
Chapter 1 

THE SMALL STUFF:  

ATOMS & 
MOLECULES

A star. The air. A bee. Clouds. Hot lava. Bicycles. Icebergs. You. All 
these things have different shapes, colors, temperatures, textures, and 
densities. In other ways, though, they’re all the same. They are all made 
of matter and they are all made up of relatively few kinds of particles. 

It’s the arrangement of those particles that makes all the difference in the 
world. It even makes all the difference in the universe. How those particles 

are arranged means the difference between a 
human, an insect, a raindrop, and fog. Let’s take a 
closer look at these particles.

ESSENTIAL QUESTION

What makes one substance 
different from another?
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ATOMS EVERYWHERE

Atoms are the basic building blocks of 
everything. They are so tiny that you can’t see 
them, even with most microscopes. Every atom is 
composed of protons, neutrons, and electrons. 

The protons have a positive electrical 
charge. They are balanced by electrons, which 
have a negative charge, and neutrons, which 
don’t have a charge at all—they are neutral. 
The protons and neutrons clump together in the 
nucleus, or center, of the atom, and the electrons 
spin around the nucleus. 

Scientists used to think that electrons travel 
around the nucleus in definite circular patterns. 
Now, we know that electrons don’t follow a 
perfect circle around the nucleus but are more 
likely to be found in certain areas, called 
orbitals. If you could take a picture of all the 
places that electrons go, it would look a bit like 
a swarm of bees (electrons) around a beehive (the 
nucleus). You wouldn’t be able to predict where an 

individual bee would go, 
but you’d know it would 
stay close to the beehive.

Most of an atom is 
empty space though. If 
the outer orbit of an electron for hydrogen were 
two miles wide, which is the size of a small city, 
then the proton in the nucleus would be the size 
of a golf ball. Everything else is empty space.

WORDS TO KNOW

density: the amount of matter in 
a given space, or mass divided by 
volume. 

proton: a particle of an atom that 
has a positive electrical charge 
and is found in the nucleus of all 
atoms.

neutron: a particle of an atom 
that has no electrical charge and 
is found in the nucleus of atoms.

electron: a particle of an atom 
that has a negative electrical 
charge and is found in all atoms.

electrical charge: a fundamental 
property of matter. Protons have 
a positive charge, electrons have 
a negative charge, and neutrons 
have no charge.

nucleus: the central part of an 
atom, made up of protons and 
neutrons.

orbitals: regions of space outside 
an atom’s nucleus where electrons 
can be found.

Although we can’t see 
an atom with our eyes—
it’s too small—David 
Nadlinger took a photo 
of light emitted by a single atom. 
Check it out here! 

 National Post strontium atom

DENSITY is a 
property of matter. It 
is how tightly packed  
or spread apart  
MOLECULES  
are in matter.
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The nucleus is held together very tightly—so 
tightly that it takes a nuclear reaction to split 
one. But the electrons aren’t held as tightly, so 
it’s easier to add an electron to an atom or take 
away an electron from an atom. And those 
electrons don’t always like to stay in one place. 
They often move around from one nucleus to 
another. It is this movement of electrons that 
allows atoms to bond together to make all the 
different substances in and around you. And 
that’s what chemistry is all about.

ELEMENTS

We call a substance that is made up of just one type of atom an element. 
Pure gold is an element because it contains only gold atoms. Oxygen is 
an element because it only has oxygen atoms. Ninety-four different kinds 
of atoms, or elements, occur naturally. Scientists have managed to create 
another 24 elements in science labs. All matter, from the smallest speck to 
the largest star, is made of these elements. 

What makes the elements different from each other? It’s the number of 
protons in the nucleus of an atom, called the atomic number. A hydrogen 
atom always has one proton. An oxygen atom always has eight protons. And 
a gold atom always has 79 protons. 

Is there a water atom? No! Most things 
aren’t pure elements—instead, they are made of 
molecules. Molecules are simply two or more 
atoms bonded together. The atoms can be the 
same kind of atom, but more often are different 
types. A water molecule is made up of two 
hydrogen atoms and one oxygen atom.  

WORDS TO KNOW

nuclear reaction: when atoms fuse 
together or split apart. This releases 
a large amount of energy.

element: a substance whose atoms 
are all the same. Examples of 
elements include gold, oxygen, and 
carbon.

atomic number: the number of 
protons found in the nucleus of 
every atom in an element.

bond: a force that holds together 
the atoms or groups of atoms in a 
molecule or crystal.

force: a push or a pull.

vibrate: to move back and forth 
very quickly.

The number of 
MOLECULES  

you breathe in with 
only one breath  

of air is more  
than the number of 

 GRAINS OF SAND  
on the entire earth.

10

KITCHEN CHEMISTRY



Th  bond that holds molecules together isn’t a fixed thing, like a stick 
or string, even though we draw it that way sometimes. A bond is a force. 
Atoms can still wiggle, or vibrate, when they’re bonded. 

Different kinds of bonds are possible, 
but all bonds have atoms sharing or trading 
their electrons. Molecules can be as simple 
as two atoms bonded together. They can 
also be very complex, with thousands or 
even millions of atoms bonded together. 
These bonds make it possible for us to 
have millions of different kinds of natural 
substances, not just 94.

Take a look at 
some 3-D models 
of different types 
of molecules at this 
website! 

 3Dchem

The element gold and its symbol, AU, showing 79 electrons circling the nucleus
credit: James St. John (CC BY 2.0)
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IONS

Each atom has an equal number of electrons 
and protons, so the negative charge of the 
electrons and the positive charge of the protons 
balance each other out. As a result, atoms have 
a neutral charge. For example, gold has 79 
protons and 79 electrons. Neon has 10 protons 
and 10 electrons. 

Some elements tend to gain or lose one or more electrons, but the element 
still stays the same. Hydrogen is one of the elements that tends to lose its 
electron. It’s still hydrogen, but without its electron it has a positive charge. 
When an atom has lost or gained an electron and has a positive or negative 
charge, we call it an ion.

WORDS TO KNOW

ion: an atom that has an unequal 
number of protons and electrons. 
An ion has a positive charge if it 
has lost an electron and it has a 
negative charge if it has gained an 
electron.

chemical formula: a 
representation of a substance or of 
a chemical reaction using symbols 
for its elements.

Vintage Phones
How would you like to use a cell phone that keeps a charge for only 35 
minutes, weighs 2 pounds (that’s about six times as heavy as cell phones 
today), and is the size of a large brick? That was the first cell phone, 
in 1973. Its nickname was “The Brick!” Cell phones have undergone 
all kinds of developments since 1973, but without the humble lithium 
ion, they couldn’t be as small and light as they are now. Lithium is an 
element with three protons and three electrons. It can lose an electron 
to become a positive ion. That lithium ion (with a symbol of Li+) is the 
basis for lightweight, rechargeable batteries that hold their charge for 
hours. In lithium-ion batteries, the lithium ions travel from the positive 
to the negative end of a battery as you charge the battery, then in the 
opposite direction as you use the battery. Scientists are working on 
ways to extend the life of those batteries even more for computers, cell 
phones, and even cars by using lithium ions or other materials.
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CHEMICAL FORMULAS

If you had to write a math equation, you probably wouldn’t write, “Twenty-
eight plus fourteen equals forty-two.” It would take too long to write and it 
would be hard to read quickly. You would write, “28 + 14 = 42.” Chemistry 
is the same way. Chemists write chemical equations all the time, and it 
would take too long if they had to spell 
everything out. So, chemists use symbols 
in chemical formulas, just as we do in 
math. 

The symbol for each element is a letter 
or pair of letters. The chemical formula lists 
all the elements that form each molecule 
and uses a small number to the bottom 
right of an element’s symbol to stand for the number of atoms of that 
element. For example, the chemical formula for water is H2O. That tells us 
that a water molecule is made up of two hydrogen (“H” and “2”) atoms and 
one oxygen (“O”) atom. Carbon dioxide is CO2, meaning it has one carbon 
(“C”) atom and two oxygen (“O” and “2”) atoms.

A CHEMICAL 
FORMULA is the 
way we PRESENT 
INFORMATION 
about the contents 
of a molecule.
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Th  periodic table logically organizes all the 
known elements. Russian chemist Dmitri Mendeleev 
(1834–1907) came up with the periodic table of 
elements in 1869. He was even able to anticipate 
where on the chart new elements would go before 
they were actually discovered! He left gaps where the 
known elements didn’t seem to fit according to their 
properties. Compare Mendeleev’s periodic table with 
the modern periodic table on pages iv and v.

The periodic table is an ingredients list for a recipe to make everything 
in the universe! It arranges the elements in a way that shows many of their 
properties and relationships to each other. The horizontal rows are called 
periods and the vertical columns are called groups. The groups, numbered 
1 through 18 (on the page iv version), are listed at the top of each column. 
Some tables still include the Roman numerals I through VIII for the groups, 
as shown below—these were used for most of the twentieth century until 
they were replaced in 1990 by the numbers we use today. 

WORDS TO KNOW

periodic table: the chart 
that shows and organizes all 
the known elements.

quintillion: a number with a 
1 and with 18 zeroes after it. 

pressure: the force that 
pushes on an object.

This is Mendeleev’s periodic table from 1904. Compare it to the one on 
pages iv and v. What is different about them? What is similar?
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For each element, the table shows the atomic number, its name, and its 
symbol—which is used in chemical equations. The symbol is often the first 
letter or two of the element’s name, such as C for carbon or O for oxygen, 
but sometimes it comes from a Latin name, 
such as Fe for iron, from the Latin word 
ferrum for iron.

CARBON

Diamonds, when cut, are sparkly and 
beautiful. They are also the hardest 
substance known. Graphite, which is used 
in pencils, is dull and gray and so soft you 
can write with it. About as different as you 
can get, right?

Wrong. Diamonds and graphite are very much alike. They are both made 
of exactly the same element—carbon. And nothing else. In fact, in the 
laboratory, scientists can turn graphite into diamonds using high pressure.

How Small is a Molecule?
Molecules and atoms are so tiny that it’s hard to even imagine them. A 
single grain of sugar contains about 1,000,000,000,000,000,000—or a 
quintillion—molecules. How big is a quintillion? If each molecule was 
the size of a penny, then a grain of sugar would be as wide and long as 
a football field, with its pennies stacked almost 100,000 miles high. That 
would be almost halfway to the moon. Think about the size of the cavity 
that you’d get from that much sugar!

As they discover  
NEW ELEMENTS, 
scientists continue to  
add them to the 
PERIODIC TABLE.  
In 2016, four new 
elements were added: 
Nihonium (Nh),  
Moscovium (Mc), 
Tennessine (Ts), and 
Oganesson (Og).
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The reason diamonds and 
graphite have such different 
qualities is not because of 

what they’re made of but because of how the carbon is put 
together. If you could shrink to the size of an atom and 
walk around inside a diamond and a piece of graphite, they 
would look quite different. Each carbon atom in a diamond 
is joined to four others to make a tetrahedron, and all the 
bonds are strong. Triangles make very strong shapes. 

Buckyballs!
Another form of carbon was discovered by a group of scientists in 1985. 
Harry Kroto, Richard Smalley, and Robert Curl called their discovery 
buckminsterfullerene, or “buckyball.” It was named after architect Richard 
Buckminster Fuller (1895–1983) for the dome-shaped buildings he 
designed. In a buckyball, 60 atoms are bonded in patterns of hexagons 
and pentagons to make a shape like a soccer ball. Other similar carbon 
structures have 28, 70, or even more atoms. Buckytubes, or nanotubes, 
are hollow, tube-shaped structures also made completely from carbon.

WORDS TO KNOW

tetrahedron: a shape with four 
triangular faces.

hexagon: a six-sided shape. 

pentagon: a five-sided shape.

hemoglobin: a substance in red 
blood cells that combines with and 
carries oxygen around the body. 
Hemoglobin gives blood its red color.

polymer: a long-chained molecule 
made up of smaller molecules, called 
monomers, linked together.

genetic: traits that are passed from 
parent to child.

Graphite atom structure

Diamond atom structure
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Giant Molecule!
Just how complicated can carbon-based molecules be? Take a look at 
hemoglobin, which is what makes blood red. Hemoglobin is the part 
of blood that carries oxygen from our lungs to the rest of our body—
without it, we couldn’t live. The chemical formula for hemoglobin is 
C2954H516N780O806S12Fe4. That’s 2,954 atoms of carbon (C), 516 atoms of 
hydrogen (H), 780 atoms of nitrogen (N), 806 atoms of oxygen (O), 12 
atoms of sulfur (S), and 4 atoms of iron. All of that is in each hemoglobin 
molecule, and all those atoms are arranged in a very specific way. That’s 
one complex molecule!

In graphite, the carbon atoms bond in rings of six, or hexagons, which 
form sheets of carbon. The sheets look like a honeycomb and are very 
strong—as strong as diamonds—but the bonds between the sheets are very 
weak and break easily. When the weak bonds break, the sheets slide against 
each other and separate. When you write with your pencil, some of the 
graphite is breaking off to make a mark. As you write, 
you leave a trail of carbon behind on the paper.

POLYMERS

Carbon is the most important atom in living creatures. 
Without it, life—at least, life as we know it—could 
not exist. For life to exist, large, complex molecules, 
called polymers, are needed to store energy, pass 
on genetic information, and form tissue. No matter how it’s put together, 
carbon is a strange and wonderful substance.

CARBON  
can form 
POLYMERS, 
which are huge, 
complicated 
molecules of 
almost ENDLESS 
CHAINS. 
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Not everything can form polymers. Water, for 
example, can’t link to itself in long chains. Carbon 
has many special characteristics, such as the ability 
to form more than one bond per atom. As a result, 
carbon can form long chains of polymers—like 
a very long chain of paper clips. Some polymers 
are natural, such as your hair. Many others, 
including plastic milk cartons, are synthetic, or 
manufactured.

If it weren’t for polymers, you wouldn’t be you! 
Who you are is determined in part by deoxyribonucleic acid (DNA), 
better known as DNA. These are the big molecules in your body that contain 
coding for all sorts of things, from the color of your hair to whether you are 
left-handed or right-handed. DNA, along with all proteins, is a polymer.

Now that you have a good grasp of the 
building blocks of chemistry, let’s shake 
things up a bit. Let’s look at what happens 
when you mix substances together!

Great Inventions
Kevlar is a polymer. It’s a special kind of fiber used to make body armor 
and sports equipment that is five times stronger than steel. Kevlar was 
first created in 1965 by Stephanie Kwolek (1923–2014). When Kwolek was 
a young girl, she thought she might want to be a fashion designer. But 
her love of science led her to chemistry. She worked at a company called 
DuPont, researching high-performance fibers. In a way, she still ended up 
designing clothing, because one of the most important uses of Kevlar is 
in bulletproof vests. Bulletproof vests are even worn by police dogs. And 
Kwolek’s invention opened up the whole new field of polymer chemistry. 
About her work as a chemist, Kwolek said, “You have to be prepared in 
chemistry. You have to have a certain background. You have to be inquisitive 
about things. You have to have an open mind.”

WORDS TO KNOW

synthetic: something made 
of artificial materials, using a 
chemical reaction.

deoxyribonucleic acid (DNA): 
the molecule in all living things 
that carries genetic information.

protein: a group of large 
molecules. Proteins are an 
essential part of all living things.

fiber: a thin thread.

ESSENTIAL QUESTION

What makes one substance 
different from another?
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POP A BALLOON   

WITH NO HANDS!
Try this “trick” where you pop a balloon without touching it. 

 › Blow up one of the water balloons and tie it off. Gently rub a few drops of water on 
the balloon. Does anything happen? Record what happens in your journal.

 › Peel an orange. Do you smell anything while 
you’re peeling?

 › Hold the shiny part of the orange peel 
toward the balloon, and twist the peel to squeeze 
some of the juices onto the balloon. Record what 
happens to it in your journal.

WHAT’S HAPPENING? 
The juice from the orange peel dissolved the balloon just enough for the air pressure in the 
balloon to make the balloon . . . pop!  
 
Why does orange peel juice dissolve the balloon when water doesn’t? Water balloons are 
made of rubber, which is a polymer made of hydrogen and carbon. Orange peel juice has 
a chemical in it called limonene. Like rubber, limonene molecules are made of hydrogen 
and carbon atoms, but arranged differently. Chemists have a saying that “like dissolves like.” 
That means that a chemical can more easily dissolve another substance when they’re similar. 
Limonene is similar to rubber, but water isn’t.

Think About It

Try using other foods from your kitchen, such as cooking oil, dish soap, vinegar, or 
lemon or lime peels. Record what happens. Which substances do you think have 
chemicals in them that are similar to rubber?

TOOLBOX
 ° water balloons
 ° water
 ° orange

When you SMELL 
something, molecules 
from the substance travel 
through the air and land 
inside your nostrils. When 
you smell oranges, you’re 
breathing in LIMONENE 
MOLECULES!



MAKE 

MERINGUES
Meringue is that white, fluffy-looking stuff you see 
on the tops of some pies, such as lemon meringue 
pie—yum! Meringue is not only delicious, but 
it’s also a fascinating polymer. This recipe for meringue cookies works best if you 
make the cookies on a cool, dry day. In hot, humid weather, meringue doesn’t dry 
properly.

Caution: This activity involves using an electric mixer and an oven,  
so ask an adult to help.

 › Take the eggs out of the refrigerator and let them sit on the counter for about 
an hour or two until they come to room temperature. Preheat the oven to 250 degrees 
Fahrenheit (121 degrees Celsius) and put 
the oven rack in the middle of the oven. 
Line a cookie sheet with wax paper. 

 › Hold an egg lightly with one 
hand, and with the other hand, 
crack the eggshell firmly with a 
table (blunt) knife. Pull the egg 
apart over a small metal or glass bowl, 
without letting the yolk break or fall into 
the bowl. Pour the yolk back and forth 
between the eggshell halves and let the 
egg white fall into the bowl. When all 
the white is in the bowl, put the yolk 
into another small bowl. You can save 
the yolks for another cooking project or 
throw them away. Now, pour the white 
from the small bowl into a larger glass 
or metal bowl, so that if you break a 
yolk in another egg, you won’t ruin the 
whole batch. 

TOOLBOX
 ° 6 eggs
 ° cookie sheet and wax paper
 ° bowls
 ° ¼ teaspoon cream of tartar 
or white vinegar

 ° ½ cup sugar 
 ° ¼ teaspoon vanilla extract
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 › Repeat step 2 with all the eggs. Don’t let any yolk get into the egg whites. When the 
egg whites are all in the large bowl, add the cream of tartar or white vinegar. Beat the mixture 
with an electric mixer on high until the egg whites get foamy and form soft peaks that gently 
flop over when you remove the beaters.

 › Gradually add the sugar and vanilla extract and keep beating just until the meringue is 
shiny, smooth, and stands up in a peak about 2 inches high.

 › Drop big blobs of the meringue onto the wax paper on the cookie sheet and bake 
for 1 hour 30 minutes. The meringues should look dry, stiff, and very light brown. Turn off 
the oven and let the meringue cookies cool 
completely in the oven before you take them 
out—at least 1 hour. 

 › Clean up carefully! You don’t get to lick 
the bowl in this recipe because raw eggs can 
make you sick. For the same reason, make sure 
you use paper towels to wipe up any spilled raw 
egg, then throw them in the trash.

WHAT’S HAPPENING?  
Egg whites are mostly water—about 88 
percent. The rest is almost all protein, which is 
a polymer. The protein molecules are tightly 
wound, a bit like a slinky toy. When you whip 
the egg whites, the proteins unfold and stretch, 
forming a network of bubbles. Cream of tartar 
and vinegar are acids that help the egg whites 
unwind. As you whip the egg whites even 
more, the proteins begin to overlap, forming a long, stretchy surface. Eventually, the structure 
becomes more rigid. This is what makes the egg whites form stiff peaks. The heat from the 
oven “sets” the egg whites—the proteins unite and the structure becomes even more rigid.

Try This!

Try the recipe different ways. 
What happens if you use 
eggs that are right out of the 
refrigerator and still cold? 
What if you add lots and lots 
of sugar? What if you leave 
out the cream of tartar (or 
vinegar)? Remember, make 
one change at a time so you 
know which change made 
the difference and record 
your findings in your science 
journal.

WORDS TO KNOW

acid: a substance that donates 
a hydrogen ion (H+) to another 
substance. Examples include vinegar and 
lemon juice.




