
Properties of Matter 
Matter might be hard or soft, rough or smooth, round or square, 
hot or cold. Some matter may catch fire easily, while other matter 
does not. It may fit inside a shoebox or be as big as the entire Earth! 

GUIDE FOR READING 

♦ What are the three states of 
matter? 

♦ Why are characteristic 
properties useful? 

♦ How can matter be 
classified? 

Reading Tip  As you read, 
make a list of properties of 
matter. 

0 Describing Matter 

DISCOVER miruminminimir 
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 What Properties Help You Sort Matter? 

▪ 1. Carefully examine the ten objects that your teacher 
; 	provides. Write a brief description of each object. What 
•„, 	properties are unique to each object? What properties do 

• some objects have in common? • 
• 

2. Which objects appear to be made of a single substance? 
; 	Which objects appear to be mixtures of different substances? 
• 
• 3. Divide the objects into small groups so that the objects in • 
• each group share one of the properties you identified. • • • 
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Think It Over 
Classifying  Share your 
observations and grouping with 
your classmates. How do the 
ways your classmates grouped 
the objects compare with the 
way you grouped the objects? 
Think of at least one other way 
to group the objects. 

y ou  probably have heard the word matter used in lots of 
ways. "It doesn't matter! "As a matter of fact, . . ." "Hey, 
what's the matter?" 

In science, however, the word matter has a specific meaning. 
Matter is the "stuff" that makes up everything in the universe. 
Fruit, baseballs, statues, milk, books, flowers: These objects and 
countless others are examples of matter. Even air is matter. Air 
may be invisible, but you know it is there when you feel a cool 
breeze or watch trees bend in the wind. 

What exactly is matter? This question is not so easy to 
answer! You can begin by looking at some of its properties. 



Figure 1 A geyser gives off hot 
water and steam—small droplets of 
hot liquid water in air. A geyser also 
gives off water vapor. In cold air, 
the invisible water vapor quickly 
turns to more droplets of steam, 
adding to the drama of the scene. 

Matter may be any color of the rainbow—or no color at all. 
Hardness, texture, shape, temperature, flammability, size, and 
color are all examples of properties of matter. 

Can matter change properties? The answer is yes. Water, for 
example, is a clear liquid at room temperature. At cold tempera-
tures, however, water is in its solid form—ice—which is hard and 
frosty. And at high temperatures, water exists in the form of water 
vapor, which is an invisible gas. In Figure 1 you can see evidence 
of water in its solid and liquid forms. 

Liquid water, ice, and water vapor are all made of exactly the 
same substance, but in different states. Solids, liquids, and gases 
are the three principal states of matter. You will learn much more 
about these three states of matter in Chapter 2. 

Characteristic Properties 

Some properties of matter, such as size or amount, are true only 
for a given sample of matter. For example, a piece of ice can be as 
small as an ice cube or as big as a glacier. In both cases, the sub-
stance is still ice. However, some properties hold true for a par-
ticular kind of substance no matter what the sample. These 
properties are called characteristic properties. For example, all 
diamonds have the same hardness. (In fact, they are the hardest 
of all known substances.) Since characteristic properties for a 
given substance never change, they can be used to identify 
unknown matter. 
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Skiffs 
Interpreting Data 

Look at the  M'IV, 
melting points 
and boiling points of the five 
substances listed in the table. 
Identify each substance's 
physical state at room 
temperature (approximately 
20°C). Is it a gas, a liquid, or a 
solid? Explain how you arrived 
at your conclusions. 

Substance Melting Boiling 
Point Point 
(°C) (°C) 

Water 	 0 	100 

Chloroform 	—64 	61 

Ethanol 	—117 	79 

Propane 	—190 	—42 

Table salt 	801 	1,465 

Figure 2 All pure substances, 
including frozen water, melt at a 
characteristic temperature. 

Boiling Point  If you put a pan of water on a stove and turn on 

the burner, the water soon begins to boil. Can you predict the 

temperature at which the water boils? Typically, the answer is 

100°C (100 degrees Celsius). You can repeat this activity as many 
times as you like, and each time the water will boil at almost 

exactly the same temperature. However, if you try boiling other 

liquids, such as vegetable oil or melted margarine, you will find 

that they boil at very different temperatures from water. 

The temperature at which a liquid boils is called its boiling 
point. Boiling point is an example of a characteristic property 

of a substance. For this reason, comparing boiling points can be 

an excellent way to tell one liquid from another. For example, 

consider three different liquids: water, chloroform, and ethanol. 

Chloroform once was used to put people to sleep in operating 

rooms, and ethanol is one of a group of substances called alco-

hols. All three liquids are clear and colorless—you would not be 

able to tell them apart from their looks alone. But look at the 

table shown to the left, and you will see that each liquid boils at 

a different temperature. 

Melting Point  Another characteristic property can help you 

identify solids. Suppose you removed a tray of ice cubes from a 
freezer whose temperature is about –10°C and placed it in a warm 

kitchen whose temperature is about 25°C. The ice cubes would 

gradually warm. When their temperature reached 0°C, they would 

begin to melt. The temperature at which a solid melts is called its 

melting point. Because a solid substance melts at one tempera-

ture only, melting point is another characteristic property. 

Not all solids melt as readily as ice. If you heated a sample of 
table salt, it wouldn't melt until the temperature was more than 

800°C. That's hotter than the highest 

setting on most ovens! 
If you have a solid that melts at 

0°C, can you be sure that it's water? 
Not necessarily! Other solids melt at 

0°C, also. In fact, many substances 

share melting points, boiling points, or 

other characteristic properties. For this 

reason, you sometimes need to study 

at least two or three characteristic 

properties before you can accurately 

identify a substance. 

e&e,(0.44,..e  What are two 
examples of characteristic properties? 
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Changes in Matter 
Changes in the state of matter, such as boiling or melting, are 
examples of physical changes. Physical changes alter the form 
of a substance, but not its identity. Even when you boil away a 
pan of water, the water is still present as water vapor. Other 
examples of physical changes include crushing a soda can, tear-
ing a piece of paper, and mixing sugar into iced tea or breakfast 
cereal. Separating the parts of a substance, such as filtering 
orange juice to remove the pulp, is also a physical change. In each 
of these examples, the form or appearance of the substances 
changed, but the substances themselves remained. 

In chemical changes, however, one or more substances com-
bine or break apart to form new substances. Heating table sugar 
and changing it into caramel is one example of a chemical 
change. When this process is complete, the original sugar parti-
cles no longer exist. Burning wood is another example of a 
chemical change. When wood burns, it combines with oxygen 
in the air to produce the glowing gases that you recognize as fire. 
This process changes the wood into ash and gases that are no 
longer wood. 

The ability of a substance to undergo a specific chemical 
change is another example of a characteristic property. This 
property is called the chemical activity of the substance. 

Figure 3 Unlike a physical change, 
a chemical change alters the 
identity of a substance. In a forest 
fire, wood is changed into gases 
and other substances. In a test 
tube, caramel can be produced by 
heating sugar.  Observing  Now can 
you tell that new substances were 
formed in both photos? 
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A Magnetic Personality 
How can you  Alrf111*, 
separate the 
substances in a mixture? 

1. Obtain a mixture of sand 
and iron filings. Place the 
mixture in the center of a 
piece of paper. 

2. Examine the mixture 
carefully. Predict the effect 
a magnet would have on it. 

3. Hold a magnet below the 
paper under the mixture. 
Move the magnet toward 
the edge of the paper. 

4. Use the magnet to separate 
as much of the mixture as 
you can. 

Inferring  Was your prediction 
in Step 2 correct? How do the 
two parts of the mixture 
differ? What characteristic 
property allowed you to 
separate parts of the mixture? 

Figure 4 These two students 
are conducting a taste test to try 
to identify different drinks. 
Predicting  Explain why you think 
they will or will not be able to do so. 

Types of Matter 
Why do fruit juices taste different? The answer is that they con-
tain different ingredients. Put another way, the matter in each 
juice is different. Scientists sometimes find it useful to describe 
matter in terms of its composition. Matter can be classified into 
two general categories: mixtures and pure substances. The 
pure substances include elements and compounds. 

Mixtures 

What exactly is in the drinks shown in Figure 4? Each of them 
contains many ingredients, including water, sugar, flavorings, 
and maybe bits of pulp from fruit. These drinks are examples of 
mixtures. A mixture consists of two or more substances that are 
mixed together but not chemically combined. 

In a mixture the individual substances keep their separate 
properties. It may not be easy to see the sugar in orange or grape 
juice, but you certainly can taste it! Sometimes, you can easily 
separate the substances that make up a mixture. If you boil sea 
water, for example, you can separate the salt and water that 
compose it. 

Scientists often classify mixtures by how "well-mixed" they are. 
In mixtures like sea water, the parts have blended so well together 
that they appear to be a single substance. Sea water is a mixture of 
water, salt, and other substances. This type of mixture is called a 
solution. You can think of a solution as the "best-mixed" of all 
possible mixtures. Sugar water is another example of a solution. 

&zeta/Ad.:at  How are solutions related to mixtures? 

18 • K 



Pure Substances 
Not every substance is a mixture. If you could look closely enough 
at sugar, for example—down to the level of the tiny particles that 
it is made of—you would see that sugar is a pure substance, with 
no other substances mixed in. A pure substance is made of only 
one kind of matter and has definite properties. Examples of pure 
substances include sugar, salt, iron, aluminum, and copper. 

Every sample of a pure substance is always the same, no 
matter what the form. For example, if you separated all the ingre-
dients from different kinds of fruit juices, the water from each 
juice would be exactly the same. So would the water from tap 
water, sea water, and blood. Water can be mixed with all sorts of 
other substances, but water itself is always the same substance. 

Elements  Some pure substances, called elements, cannot be 
broken down into other substances by any chemical means. 
Individually or in combination, the elements form every object 
in the world around you! You might be surprised to learn that 
there are only a little more than 100 different elements. And of 
these, you probably use only 30 or 40 in your daily life. 

Take a look at the list of the chemical elements shown in 
Appendix C. Notice that most elements are represented by a 
one-letter or two-letter symbol—for example, C for carbon and Cl 
for chlorine. How many of the elements do you recognize? Many 
of the familiar elements are metals, such as iron (the main ingre-
dient in steel), and copper (used in electrical wiring). Nitrogen and 
oxygen are two elements that are part of the air you breathe. 

Figure 5 The element silver 
(above) sometimes is found 
as pure metal having a wiry, 
treelike form. You can see 
compounds and mixtures 
anywhere you look. The 
trees, other plants, and pond 
water in a quiet garden (left) 
are made of mixtures of 
compounds containing 
carbon, hydrogen, oxygen, 
and a few other elements. 
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Vou can find all sorts of matter at an ocean beach, including 
i sand, sea shells, grasses and other plants, and sea water. Many 

types of beach sand are made up of small rocks and other particles 
that are washed ashore by the ocean's waves. 

Mixture 
Some beach sand is a mixture of a 
substance called quartz and tiny 
fragments of sea shells. The color of 
the beach sand varies with its shell 
content. 

Sea shells contain 
different calcium 
compounds, including 
calcium carbonate. 
Quartz is formed 
from a compound 
called silicon dioxide. 

Calcium carbonate Silicon dioxin 
ti  

Elements 
The compounds in beach sand are made mostly of four elements: silicon, 
oxygen, calcium, and carbon. Like most substances, beach sand shares few 
properties with the elements that compose it! 

Carbon Calcium 

"iii 



1. List the three principal states of matter. Give 
two examples of each. 

2. What is meant by a characteristic property of a 
substance? 

3. Compare physical changes and chemical 
changes. Use examples in your answer. 

4. Describe how matter is classified into mixtures, 
pure substances, elements, and compounds. 

5. Thinking Critically  Applying Concepts 
Liquid A and Liquid B both boil at 100°C. 
Using what you know about characteristic 
properties, explain why the liquids may not be 
the same. 

Compounds  How can just a little more than 100 elements make 
up all the matter in the universe? The answer is that the elements 
combine in different ways to form a huge variety of compounds. A 
compound is a pure substance formed from chemical combina-
tions of two or more different elements. Water and carbon dioxide 
are examples of compounds. Just as symbols are used to represent 
elements, formulas are used to represent compounds. Water's for-
mula is H2O and carbon dioxide's formula is CO 2 . 

The properties of compounds are always different from the 
properties of the elements that formed them. For example, the 
element carbon (C) typically exists as a powdery, black solid. The 
elements hydrogen (H) and oxygen (0) exist as invisible gases. 
When these elements combine to form compounds, however, 
the result is a different substance. One compound of carbon, 
hydrogen, and oxygen is ordinary table sugar, a granular, white 
solid. Its formula is C 12H220 11 . The properties of table sugar are 
very different from those of the elements that formed it. 

Matter Is All Around You 
Now that you've read this section, choose some familiar 
objects and ask yourself some questions about them. 
Are the objects solids, liquids, or gases? Which are mix-
tures and which are pure substances? Can you identify 
any of the elements you read about, such as oxygen, iron, 
copper, or aluminum? By asking questions and paying 
attention to the answers, you are taking the first steps in 
the study of matter—the "stuff" that makes up everything in 
the universe. 

Figure 6 You interact with matter 
all the time, whether you are riding 
a bike, eating a sandwich, or 
making a giant soap bubble! 

........................................ CHAPTER 

Cheek Your Progress PROJECT 

Choose which product and 
property you will test. Design a 
procedure to test your chosen property 
of a product. Decide which variables you 
will keep constant. Describe how you will 
measure and organize the data you will 
collect. Work with a partner to discuss 
ideas for your procedure. Answer your 
partner's questions about the procedure, 
listen to any comments offered, and 
incorporate appropriate comments into 
your plan. 
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