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Energy and
Matter

Energy and Matter

Reading Preview

Objectives

Key Concepts

After this lesson, students will be able to
K.1.4.1 Identify forms of energy that are
related to changes in matter.
K.1.4.2 Describe how chemical energy is
related to chemical change.

• What are some forms of energy
that are related to changes in
matter?

• How is chemical energy related
to chemical change?

Key Terms

Target Reading Skill

• kinetic energy
• potential energy
• chemical energy
• electromagnetic energy
• electrical energy • electrode

Identifying Main Ideas Explain that
identifying main ideas and details helps
students sort the facts in the information
into groups. Each group can have a main
topic, subtopics, and details.

Target Reading Skill

Answer
Sample answer:
Main Idea: There are many forms of energy.
Detail: Chemical energy is the energy stored
in the chemical bonds between atoms.
Detail: Electromagnetic energy travels
through space as waves.
Detail: Electrical energy is the energy of
electrically charged particles moving from
one place to another.

Identifying Main Ideas As you
read Forms of Energy, write the
main idea in a graphic organizer
like the one below. Then write
three supporting details that give
examples of the main idea.
Main Idea

Where Was the Energy?
1. Add about 20 mL of tap water to an empty soda
can. Measure the temperature of the water with
a thermometer. (Hint: Tilt the can about
45 degrees to cover the bulb of the thermometer
with water.)
2. Bend a paper clip into the shape shown in the photograph.
3. Stick a small ball of modeling clay into the center of an
aluminum pie pan. Then stick the straight end of the paper
clip into the ball.
4. Place one mini marshmallow on the ﬂat surface formed by the
top of the paper clip. Light the marshmallow with a match.
5. Use tongs to hold the can about 2 cm over the burning
marshmallow until the ﬂame goes out.
6. Measure the water temperature.
Think It Over
Drawing Conclusions How can you account for any change in
the water’s temperature? What evidence of a chemical change
did you observe? What forms of energy were released when
the marshmallow burned? Where did the energy come from?

There are many forms of energy.
Detail

Detail

Detail

Like matter, energy is never created or destroyed in chemical
reactions. Energy can only be transformed—that is, changed
from one form to another.

Teaching Resources

Forms of Energy

• Transparency K7

Preteach
Build Background
Knowledge

L2

Finding Energy in a Ball
Hold a ball in the air and ask: Does this ball
have energy? (Sample answer: No. The ball
is not moving.) Then drop the ball and ask:
Does the ball have energy? (Sample answer:
Yes. The ball is moving.) Then ask: Where did
the ball get its energy? Accept all answers.
Explain that students will learn about forms
of energy in this section.

Skills Focus Drawing conclusions
Materials cold water, empty soda can,
thermometer, paper clip, modeling clay,
aluminum pie pan, mini marshmallow,
match, tongs, goggles
Time 15 minutes

L2

How do you know when something has energy? You would
probably say that a basketball flying toward the hoop has
energy because it is moving, and you’d be right. You can be sure
that the player who threw the ball also has energy. Maybe you
would mention light and heat from a burning candle. Again
you would be right.
Energy is all around you, and it comes in many forms.
Forms of energy related to changes in matter may include
kinetic, potential, chemical, electromagnetic, electrical, and
thermal energy.

Tips Warn students to use caution with
matches and the thermometer. Depending
on safety management in your school, you
may elect to ignite the marshmallows for
your students.
Expected Outcome Water temperature
will increase and a black residue will form
on the bottom of the can.

Think It Over The water absorbed
thermal energy from the burning
marshmallow. The burning marshmallow
gave off energy and left a black residue on
the bottom of the can. Light and thermal
energy were released. The energy released
had been stored in the marshmallow.

Instruct
Near the top of the track,
the slow-moving car has
more potential energy
than kinetic energy.

Forms of Energy
Teach Key Concepts

FIGURE 22
Energy Changes
The thrills of a roller coaster ride start with the
transformation of potential energy into kinetic
energy. Applying Concepts Where did the potential
energy of the car come from?

The car's kinetic
energy increases as
it gains speed on the
downward track.

Kinetic Energy and Potential Energy In Section 3, you
learned that energy is the ability to do work or cause change.
All matter has energy of at least one form. Kinetic energy is the
energy of matter in motion. A rolling bowling ball has kinetic
energy and can do work by knocking down bowling pins. If
you drop the bowling ball on your toe, you’ll experience the
work done by the kinetic energy of the falling ball. Even though
you can’t see them, the smallest particles of matter have kinetic
energy because they are in constant, random motion. Recall
from Section 3 that the kinetic energy of particles contributes
to the thermal energy of a substance.
Suppose you push your bike to the top of a hill. That action
takes energy, doesn’t it? But the energy isn’t wasted. In a way, it
is now stored in you and in the bike. This stored energy will
change to kinetic energy as you enjoy an exciting coast back
down the hill. As you went up the hill, you increased the potential energy of both you and the bike. Potential energy is the
energy an object has because of its position. When a diver
climbs up to a diving board, she increases her potential energy.
When you stretch a rubber band, your action gives potential
energy to the rubber band to snap back and do work.

Skills Focus Inferring
L1
Materials meter stick, tennis ball
Time 10 minutes
Tips Suggest that students perform several
trials from each position and find the average
height. Encourage students to use the same
method of observation in every trial.

L2

Forms of Energy
Focus Tell students that energy, like matter,
is never created or destroyed in chemical
changes.
Teach Explain that when matter changes,
energy is often involved. This energy is not
lost or gained, but it may change forms. Ask:
What kinds of energy are often associated
with changes in matter? (Kinetic, potential,
chemical, electromagnetic, electrical, and
thermal) Begin a table with these forms of
energy listed as column headings. As you
teach the section, have students complete
the table with definitions and examples of
each form.
Apply Ask: What forms of energy are
present when wood is burned? (Chemical
energy is present in the unburned wood.
Electromagnetic energy and thermal energy
are given off when the wood is burning.)
learning modality: verbal

Independent Practice

L2

Teaching Resources

Dropping the Ball
1. Work with a partner. Using
a meter stick as a guide,
hold a ball about 0.5 m off
the ﬂoor. Let go of the ball
and note how high it
bounces.
2. Repeat Step 1 from heights
of 1 m, 1.5 m, and 2 m.
Inferring When does the ball
have the most potential
energy? When does it have
the most kinetic energy?

Expected Outcome The ball has the
most potential energy at the greatest
height. The ball has the most kinetic
energy just before it hits the ground after
it is dropped from the greatest height.
Extend Have students repeat the
experiment using several different balls
such as hard rubber balls, golf balls, and
baseballs. learning modality: kinesthetic

• Guided Reading and Study Worksheet:
Energy and Matter
Student Edition on Audio CD

Monitor Progress

L2

Writing Have students list three examples in
which energy is stored or in motion. For each
example, have them identify the energy as
potential or kinetic.
Answer
Figure 22 The car’s potential energy came
from its height at the top of the track.

For: Links on matter
and energy
Visit: www.SciLinks.org
Web Code: scn-1114
Download a worksheet that will guide students’ review
of Internet sources on matter and energy.

For: Links on matter and energy
Visit: www.SciLinks.org
Web Code: scn-1114

Transforming Energy
Teach Key Concepts

L2

Relating Chemical Change
and Chemical Energy
Focus Remind students that chemical
energy is the potential energy stored in the
chemical bonds between atoms.
Teach Ask: How do energy changes result
from a chemical change? (When the
chemical bonds between atoms break and new
bonds form, chemical energy is changed into
another form of energy.) What forms of
energy could result from a chemical
change? (Sample answer: Thermal,
electromagnetic, or chemical energy)
Apply Ask: What energy transformations
occur when you ride a bike? (Sample answer:
Chemical energy from food is transformed to
kinetic energy of moving muscles and thermal
energy, which is given off as heat.) learning

FIGURE 23
Electrolysis of Water
Electrical energy can be used
to break down water, H2O, into
its elements. Bubbles of oxygen
gas and hydrogen gas form at
separate electrodes.
Drawing Conclusions Why is the
volume of hydrogen formed
twice that of oxygen?

Hydrogen gas

Chemical Energy The internal energy stored in the chemical bonds between atoms is a form of potential energy that is
sometimes called chemical energy. When a chemical change
occurs, these bonds are broken and new bonds are formed. If
the change is exothermic, some of the chemical energy is transformed and released in a variety of other forms. As you read in
Section 3, one of those forms is often thermal energy.
Electromagnetic Energy You probably know that energy
reaches Earth in the form of sunlight. Energy from the sun can
increase the temperature of the surface of a sidewalk or change
your skin by burning it. Visible light is one example of
electromagnetic energy, a form of energy that travels through
space as waves. Radio waves, infrared “rays” from heat lamps,
the waves that heat food in a microwave oven, ultraviolet rays,
and X-rays are other types of electromagnetic energy.
Chemical changes can give off electromagnetic energy, such
as the light from a wood fire. Also, both chemical and physical
changes in matter may be caused by electromagnetic energy.
For example, a microwave oven can change a frozen block of
spaghetti and sauce into a hot meal—a physical change.

Oxygen gas

modality: verbal
Water
Electrode

Battery

Hydrogen
gas bubbles

Oxygen
gas bubbles

Differentiated Instruction
L1
Less Proficient Readers
Drawing Diagrams Encourage students
to draw diagrams of the energy
transformations described in the reading.
Instruct them to label the diagrams with
the form of energy at each stage in the
transformation. Also have them write a
sentence to summarize the chemical
change that causes the energy
transformation. learning modality: visual

Electrical Energy Recall from Section 1
that an atom consists of a positively charged
nucleus surrounded by a negatively charged
cloud. This “cloud” symbolizes moving,
negatively charged particles called electrons.
Electrical energy is the energy of electrically charged particles moving from one
place to another. Electrons move from one
atom to another in many chemical changes.
Electrolysis—a chemical change you
first read about in Section 3—involves electrical energy. In electrolysis, two metal strips
called electrodes are placed in a solution,
but the electrodes do not touch. Each electrode is attached to a wire. The wires are
connected to a source of electrical energy,
such as a battery. When the energy begins to
flow, atoms of one kind lose electrons at one
electrode in the solution. At the other electrode, atoms of a different kind gain electrons. New substances form as a result.
Where is chemical energy
stored?

Transforming Energy
The burning of a fuel is a chemical change that transforms
chemical energy and releases it as thermal energy and electromagnetic energy. When you push a bike (and yourself)
up a hill, chemical energy from foods you ate is transformed into the kinetic energy of your moving muscles.
Similarly, other forms of energy can be transformed, or
changed, into chemical energy. During a chemical
change, chemical energy may be changed to other forms
of energy. Other forms of energy may also be changed to
chemical energy.
One of the most important energy transformations on
Earth that involves chemical energy is photosynthesis. During photosynthesis, plants transform electromagnetic
energy from the sun into chemical energy as they make molecules of sugar. These plants, along with animals and other
living things that eat plants, transform this chemical energy
once again. It becomes the energy needed to carry out life
activities. The carrots you have for dinner may supply the
energy you need to go for a walk or read this book.
What type of energy transformation occurs
during photosynthesis?

Monitor Progress

Answers
Figure 23 Water is made up of a ratio of
two hydrogen atoms for every oxygen atom.
In the chemical bonds
between atoms
Electromagnetic energy to
chemical energy

Assess
Reviewing Key Concepts

FIGURE 24
Photosynthesis
Photosynthesis is a series of chemical
changes in which plants convert
electromagnetic energy from the sun
into chemical energy.
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Section 4 Assessment

Target Reading Skill Identifying Main Ideas Use your
graphic organizer to help you answer Question 1 below.
Reviewing Key Concepts
1. a. Listing What are six forms of energy related to
changes in matter?
b. Classifying Which form of energy is represented by
a book lying on a desk? Which form of energy is
represented by a book falling off a desk?
c. Making Generalizations What happens to energy
when matter undergoes a chemical or physical change?
2. a. Reviewing What happens to chemical energy during a
chemical change?
b. Relating Cause and Effect What are the two main
forms of energy given off when paper burns, and where
does the energy come from?
c. Sequencing Describe the energy changes that link
sunshine to your ability to turn a page in this book.

L2

Tracking Energy Changes
Volunteer to help cook a meal for
your family. As you work, point out
energy transformations, especially
those that involve chemical energy.
Explain to a family member what
chemical energy is and what other
forms of energy it can be changed
into. Talk about energy sources for
cooking and other tools and
appliances used to prepare food.
Try to identify foods that change
chemically when they are cooked.

1. a. Kinetic, potential, chemical,
electromagnetic, electrical, and thermal
energy b. When the book is lying on the
desk, it has potential energy. When the book
is falling, it has kinetic energy. c. Energy
often changes form.
2. a. During a chemical change, chemical
energy is changed to other forms of energy.
b. Chemical energy stored in the paper is
transformed and released as electromagnetic
energy and thermal energy.
c. Electromagnetic energy from the sun is
converted to chemical energy by plants
during photosynthesis. When you eat plants
or plant products, this energy becomes
available to your body. Your body converts
this chemical energy to kinetic energy as you
turn a page.

Reteach

L1

Have students draw a diagram to illustrate
each form of energy that is related to changes
in matter.

Performance Assessment

L2

Writing Have students use the major
headings in this section to write brief
summaries. Tell them that their summaries
should also include examples.
Teaching Resources

• Section Summary: Energy and Matter
• Review and Reinforce: Energy and Matter
• Enrich: Energy and Matter
L1
Tracking Energy Changes
Before students do this activity, review
the forms of energy involved in
chemical changes. Review chemical and
physical changes in cooking; for
example, stirring ingredients together
compared to baking. Challenge students
to relate chemical energy to chemical
changes that occur during cooking.

Keep Students on Track By now,
students will have refined their designs and
completed their balances. Distribute test
materials for students to calculate densities.
Choose materials that vary significantly in
density, such as honey, flour, yogurt, and
sugar. Then give students time to plan their
class presentations.

Isolating Copper
by Electrolysis

L2

Isolating Copper by
Electrolysis

Prepare for Inquiry

Problem

Key Concept
Elements can be isolated from some
compounds by passing an electric current
through a solution containing the
compound.

How can electrical energy be used to isolate
copper metal?

Skills Objective
After this lab, students will be able to
• model the laboratory setup in a diagram
• infer the changes occurring in a copper
chloride solution during electrolysis
• observe the properties of the products and
compare them to the starting solution
• interpret data about color change
Prep Time 15 minutes
Class Time 40 minutes

Advance Planning
• To make the 0.6 M copper chloride (cupric
chloride) solution, add 9.5 g of copper (II)
chloride dehydrate, CuCl2 · 2H2O, to
100 mL of distilled water. For 12 pairs of
students, you will need about 600 to
1,200 mL of the solution.
• The electrodes can be used repeatedly, but
the tips must be cleaned with #0000 steel
wool between uses to remove plated
copper.
• To make wire connections, any small leads
with alligator clips on both ends will work
for this lab. A length of at least 8 cm is
easier for students to handle.

Skills Focus
making models, inferring, observing,
interpreting data

Materials
• glass jar, about 250 mL
• two metal paper clips • 6-volt battery
• index card
• wires with alligator clips or a battery holder
with wires
• copper chloride solution (0.6 M), 100 mL

Procedure
1. Unbend a paper clip and make a hook shape
as shown in the diagram. Push the long end
through an index card until the hook just
touches the card.
2. Repeat Step 1 with another paper clip so that
the paper clips are about 3 cm apart. The
paper clips serve as your electrodes.

Metal
paper
clip

Index card

3. Pour enough copper chloride solution into a
jar to cover at least half the length of the
paper clips when the index card is set on top
of the jar. CAUTION: Copper chloride solution can be irritating to the skin and eyes.
Do not touch it with your hands or get it
into your mouth. The solution can stain skin
and clothes.
4. Place the index card on top of the jar. If the
straightened ends of the paper clips are not
at least half covered by the copper chloride
solution, add more solution.
5. Attach a wire to one pole of a battery. Attach
a second wire to the other pole. Attach each
of the other ends of the wires to a separate
paper clip, as shown in the diagram. Do not
allow the paper clips to touch one another.
6. Predict what you think will happen if you
allow the setup to run for 2 to 3 minutes.
(Hint: What elements are present in the copper chloride solution?)
7. Let the setup run for 2 to 3 minutes or until
you see a deposit forming on one of the electrodes. Also look for bubbles.
8. Disconnect the wires from both the battery
and the paper clips. Bring your face close to
the jar and gently wave your hand toward
your nose. Note any odor.
9. Note whether the color of the solution has
changed since you began the procedure.

Safety
Dispose of the copper chloride according to
state or local regulations. Chlorine gas, a
toxic substance, is produced in small
quantities in this lab. Ensure good
ventilation in the room during the lab.
Review the safety guidelines in Appendix A.
Teaching Resources

• Lab Worksheet: Isolating Copper by
Electrolysis

Guide Inquiry
Invitation
Show students a bright penny. Ask: How was
the copper for this penny found? (Many will
say the copper was found in the ground in its
pure state.) Point out that most elements are
not found in their pure, elemental states.
They must be processed to extract the pure
element.

Introducing the Procedure
Display a sample apparatus for students to
look at as they set up their own. Point out
the positive and negative poles on the 9-volt
battery. Remind students that they will be
asked to identify which electrode collected
the copper.

10. Note the color of the ends of the electrodes.
11. Discard the solution as directed by your
teacher, and wash your hands.

Analyze and Conclude
1. Making Models Make a labeled diagram of
your laboratory setup. Indicate which electrode is connected to the positive (+) side of
the battery and which is connected to the
negative (−) side.
2. Inferring Based on your observations, what
substances do you think were produced at
the electrodes? On which electrode was each
substance produced? Recall that one of the
substances was a solid you could see and the
other was a gas you could smell.
3. Observing Compare the properties of the
substances produced to those of the copper
chloride in solution.
4. Interpreting Data If the color of the solution
changed, how can you explain the change?

5. Inferring Based on your observations, does
electrolysis produce a chemical change?
Explain your reasoning.
6. Communicating Write a paragraph describing what you think happened to the copper
chloride solution as the electric current
ﬂowed through it.

Design an Experiment
What do you think would happen if you
switched the connections to the battery without
disturbing the rest of the equipment? Design an
experiment to answer this question. Obtain your
teacher’s permission before carrying out your
investigation.

Troubleshooting the Experiment
• Caution students to avoid breaking the
electrodes.
• Some students may have difficulty
detecting chlorine gas in Step 8. There may
not be enough produced to be noticeable,
or students may be unfamiliar with the
odor.
Expected Outcome
• The pale yellow-gold or pinkish color on
the tip of the negative electrode shows that
copper has been deposited there.
• The faint odor of chlorine tells students
that another substance was also produced
by this reaction. They may see small
bubbles being produced at the positive
electrode.
Analyze and Conclude
1. Students’ diagrams should include all
parts of the setup and be labeled correctly.
2. Solid copper forms on the negative
electrode. Bubbles of chlorine gas form at
the positive electrode.
3. Copper is a shiny, orange-colored metal.
Chlorine is a gas with an irritating odor.
Copper chloride solution is a clear green
liquid.
4. The color of the solution changed,
indicating that the copper chloride changed
chemically to form new substances.
5. Yes, the dissolved copper chloride
underwent chemical changes that formed
new substances, solid copper and chlorine
gas.
6. Sample answer: Electrolysis caused a
chemical change by breaking the chemical
bonds of copper chloride and separating the
compound into copper and chlorine.

Extend Inquiry
Design an Experiment Students may
predict that the copper and chlorine will
form on the opposite electrodes when the
polarity is reversed.

