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 Two Ways to Change
. . . . . . . . . . . . . . . . . . . . . . .

4

	 Everything is matter. It’s made of something and 
takes up space. Matter changes in two ways: physical 
changes and chemical changes. Let’s look at the 
differences!
	 Physical changes create different states, or forms, of 
the same matter. Water is still water if it changes from 
a liquid state into ice, a solid state. 

	
	
	
	
	
	
	
	
	
	
	

	 Chemical changes create entirely new substances. 
After the chemical change, physical methods, such 
as cutting, drying, filtering, spinning, or changing 
temperature or pressure, can’t undo the change.
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Fire chemically changes wood 
into a new substance, ash or 
soot and gas. You can’t bring the 
wood back after it has burned. 

Ancient scholars, called 
alchemists, believed they 
could change metals into gold 
or produce other amazing 
results. Modern science has 
never proven their claims. 
However, their quests 
have inspired many stories, 
including Harry Potter and the 
Sorcerer’s Stone.

Spellbinding 
Alchemy



molecule

6

	 All matter is made of tiny 
moving particles called molecules. 
They move slower or faster in 
different states, such as solids, 
liquids, or gases.

Physical Changes
. . . . . . . . . . . . . . . . . . . .

A solid has a shape 
because its packed 
molecules move slowly.

A liquid takes the shape 
of its container. Liquid 
molecules have room to flow 
under and over each other. 

solid

liquid
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	 A gas completely fills the shape of its container. Its 
fast-moving molecules have a lot of space between 
them and bounce off the container’s walls. Gas 
molecules in air fill all of the space inside balloons. 

gas
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	 Physical properties help identify a substance 
and how it changes. When does it boil or melt? Is it 
magnetic? Does it dissolve with water?  

	 Density is a physical property that describes how 
packed, or concentrated, a substance is. A crumpled 
paper ball has less density than a rock of the same size.

If the substance crushes easily, like a paper ball, it has low 
density. If it resists crushing, like a rock, it has high density.



	 Viscosity is a physical 
property that refers to how 
easily a liquid flows. 

If the liquid is runny, like water, 
that’s low viscosity. If it’s gooey, 
like honey, that’s high viscosity. 

Matter keeps its mass, 
the amount of itself, even 
after a physical change. For 
example, the steam’s mass 
equals the mass from the 
original liquid’s mass.  

The Law of 
Conservation 
of Mass

9



	 Chemical changes happen everywhere. In a chemical 
change, tiny atoms inside different materials’ molecules 
rearrange and share their structures. This new molecular 
bond forms an entirely new substance, which is called a 
compound. 
	

Chemical Changes
. . . . . . . . . . . . . . . . . . . .

10

Photosynthesis is a chemical change. The green chlorophyll 
in plants uses the Sun’s energy to make food, called sugars, 
from water and carbon dioxide.

Did You Know?

(carbon dioxide)

(oxygen)
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carbon atom

oxygen 
atom

oxygen 
atom

Carbon dioxide forms a compound when one atom of carbon 
and two atoms of oxygen combine.

an atom

carbon dioxide 
molecule

In each atom, the protons 
carry a positive charge 
and the electrons carry 
a negative charge. The 
number of particles in an 
atom makes the atomic 
weight. Millions of atoms 
could fit in this period.

Atoms

neutron proton

electronnucleuselectron

carbon 
atom + oxygen 

atom
oxygen 
atom



12

	 Some atoms easily make new compounds. These 
reactive atoms, such as hydrogen and oxygen, have 
charged particles that look for others to bond with to 
create an electrical balance. 
	  Some atoms bond in other 
ways, too. Bonding allows 
atoms to balance their charges 
or fill spaces in their outer shells. 
They combine to form a very 
important molecule on 
Earth, called water. 

Have you ever heard someone call water 
H2O? H2O is the chemical name for 
water. It means two hydrogen atoms 
and one oxygen atom.

hydrogen 
atom

hydrogen 
atom

oxygen 
atom
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Compounds In Your Kitchen
Table Salt = Sodium + Chlorine

Sugar = Carbon + Hydrogen + Oxygen

Baking Soda = Sodium + Hydrogen + Oxygen + Carbon
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	 Not all atoms invite chemical change. Gases such as 
neon, helium, and argon have stable electrical charges 
and do not usually make chemical compounds. They are
called the noble gases.
 
 

Neon, the noble gas used to make bright lights, is nonreactive. 
Neon atoms have the maximum number of electrons they can hold 
in their outer shell. Because missing electrons in the outer shell 
is what makes elements reactive, neon can’t combine easily with 
other atoms.
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	 The potential for an atom to change into a new 
chemical is an important property for researchers to 
know before they experiment. Oxygen changes easily 
and can produce fast results—maybe even an explosion! 
 

Nothing burns without oxygen. But some materials, such as 
hydrogen, diesel fuel, or lithium metal, mixed with pure oxygen 
and heat burn so fast that they appear to explode.
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	 Some chemical changes happen where you can plainly 
see them. A campfire leaves ashes behind, for example. 
Other chemical changes seem invisible, such as digestion 
inside your body.
	 Some chemical changes happen quickly. Vinegar and 
baking soda mixes into an explosion of bubbly carbon 
dioxide. Other chemical changes happen much more slowly. 
How they change depends a lot on the chemicals involved.

This chemical reaction made by combining vinegar and baking soda is 
actually two reactions happening very close together. The acid in vinegar 
reacts with the baking soda to form an unstable, mild acid. This acid 
breaks down right away into carbon dioxide and water. The bubbles come 
from the escaping carbon dioxide gas. The carbon dioxide is heavier than 
air so it flows over the jar. 
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Chemical changes can occur 
slowly over time. Oxidation, or 
rusting, changes hard iron into 
crumbly dust when the oxygen in 
the air combines with the metal. 

Changing Fact
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Wallace Hume Carothers, an 
American chemist, experimented 
with long chains of molecules 
called polymers in the 1930s. 
His work led to nylon. In 1940, 
shoppers bought more than 60 
million pairs of nylon stockings. 

Since then, countless products have used nylon, 
from toothbrushes to military parachutes.

Molecules at Work

Your backpack is most likely 
made of nylon. What else will 
you use today made of nylon?
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	 Today, researchers use the scientific method to find new 
ways of combining matter and its molecules. 
								        Scientists ask questions 
							          and compare their answers
							          to what’s already known. 
							          They share their results. 
							          Other scientists test the 
							          ideas following the 
							          same steps. 

1. Ask a question. 
2. Conduct background 		
	 research.
3. Form a new idea to test.
4. Test the idea with an 
	 experiment that can be 
	 repeated by others.
5. Draw a conclusion.
6. Report the results.

If an idea doesn’t work out, 
start again at step 3! 

The Scientific 
Method



Good or Bad 
Chemical Changes?	  

. . . . . . . . . . . . . . . . . . . .
	 In the past three hundred years 
or so, scientists have created 
medicine, clothing, food, building 
products, and many other useful 
materials. But creating chemical 
changes can also bring pollution, 
poison, and other destructive 
results. 

Acid rain looks like clean 
rain but it can kill fish, 
stunt tree growth, and 
spark asthma attacks.

20



	 Factories that burn coal, for example, release 
chemicals that react with water, oxygen, and other 
gases high in the atmosphere that make acid rain. 
	 With more research, scientists will continue to learn 
more about changing matter. As they learn more, they 
will find new ways to help us and our planet.
 

21



1.		 What type of change is happening 	
		  when your car burns fuel? Why? 

Show What You Know

2.		 Can you think of other chemical 	
		  changes you see every day?

3.		 If you could invent a new product, 	
		  what would it be? How would it 
		  benefit humans?

22
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alchemists (AHL-kuh-mists): ancient scholars who studied mixtures 	
	 as they tried to make gold and brew elixirs for everlasting life 

bond (BAHND): the connection that joins two atoms or 			 
		  molecules to create a compound					      

carbon dioxide (KAHR-buhn dye-OK-side): a colorless gas 			
	 produced by plants, exhaled by humans, and released by some 		
	 burning materials and other chemical reactions

chlorophyll (KLOR-uh-fil): the green matter in plants that supports 	
	 photosynthesis to make food

compound (KOM-pound): a combination of two or more particles, 	
	 such as atoms or molecules

density (DEN-sit-ee): the quality or property of how compact a 		
	 substance is in relation to its volume

dissolve (di-ZAHLV): to seem to disappear into another substance

mass (MASS): the measure of stuff, the something, of a substance

matter (MAT-ur): anything that has mass and takes up space

molecules (MOL-uh-kyoolz): the smallest bit of a substance that 		
	 retains all the characteristics of the substance; a combination of 		
	 atoms or atoms and other molecules

physical properties (FIZ-uh-kuhl  PROP-ur-teez): qualities or traits 	
	 something has

viscosity (VIZ-kahs-uh-tee): the quality or property of how a 		
	 substance, especially a liquid, resists flow

Glossary
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