of neutrons

 

    

Creating a Three-Dimensional Model of the Atom

       Creating a Three-Dimensional Model 
  of the Atom

Atomic
Number

Electron
Distribution 

 6                   2   
                      4
 C
      Carbon

  Atomic Mass
 12  

 Now that you know how to find an 
atom with 20 protons or less, pick the atom 
that you will use to make a 3-D model. But 
what exactly will the project look like when it 
is completed? It might end up looking like a 
mobile that we used to make in grade school 
with clothes hanger circles representing en-
ergy levels and the nucleus dangling in the 
center. It may end up being a poster board 
with marshmallows piled up in the center 
representing the protons and neutrons (dif-
ferent colors, of course) and raisins stuck on 
the ends of toothpicks that extend outward 
from the nucleus. The first two toothpicks 
representing the first energy level will be the 
shortest, with the second energy level longer, 
the third energy level even longer, and so 



Name:  Date:  
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 Do a little thinking and planning. Ask some people what they are doing and go from there. 
Remember the famous scientist we already learned about and how he built upon the ideas 
of other scientists? By following the example of these scientists, you can create a model that 
demonstrates your understanding of the concept and your unique creativity. Have fun!

Creating a Three-Dimensional Model of the Atom

Here is the grading rubric for the model project; take a look.

       Creating a Three-Dimensional Model 
  of the Atom (cont.)

  Components      2 points     1 point      0 points 
 Protons Number is correct — Incorrect number 
 Neutrons Number is correct — Incorrect number 
 Electrons Number is correct — Incorrect number 
 Nucleus 

 Electron Cloud  

    
 Overall Appearance

    
 Extra Special 
 Features/Details
    

Missing/incorrect   
particles or location  

Missing/incorrect   
particles or location  

1 part missing/incorrect   
 

•  Correct particle found 
here 

•  Correct location within 
atom 

•  Correct particle found 
here 

•  Correct location within 
atom 

•  Easy to locate p+, n, e- 
•  Easy to find nucleus 
•  Easy to find electron cloud
•  Neat        
•  Organized

Be creative and be rewarded!




