LESSON

2

Properties
of Matter
ESSENTIAL QUESTION

What are
physical and
chemical
properties of
matter?
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SC.8.N.1.1 Define a problem from the
eighth grade curriculum using
appropriate reference materials to
support scientific understanding, plan
and carry out scientific investigations of various
types, such as systematic observations or
experiments, identify variables, collect and organize
data, interpret data in charts, tables, and graphics,
analyze information, make predictions, and defend
conclusions. SC.8.P.8.4 Classify and compare
substances on the basis of characteristic physical
properties that can be demonstrated or measured; for
example, density, thermal or electrical conductivity,
solubility, magnetic properties, melting and boiling
points, and know that these properties are
independent of the amount of the sample.

To harvest cranberries, the dry
beds are flooded with water. Next,
water reels loosen the berries from
the vines. Since cranberries are
less dense than water, they float.
Harvesters take advantage of this
property to gather and easily float
them toward collection sites.
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By the end of this lesson, you
should be able to classify and
compare substances based on
their physical and chemical
properties.

Lesson Labs
Quick Labs
• Will It Sink or Float?
• Natural vs. Synthetic
Fiber
• Growing Crystals

Exploration Lab
• Identifying Unknown
Samples

Engage Your Brain
1 Predict Check T or F to show whether you think
each statement is true or false.
T

F

2 Describe If you were asked to describe an
orange to someone who had never seen an
orange, what would you tell the person?

Liquid water freezes at the
same temperature at which ice
melts: 0 °C.
A bowling ball weighs less than
a Styrofoam ball of the same
size.
An object with a density greater
than the density of water will
float in water.
Solubility is the ability of
one substance to dissolve in
another.

ACTIVE READING

Vocabulary Terms
• physical property
• chemical property
4 Apply As you learn the definition of each
vocabulary term in this lesson, create
your own definition or sketch to help you
remember the meaning of the term.
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3 Synthesize Many English words have their
roots in other languages. The root of the word
solubility is the Latin word solvere, which
means “to loosen.” Make an educated guess
about the meaning of the word solubility.
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Physical
Education
What are physical
properties of matter?
What words would you use to describe a table?
A chair? A piece of cloth? You would probably
say something about the shape, color, and
size of each object. Next, you might consider
whether the object is hard or soft, smooth or
rough. Normally, when describing an object,
you identify what it is about that object that
you can observe without changing its identity.

They Are Used to Describe a
Substance

ACTIVE READING

Gold is a highly soughtafter metal for making
jewelry. Gold is dense, soft,
and shiny, and it is resistant
to tarnishing. Gold is often
mixed with other metals to
make it stronger.
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A characteristic of a substance that can be
observed and measured without changing the
identity of the substance is called a physical
property. Gold is one metal prized for its
physical properties. Gold can be bent and
shaped easily and has a lasting shine. Both
properties make it an excellent metal for
making coins and jewelry.
All of your senses can be used to detect
physical properties. Color, shape, size, and
texture are a few of the physical properties
you encounter. Think of how you would
describe an object to a friend. Most likely,
your description would be a list of the object’s
physical properties.
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5 Describe Does observing a physical property of a
substance change the identity of the substance?
Explain your reasoning.

In this factory, gold is being
purified by the process
of smelting. This process
uses pressure, high heat,
and chemicals to remove
impurities from the gold.

They Can Be Observed without
Changing the Identity of a
Substance
Mass and volume are two physical properties.
Thus, changing the mass or volume of a
substance does not change the identity of the
substance. For example, a lump of clay might
have a mass of 200 g and a volume of 100 cm3.
If you were to break the clay in half, you would
have two 100-g pieces of clay, each with a volume
of 50 cm3. You can bend and shape the clay, too.
Even if you were to mold a realistic model of
a car out of the clay, it still would be a piece of
clay. Although you have changed some of the
properties of the clay, such as its shape and color,
you have not changed the fact that the substance
you are observing is clay.
One easily observed physical property is
state of matter—the physical form in which a
substance exists. Solids, liquids, and gases are
three common states of matter. Regardless of
what state a substance is in, it is always that
substance. For example, water is always water
whether it is a solid, liquid, or gas.

Visualize It!
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6 Observe Describe the physical properties of
objects you see in this photo.

Think Outside the Book
7 Apply Describe a common object
by naming its properties. Trade
your mystery-object description
with a classmate’s and try to
guess what object he or she has
described.
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Visualize It!

Common Physical Properties
On these two pages, you can read about
some common physical properties. The
physical properties of a substance often
describe how the substance can be useful.
Electrical conductivity

Electrical conductivity
is a measure of how
well an electric current
can move through a
substance.

Density

Density is a
measure of the
amount of mass in
a given amount of
volume.

Thermal conductivity
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Solubility

9 Predict If you let all of the liquid evaporate out
of the pitcher, would you be able to see the solid
particles of the drink mix? Explain your reasoning.
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Solubility is the ability of a substance to
dissolve in another substance. This powdered
drink mix is dissolving in water. When fully
dissolved, the particles of the drink mix will
be spread throughout the water.
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8 Claims • Evidence • Reasoning The photo above
shows oil and vinegar in a pitcher. The top layer
is the oil. Make a claim about the density of
the vinegar compared to the density of the oil.
Summarize the evidence to support the claim and
explain your reasoning.

Thermal conductivity
is the rate at which a
substance transfers heat.

Malleability

Malleability (MAL•ee•uh•bil•i•tee) is
the ability of a substance to be rolled or
pounded into various shapes. Aluminum
has the property of malleability.
10 Identify Name something made of aluminum
and explain why malleability is a useful
property.

Some metals exert a
magnetic attraction.
Magnetic attraction can
act at a distance.
Luster
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Many metals often
have a shine, or luster,
that make them prized
by decorators.

Melting point

Magnetic attraction

The melting point of
a substance is the
temperature at which it
changes from a solid to
a liquid.

Boiling water beneath the surface of
Earth powers this geyser.
Boiling point
11 Infer Compare what happens when a
geyser erupts to what happens when a
tea kettle whistles.
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Identity Theft
What are chemical properties
of matter?
ACTIVE READING
12 Identify As you read, underline the definition of a chemical property.

Iron can form
ru
turning a once st,
shiny car into
a
crumbling reli
c.
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13 Claims • Evidence • Reasoning
Make a claim about whether
automobiles rust more easily in
wet or dry climates. Summarize
evidence to support the claim
and explain your reasoning.
(t) ©Envision/Corbis; (b) ©Allen Russell/Index Stock Imagery RF/Photolibrary

Can you think of a chemical property for the metal iron? When
left outdoors in wet weather, iron rusts. The ability to rust is a
chemical property of iron. The metal silver does not rust, but
eventually a darker substance, called tarnish, forms on its surface.
You may have noticed a layer of tarnish on some silver spoons or
jewelry. Rusting and tarnishing are chemical properties because
the metal changes. After rusting or tarnishing, a portion of the
metal is no longer the metal but a different substance.
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They Describe How a Substance Changes

The ability to
ripen is a chemical
property.

© Houghton Mifflin Harcourt

Physical properties are not the only properties that describe matter.
A chemical property describes a substance’s ability to change into
a new substance with different properties. Common chemical
properties include flammability and reactivity with substances
such as oxygen, water, and acids.

They Can Be Observed Only as the
Identity of a Substance Changes
Chemical properties can be identified by the changes they
produce. A marshmallow and wood for a campfire both
have the chemical property of flammability. Flammability is
the ability of a substance to burn. When wood burns, new
substances are formed: water, carbon dioxide, and ash. These
new substances have different properties than the wood had.
Some materials do not burn as readily.
Reactivity is another chemical property. Reactivity is the
ability of a substance to interact with another substance and
form one or more new substances. If you add baking soda to
vinegar, bubbles will form. This is because vinegar and baking
soda react to make new substances: carbon dioxide gas and
water. Vinegar has the property of reactivity with baking soda.
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Reactivity is a
chemical property.
Vinegar and baking
soda react to make
carbon dioxide gas
and water.

Flammability, or the ability
of a substance to burn, is
a chemical property. For
example, the wood building
in the photo is flammable
and the suits that help keep
the firefighters safe are
flame resistant.
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Property

[Boundaries]
What is the difference between
physical and chemical properties?
How do you tell a physical property from a chemical property? A
physical property can be observed without changing the identity
of a substance. For example, determining the mass of a substance
does not change its identity. Therefore, mass is a physical property.
A chemical property can be observed only by changing the
identity of a substance. For example, to witness a log’s flammability,
you must set the log on fire. Afterward, the log is no longer a log. It
is a pile of ashes. So, flammability is a chemical property.

ACTIVE READING
14 Describe In your own words, describe the difference between a
physical property and a chemical property.

Malleable

Physical
Chemical

Reacts with oxygen

Physical
Chemical

Magnetic

Physical
Chemical

Luster

Physical
Chemical

Nonflammable

Physical
Chemical

Researchers, Inc.

330 Unit 6 Matter

16 Predict Check the correct box to show whether
each property of an iron nail is a physical or a
chemical property.

(bkgd) ©Bettmann/Corbis; (l) ©Mauro Fermariello/Photo Researchers, Inc.; (r) ©SPL/Photo

An iron nail can
react with oxygen
in the air to form
iron oxide, or rust.
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il
Bending an iron na
e
will change its shap
.
but not its identity

15 Explain Your Reasoning What type of property is
being shown by each nail? Explain your reasoning.
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Visualize It!

WHY IT MATTERS

At the Scene
The collection and study of physical evidence in a criminal
investigation is known as forensic science. Forensic
scientists are experts in observing the physical and
chemical properties of evidence at crime scenes.

Arson Investigation
A forensic scientist can gently heat
ashes from an arson scene to help
determine what chemicals were
used to start the fire. If detectives
know how the fire began, then they
might be able to determine who is
responsible for the crime.

Studying Paint

Publishing Company

© Houghton Mifflin Harcourt

©Neil Overy//Getty Images

Flecks of paint left on a tree where
a car hit it can be examined with
a special microscope. How the
paint absorbs light can reveal
what chemicals were used in the
paint. This information could help
authorities determine what kind of
vehicle a criminal suspect drove.

Fiber Analysis
Magnified fibers, like those
shown above, can provide clues,
too. An acrylic fiber might be
material from a boat cover or
a rug. Or, polyester could have
come from a suspect’s shirt.

Extend
17 Identify List physical and chemical properties
used to identify evidence at a crime scene.
18 Claims • Evidence • Reasoning Make a claim
about why investigators might want to be more
careful when examining the chemical properties
of evidence than the physical properties.
Summarize evidence to support the claim and
explain your reasoning.

19 Evaluate By examining the physical and
chemical properties of evidence at a crime scene,
investigators can often be more certain about
what a suspicious substance is not than about
what it is. Explain the reasoning.
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Identify Yourself
How can physical and chemical
properties identify a substance?

No

Color of your sample.
What happens when you strike
your sample with a hammer.
The location where your sample
was found.

In pan mining, as the contents
in the pan are swirled, less dense
substances are washed away.
332 Unit 6 Matter
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Yes

m
D =—
V
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20 Infer Check the box to show which would tell you
for sure if you had a sample of real gold.

To find the density of a substance,
use the following formula, where
D is density, m is mass, and V is
volume:

© Houghton Mifflin Harcourt

Properties unique to a substance are its characteristic properties.
Characteristic properties can be physical properties, such
as density, or chemical properties, such as flammability.
Characteristic properties stay the same regardless of the amount
of a sample. They can help identify a substance.
Iron pyrite is one of several minerals having a color similar
to that of gold. Miners can find iron pyrite near deposits of gold,
and sometimes mistake it for gold. Color and location, however,
are about the only properties iron pyrite shares with gold. The two
substances have quite different characteristic properties.
For example, gold flattens when hit with a hammer, but iron
pyrite shatters. When rubbed on a ceramic plate, gold leaves a
yellow streak, but iron pyrite leaves a greenish black one. Gold
keeps its shine even if beneath the sea for years, but iron pyrite
turns green if exposed to water.
An easy way for miners to tell iron pyrite and gold apart is
by using the property of density. Miners collect gold by sifting
through dirt in pans. Because of its high density, gold stays in the
pan while dirt and most other substances wash over the side as
the miner swirls the contents in the pan. Since gold has a density
almost four times that of iron pyrite, distinguishing
gold from iron pyrite should be an easy task for the
experienced miner.

Do the Math
Sample Problem
A sample of gold has a mass of 579 g. The
volume of the sample is 30 cm3. What is the
density of the gold sample?
Identify
A. What do you know?

mass = 579 g, volume = 30 cm3
B. What do you want to find? Density

You Try It
21 Calculate A student finds an object with a mass of
64.54 g and a volume of 14 cm3. Find the density of
the object. Could the object be gold?

Identify
A. What do you know?

B. What do you want to find?

Plan
C. Write the formula:

m
D=_
V

D. Substitute the given values into the formula:

579 g
D= _
30 cm3

Plan
C. Write the formula:

Solve
g
579
_

= 19.3 g/cm3
30 cm3
F. Check that your units agree:

D. Substitute the given values into the formula:

The given units are grams and cubic
centimeters, and the measure found is
density. Therefore, the units should be
g/cm3. The units agree.
Answer: 19.3 g/cm3

Solve

E. Divide:

E. Divide:

F. Check that your units agree:

Gold

Yes

Iron pyrite
Publishing Company
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Answer:

No

Could the object be gold?
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Visual Summary

Solubility / Flammability is a
physical property.

23

The melting point of a substance
is the temperature at which the
substance changes from a solid
to a gas / liquid.

Reactivity with water / Magnetism is a
chemical property.

25

Flammability is the ability of a
substance to transfer heat / burn.

The properties that are most useful
in identifying a substance are its
characteristic properties. Characteristic
properties can be physical properties or
chemical properties.

26

The characteristic properties of a
substance do /do not depend on the size
of the sample.

27 Claims • Evidence • Reasoning You have two solid substances that look the same. Make a claim about
what measurements you would take and which tests you would perform to determine whether they are
actually the same. Summarize evidence to support the claim and explain your reasoning.
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24
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A physical property is a property that
can be observed or measured without
changing the identity of the substance.
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Physical and
Chemical
Properties

A chemical property is a property that
describes a substance’s ability to form new
substances.
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To complete this summary, circle the correct
word. You can use this page to review the main
concepts of the lesson.

Lesson Review

LESSON

Vocabulary

Critical Thinking

Fill in the blanks with the term that best
completes the following sentences.

Use this table to answer the following question.

1 Flammability is an example of a
property.
2 Electrical conductivity is an example of a
property.

Element
Bromine
Chlorine
Iodine

Key Concepts
3 Identify What are three physical properties
of aluminum foil?

4 Describe What effect does observing a
substance’s physical properties have on the
substance?

5 Explain Describe how a physical property,
such as mass or texture, can change without
causing a change in the substance.

Publishing Company

6 Justify Must new substances be formed
when you observe a chemical property?
Explain your reasoning.
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2

Melting Point Boiling Point
(°C)
(°C)
–7.2

59

–100

–35

110

180

7 Claims • Evidence • Reasoning You
are given samples of the substances shown
in the table. The samples are labeled A, B,
and C. At room temperature, sample A is a
solid, sample B is a liquid, and sample C is a
gas. What are the identities of samples A, B,
and C? Cite evidence to support your claim
and explain your reasoning. (Hint: Room
temperature is about 20 °C.)

8 Conclude The density of gold is
19.3 g/ cm3. The density of iron pyrite is
5.0 g/cm3. If a nugget of iron pyrite and a
nugget of gold each have a mass of 50 g,
what can you conclude about the volume of
each nugget?

9 State Your Claim Suppose you need to
build a raft to cross a fast-moving river.
Make a claim about the physical and
chemical properties of the raft that would
be important to ensure your safety. Explain
your reasoning.
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