
 

 





READING MATERIAL

Read About Atoms & Molecules

WHAT IS ATOMIC STRUCTURE?
All atoms are made of three smaller particles called protons, neutrons and electrons. The 
electrons and protons clump together at the center of an atom and the electrons orbit far 
away. Atoms can be combined to form molecules through chemical reactions.

To better understand atomic structure…

LET’S BREAK IT DOWN!

Atomic Structure
The center of the atom, often referred to 
as the nucleus, is made up of protons 
and neutrons. The protons are positively 
charged, while the neutrons don’t have 
a charge. Orbiting around the outside of 
the atom at a tremendous speed and 
distance are electrons. Electrons are the 
smallest of the three subatomic 
particles and have a negative charge. 
Empty space is found between the atomic nucleus and electrons.
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Microscopic Atoms
Atoms are extremely small. Atoms are 
more than 10,000 times smaller than the 
width of a hair. Even a classroom 
microscope would not be able to see 
anything close to the size of an atom. A 
specialized microscope called a 
Scanning Tunneling Microscope 
developed in the 1980s can show us 
individual atoms. If you were to look at 
some iron filings with a Scanning Tunneling Microscope, you would be able to see tiny spheres of 
iron atoms.

Identifying Atoms
Each element has a certain number of 
protons, neutrons and electrons. We can 
find this information by referencing the 
Periodic Table of Elements. For example, 
element number 6 on the table is 
carbon, which is notated by the letter C. 
The periodic table also shows us that 
carbon’s atomic number is 6. The 
atomic number tells us how many 
protons and electrons are present in the element. From this information we know that carbon has 6 
protons and 6 electrons.
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Elements and Molecules
Elements can be combined to make 
molecules. Water for example is H2O. 
This means that 2 hydrogen atoms are 
bonded to one oxygen atom. There are 
endless combinations of atoms that 
make up all of matter. Some are simple 
like water, while others are much more 
complicated such as hemoglobin. A 
sucrose molecule, what you know as 
table sugar, is made up of 12 atoms of carbon, 22 atoms of hydrogen, and 11 atoms of oxygen. 
Sucrose can be written in a shorthand notation like this: C12H22O11.

Careers in Chemistry
The main field of science that studies 
atoms and molecules is called 
chemistry. Chemists use their 
knowledge of atoms to create 
molecules that can be used as 
medicines. In order to make molecules, 
they need to know which ones react 
together and which order to react them 
in. Other types of scientists like 
biochemists study huge molecules made by nature such as proteins and DNA. The production of 
insulin molecules to treat diabetes was made possible by the work of biochemists.

ATOMS & MOLECULES VOCABULARY

Matter Anything that has mass and takes up space.
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Atom The basic unit of an element. All matter is made up of atoms.

Proton A positively charged subatomic particle located at the center of an atom.

Neutron A subatomic particle with no charge located at the center of an atom.

Electron
A subatomic particle of an atom that is negatively charged and orbits the nucleus 

extremely fast.

Nucleus
Protons and neutrons clump together at the center of an atom to form the nucleus of an 

atom.

ATOMS & MOLECULES DISCUSSION QUESTIONS

What would you see if you looked at iron filings with a Scanning Tunneling 
Microscope?
Since the Scanning Tunneling Microscope is so powerful, you would see tiny spheres which are iron 
atoms (the smallest possible unit of iron).

Describe the different particles that make up an atom.
An atom is made up of 3 particles; protons, neutrons and electrons. Protons are positively charged 
and are positioned in the center of an atom. Neutrons are not charged and are also located in the 
center of an atom. Electrons orbit the center very quickly and are negatively charged.

What are some examples of elements? How do you know they are elements?
Some examples of elements are gold, iron, copper and carbon. Anything on the periodic table is an 
element. All elements are pure substance made up of only one type of atom.
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How can you use the Periodic Table of Elements to help you find information 
about specific elements?
The Periodic Table of Elements shows the names and abbreviations for each element. It also tells 
you how many protons, neutrons and electrons each atom has. The atomic number of each 
element corresponds with how many protons and electrons an element has. We cover more details 
about the periodic table in our lesson called “The Periodic Table.”

How did scientists conclude that most of an atom is empty space?
In 1908, Ernest Rutherford did an experiment where he shot beams of radiation through gold foil 
which is made up of gold atoms. Most of the radiation went right through the gold foil, while only a 
tiny fraction of the beams bounced back. This supports the atomic model with most of the mass at 
the center with electrons orbiting far away from it.

What are some different careers available for people that want to study atoms 
and molecules?
Scientists in the medical field use molecules on a regular basis to develop new medicines to help 
fight diseases. Specifically, biomedical scientists may be able to replicate naturally occurring 
molecules to help people with deficiencies.
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READING MATERIAL

Read About Chemical and Physical Changes

DEFINITIONS OF PHYSICAL AND CHEMICAL CHANGES
In a chemical change, a new substance is made, like when you burn a candle. In a physical
change, no new substance is made, like when water turns to ice.

To better understand the difference between chemical vs. physical changes….

LET’S BREAK IT DOWN!

Chemical changes make new substances
Anytime a new substance is made, a 
chemical change takes place. Usually 
two or more materials are combined 
and a new substance is formed. A 
chemical change can produce amazing 
explosions, like fireworks. Some chemical 
changes are a little more difficult to 
spot, like when a nail rusts.

If you notice bubbles being formed, or a change in color or temperature, there is a good chance a 
chemical change has taken place, but not always. Scientists can determine if a chemical change 
has occurred by asking this question: Was the substance formed present before? If the answer is 
no, then it is a chemical change.

Since chemical changes make new substances, most of them cannot easily be undone. For 
example, when you burn wood, you can't really turn the gases back into a log very easily.
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Physical changes do not make a new substance.
Physical changes come in many forms. 
It can be a change in the shape or 
appearance of an object, like crumpling 
a piece of paper, or cutting, bending, or 
dissolving something.

Since objects do not become a different 
substance during a physical change, it 
is usually easy to reverse the change. 
For example, if you dissolve sugar in water you can easily reverse the change by evaporating the 
water from the solution. When all the water evaporates, sugar crystals will be left behind.

Physical changes also happen when matter changes 
states.
There are three common states of 
matter: solid, liquid, and gas. When a 
substance changes states (from a liquid 
to a gas, for example), it is undergoing a 
physical change.

In the video, when the gallium spoon 
melted in hot water, the gallium did not 
become a different metal. Melting is an 
example of a phase change, where a solid is changed to a liquid. Freezing and boiling are also 
physical changes.
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Chemical and physical changes are all around us.
Chemical and physical changes take 
place around you all the time. When you 
make cereal for breakfast, combining 
the milk and cereal is a physical change. 
When you eat the cereal, a chemical 
change happens during digestion.

Sometimes, it can be difficult to tell if a 
chemical or physical change is taking 
place. In the video, Dr. Jeff and the team explore a few different reactions to determine if they are 
chemical or physical changes, by figuring out if the material made after the reaction was present 
before the reaction.
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EXAMPLES OF PHYSICAL AND CHEMICAL CHANGES

Chopping a banana. Since 
cutting a banana only 
changes its appearance, a 
new substance is NOT 
formed. That makes this an 
example of a physical 
change.

Burning a gummy bear.  In 
the video, when the gummy 
candy was placed into a 
test tube with the oxidizer, 
the gummy candy burned 
up and created new 
chemicals. Since new 
chemicals were formed, it is 
an example of a chemical 
change.

Coke and Mentos.  Mixing 
Coke and Mentos looks like 
a chemical change, but 
since the gas released is 
carbon dioxide AND it was 
present before the foaming 
happened, it is actually a 
physical change.

VOCABULARY FOR PHYSICAL AND CHEMICAL CHANGES

Catalyst A substance that speeds up a chemical reaction.

Chemical Change
A type of change in which a new substance is formed. For example: burning 

something.

Physical Change A type of change in which a new substance is NOT formed. For example: water boiling.

Oxidizer A chemical that provides a lot of oxygen to help things burn.

Carbon Dioxide
A gas without any color or smell that is commonly found in soda. It is also called CO2 

and comes out the back of a car or bus that is running.
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Hydrogen
A gas less dense than air that has no color or smell. It is extremely flammable 

meaning it can burn.

DISCUSSION QUESTIONS FOR PHYSICAL VS. CHEMICAL CHANGES

What happens when Zoe stirs the very hot water with the spoon made from 
Gallium metal? What kind of change happens?
When Zoe stirs the hot water with the Gallium spoon, the metal melts. This is an example of a 
physical change because the Gallium changed forms, but it didn’t change into a new substance (it 
is still Gallium).

What kind of change happens when Dr. Jeff puts the gummy candy into a tube 
containing oxidizer? Why?
When Dr. Jeff drops the gummy candy into the tube containing oxidizer, the gummy candy bursts 
into flames producing smoke and carbon (new substances). Therefore, this is a chemical change.

What method did the team use to test what type of gas was produced in the 
reaction between the Mentos and soda?
Dr. Jeff, Izzy and Zoe used a balloon to collect some of the gas produced when soda and Mentos 
were combined. They then tested this gas to determine its properties. They concluded that it was 
carbon dioxide by observing that it extinguished candles.

When Zoe pours the carbon dioxide gas onto the candles, why do they go out 
one by one?
Carbon dioxide gas is heavier than air. This is why it stays inside the pitcher. When Zoe pours it at the 
top of the steps, it flows down the steps because it is heavier than the air that was there. When the 
carbon dioxide displaces the air, the candle doesn't have enough oxygen, so it goes out. This 
process happens to each candle as the carbon dioxide sinks lower and lower.
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What evidence did the team find that the reaction between the Mentos and 
soda was a physical change?
It was unclear at first whether the reaction that caused the soda to fizz uncontrollably was a 
chemical or physical change. The team investigated and determined that the gas produced was 
carbon dioxide, which is the same gas already used to make the soda fizzy. That means it is not a 
new substance, making this a physical change.

What is a flame test and what can we learn from it?
A flame test is a way to tell different types of gases apart. Scientists know how different types of gas 
will react when exposed to a flame. For example, oxygen would make the match glow brighter, 
carbon dioxide would make it go out, and hydrogen can burn so it makes a POP sound when next to 
a flame. These are the most common gases tested in a flame test but there are others as well.
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READING MATERIAL

Read About Light Reflection

DEFINITION OF LIGHT
We can see because of light. Most light comes from the sun, light bulbs, and lasers. Light is a 
form of energy that moves in straight lines. It also reflects off things, and that reflected light 
enters our eyes, allowing us to see.

To better understand how light works….

LET’S BREAK IT DOWN!

There are many sources of light.
Sources of light can be divided into two 
groups: natural and made by humans. 
The sun is the most important natural 
source of light. The sun allows us to see 
during the day. Stars and lava from 
volcanoes also produce their own light. 
Some animals can produce their own 
light, such as fireflies and some glowing 
jellyfish.

Humans have created other sources of light. Light bulbs help us see in dark areas. Before light bulbs 
were invented, people used candles to provide light.

Laser beams are another source of light. Some high-powered laser beams can cause chemicals to 
explode!
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Light travels in straight lines and reflects off things.
Light travels in a straight line from its 
source. It will keep moving in a straight 
line until it hits something.

If you have ever worn a hat on a sunny 
day, you have tested this idea. The brim 
of the hat blocks the sun from hitting our 
eyes.

Light reflects off objects and allows us to 
see. Some objects reflect light very well, like mirrors and white papers. Other objects, like brown 
construction paper, do not reflect as much light.

Water is also good at reflecting light off its surface. If you have ever been near a pool on a sunny 
day, your eyes may have hurt from too much light reflected from the water. Hats help block 
sunlight, but not the light that is reflected off the surface of water.

Light reflects off things and enters our eyes.
We see objects because they either give 
off their own light, or light reflects off the 
objects and enters our eyes.

The moon is an interesting example. It 
doesn’t make its own light - we can see 
the moon because it reflects light from 
the sun.

<em>If an object did not reflect any light, 
we would not be able to see it.</em>
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Our eyes do not produce light, they detect it.
Our eyes are amazing and allow us to 
detect light, focus on images, and see 
what is around us. The lens of the eye 
helps make images easier to see by 
focusing light. There are many other 
parts of the eye that work together to 
help you see. Some parts allow you to 
see color, and other parts detect the 
shapes of objects.

After the eye collects information about what you are seeing, it quickly sends the information to the 
brain. Believe it or not, the images that our eyes send to the brain are upside-down! Our brain flips it. 
The brain also tries to make sense of what we are seeing.
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LIGHT REFLECTION AND VISION EXAMPLES

Convex mirrors allow us to 
see a wider view. This can 
help drivers see oncoming 
cars and drive more safely.

CDs, DVDs, and Blu-ray 
Discs use the science of 
reflection. Inside a blu-ray 
player is a laser which 
reflects light off the disk. 
This allows the blu-ray 
player to read the 
information on the disk.

Fiber optic cables transmit 
signals very quickly. They 
are frequently used to 
transmit information over 
the internet.

LIGHT REFLECTION AND VISION VOCABULARY

Light
Light comes from things like the sun, light bulbs and candles. It bounces off of things 

and allows us to see.

Light Reflection When light bounces off the surface of an object.

Light Source The place from which light originates.

Reflecting Surface Surface from which the light bounces off.

Camera Obscura
A darkened box used to project an image of an external object onto a screen inside. 

It works in the same way as our eyes.
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Lens
A curved piece of glass or plastic that concentrates light rays. They are used in 

magnifying glasses and telescopes.

LIGHT REFLECTION AND VISION DISCUSSION QUESTIONS

What is a laser?
A laser is a very narrow and concentrated beam of light.

Why does fog help us see laser beams?
Fog is made up of tiny particles that the laser light reflects off of. That reflected light is detected by 
our eyes.

What does the camera obscura model?
The camera obscura models a human eye.

Why is the image the camera obscura produces upside down?
This happens because light always travels in a straight line. BERT appears upside down because if 
you trace the path of light of his feet through the camera obscura, the feet end up on top. If you 
trace the straight path of light reflected off his head, it ends up at the bottom of the camera 
obscura. The same thing happens in our eyes!

If the image produced by the camera obscura is not in focus, what can be done 
to focus it?
Another lens can help focus the image, just like glasses that help people read.

Are other materials, besides a mirror, reflective? How do you know?
Yes, any object you can see must reflect light. If it did not reflect light you wouldn't be able to see it.
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READING MATERIAL

Read About the Particle Nature of Matter

PARTICLES OF MATTER DEFINITION
Matter is anything that has weight and takes up space. A particle is the smallest possible 
unit of matter. Understanding that matter is made of tiny particles too small to be seen can 
help us understand the behavior and properties of matter.

To better understand how the 3 states of matter work….

LET’S BREAK IT DOWN!

All matter is made of particles that are too small to be seen.
Everything you can see and touch is 
made of matter. It is all the “stuff” in the 
universe.

Things that are not made of matter 
include energy, and ideas like peace 
and love.

Matter is made up of small particles that 
are too small to be seen, even with a 
powerful microscope. They are so small that you would have to put about 100,000 particles in a line 
to equal the width of a human hair!
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The arrangement of particles determines the state of 
matter.
Particles are arranged and move 
differently in each state of matter. Solids 
contain particles that are tightly packed, 
with very little space between particles. 
If an object can hold its own shape and 
is difficult to compress, it is a solid.

Liquids contain particles that are more 
loosely packed than solids, but still 
closely packed compared to gases. Particles in liquids are able to slide past each other, or flow, to 
take the shape of their container.

Particles are even more spread apart in gases. Gases will fill any container, but if they are not in a 
container, they will escape into the air. A lot of space exists between the particles in a gas, allowing 
gases to be compressed (pushed together) much more easily than solids and liquids.

Matter can change states.
Matter can change from one state to 
another. When solids change to liquids, 
the arrangement of the particles 
changes to become more loosely 
packed.

When liquids change to gases the 
particles become even more loosely 
packed.

It takes energy for matter to change from one state to another. To change liquid water to a gas, 
heat energy must be added. The opposite is also true. To change liquid water into a solid block of 
ice, energy must be removed.
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The particle model explains the behavior of matter.
The particle model of matter states that 
all matter is made up of tiny, moving 
particles with spaces between them.

A neat science experiment can show us 
this: If we combine 50 mL of water and 
50 mL of isopropyl alcohol, you would 
expect the total volume would be 100 
mL. In fact, the actual volume is 97 mL. It 
would seem that some of the liquid vanished. However, when the water and alcohol are mixed 
together, some of the particles of alcohol fit in between the particles of water.

An easier way to visualize this is to picture a beaker of ping-pong balls. If you pour tiny beads into 
the beaker with the ping-pong balls, the beads will fill in the spaces between the ping-pong balls.
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EXAMPLES OF PARTICLES OF MATTER

When you inflate a soccer 
ball, it gets harder because 
of particles. Air particles are 
being compressed into the 
container and pushing on 
the inner walls of the ball. If 
the ball is placed in the 
freezer, the ball will deflate 
a little bit because the 
particles get closer 
together in the cooler 
temperatures.

Gas particles expand to fill 
their container. When air is 
removed from the vacuum 
chamber, the gases in the 
balloon will expand to fill 
the container.  

Liquid nitrogen is cold 
enough to convert carbon 
dioxide gas particles to a 
solid. As the particles of 
carbon dioxide gas get 
colder, the space between 
the particles shrinks and the 
gas changes to a solid.

PARTICLES OF MATTER VOCABULARY

Matter Anything that has weight and takes up space.

Particle The smallest possible unit of matter.

Volume The space occupied by a solid, liquid or gas.

Milliliters
A scientific measurement of volume, usually for liquids. A cup of water is 237 milliliters. 

Milliliters is usually abbreviated mL.
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Graduated Cylinder A scientific tool that is used to accurately measure out liquids.

Particle Model of 
Matter

The idea that all matter consists of many particles that are 100,000 times smaller 
than the width of a human hair. Knowing this allows us to explain a lot of interesting 

things in science.

PARTICLES OF MATTER DISCUSSION QUESTIONS

Why would a soccer ball that has been left out in the cold go flat?
A soccer ball that is filled with air can go flat when air particles in it take up less space. This can 
happen if you inflate the ball indoors but then play outside in cold weather.

What is the smallest possible unit of a type of matter called and about how big is 
it?
The smallest possible unit of matter is called a particle. Particles of matter are 100,000 times smaller 
than the width of a human hair. They cannot be seen, but we can detect them.

Why did 500 mL of water combined with 500 mL of alcohol add up to only 970 mL 
of total liquid? Use the particle model of matter to explain.
The liquid volume decreased because the water particles can fit into the spaces between the larger 
alcohol particles. This makes them take up less space (volume). To model this difficult concept, Dr. 
Jeff uses ping pong balls to represent large molecules and red beads to represent smaller particles 
that can fill the space between the ping pong balls.

What happens when Izzy and Zoe place the balloons filled with carbon dioxide 
into the bowl of liquid nitrogen?
Liquid nitrogen is extremely cold. When the carbon dioxide gas inside the balloon gets very cold it 
contracts, meaning the particles get closer together. In this case they got so close together it 
formed a solid.
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What evidence for the particle model of matter does Dr. Jeff show during the 
liquid nitrogen demonstration?
When Dr. Jeff cuts open the balloon that Izzy placed in the liquid nitrogen, solid carbon dioxide falls 
out. The presence of solid carbon dioxide is evidence that the carbon dioxide gas is made up of 
particles. The solid carbon dioxide had to come from somewhere. (It is important to note that 
carbon dioxide is a unique material that can change directly from a solid to a gas without 
becoming a liquid first.)

Compare what happens to Zoe’s soccer ball, which is left outside, to what you 
observed during the liquid nitrogen demonstration.
During the demonstration, carbon dioxide gas was cooled, causing the particles of carbon dioxide 
gas to come together and form solid carbon dioxide. This causes the balloon to deflate. Zoe’s soccer 
ball was filled with air, which is also a gas. By leaving it outside, the cold air caused the air particles in 
the ball to move closer together. It didn’t come together enough to form a solid, but it did make the 
ball deflate a little.
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