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Reading Preview

Objectives

Key Concepts

After this lesson, students will be able to
L.2.1.1 State how matter and changes in
matter can be described.
L.2.1.2 Explain how you can tell when a
chemical reaction occurs.

• How can matter and changes
in matter be described?

• How can you tell when a
chemical reaction occurs?

Key Terms

Target Reading Skill
Asking Questions Explain that changing
a head into a question helps students
anticipate the ideas, facts, and events they are
about to read.
Answers
Sample questions and answers: What are
physical properties of matter? (Physical
properties are characteristics that can be
observed without changing one substance
into another.) What is the evidence for
chemical reactions? (The evidence for
chemical reactions is the formation of new
substances and changes in energy.)
Teaching Resources

• Transparency L16

• matter • chemistry
• physical property
• chemical property
• physical change
• chemical reaction • precipitate
• endothermic reaction
• exothermic reaction

Target Reading Skill
Asking Questions Before you
read, preview the red headings. In
a graphic organizer like the one
below, ask a what or how question
for each heading. As you read,
write the answers to your
questions.
Properties and Changes of Matter
Question

Answer

What are physical
properties of
matter?

Physical
properties
are . . .

What Happens When Chemicals React?
1. Put on your safety goggles. Place 2 small spoonfuls of baking
soda into a clear plastic cup.
2. Holding the cup over a large bowl or sink, add about 125 mL
of vinegar. Swirl the cup gently.
3. Look at the material in the cup. What changes do you see?
Feel the outside of the cup. What do you notice about the
temperature?
4. Carefully fan the air above the liquid toward you. What do
you smell?
Think It Over
Observing What changes did you detect using your senses of
smell and touch?

Picture yourself toasting marshmallows over a campfire. You
see the burning logs change from a hard solid to a soft pile of
ash. You hear popping and hissing sounds from the fire as
the wood burns. You smell smoke. You feel the heat on your
skin. Finally, you taste the results. The crisp brown surface of
the toasted marshmallow tastes quite different from the soft
white surface of a marshmallow just out of its bag. Firewood,
skin, and marshmallows are all examples of matter. Matter
is anything that has mass and takes up space. The study of matter and how matter changes is called chemistry.

Preteach
Build Background
Knowledge

L2

Changes in Matter
Invite volunteers to name some changes in
matter with which they are familiar. Prompt
students by suggesting rusting bicycle chains,
growing plants, burning candles, melting ice,
or other familiar changes. Record students’
responses on the board. You may want to
leave the responses on the board and refer to
them as students work through the section.
Tell students that in this section they will
read more about changes in matter like the
changes listed on the board.

Chemical change can 
lead to a treat.

L1
Skills Focus Observing
Materials safety goggles, spoon, baking
soda, clear plastic cup, white vinegar, large
bowl or sink
Time 10 minutes
Tips Demonstrate how to fan the air
above the liquid in order to smell it. Tell
students not to taste the mixture.

Expected Outcome The mixture will
fizz, the contents of the cup will become
cooler, and the vinegar smell will
disappear.
Think It Over Students may say that they
could hear the mixture fizzing, feel the
cup become cooler, and no longer smell
vinegar.

Properties and Changes of Matter

Instruct

Part of studying matter is describing it. When you describe
matter, you explain its characteristics, or properties, and how
it changes. Matter can be described in terms of two kinds
of properties—physical properties and chemical properties.
Changes in matter can be described in terms of physical
changes and chemical changes.

Properties and Changes
of Matter
Teach Key Concepts

Properties of Matter A physical property is a characteris-

tic of a substance that can be observed without changing the
substance into another substance. The temperature at which a
solid melts is a physical property. For example, ice melts at a
temperature of zero degrees Celsius. Color, hardness, texture,
shine, and flexibility are some other physical properties of
matter. The ability of a substance to dissolve in water and how
well it conducts heat and electricity are examples of still more
physical properties of matter.
A chemical property is a characteristic of a substance that
describes its ability to change into other substances. To observe
the chemical properties of a substance, you must change it to
another substance. For example, when magnesium burns, it
combines with oxygen in the air, forming a new substance
called magnesium oxide. People who make objects out of
magnesium must be careful because the metal can catch fire.
Burning is only one type of chemical property. Other examples
of chemical properties are tarnishing and rusting.

FIGURE 1
Properties of Water
This geyser gives off hot water
and water vapor, which condenses
into a visible cloud in the cold air.
The temperatures at which water
boils and freezes are physical
properties of water.
Predicting How will the snow
change when spring arrives?

Chemical Properties of Water
• Made of hydrogen atoms and
oxygen atoms in a 2 to 1 ratio
• Does not burn
• Reacts with some metals

L2

Physical and Chemical Properties
Focus Introduce physical and chemical
properties of matter.
Teach Have students read the boldface
sentences and the sentences defining physical
property and chemical property. Then, on
the board list some physical properties, such
as color and heat conductivity, and some
chemical properties, such as chemical makeup and reactivity. Point out the examples of
physical and chemical properties of water in
Figure 1. Ask: Is the freezing point of water
a physical or chemical property? (Physical
property) Is the ability of water to rust some
metals a physical or chemical property?
(Chemical property)
Extend Explain that physical properties of
matter depend on chemical properties. For
example, the boiling point of water depends
on the chemical make-up of water molecules
and the attraction of water molecules for
each other. learning modality: verbal

Independent Practice

L2

Teaching Resources

• Guided Reading and Study Worksheet:
Observing Chemical Change
Student Edition on Audio CD
Physical Properties of Water
• Clear, colorless liquid at
room temperature
• Boils at 100°C
• Freezes at 0°C

Differentiated Instruction
L1
English Learners/Beginning
Comprehension: Prior Knowledge
Describe examples of physical and
chemical changes with which students are
likely to be familiar. For example, say that
breaking a raw egg yolk with a fork is a
physical change, whereas cooking the egg
yolk until it is hard is a chemical change.

learning modality: verbal

English Learners/Intermediate L2
Vocabulary: Writing Have students
write the section’s key terms in sentences.
Tell them to base their sentences on the
information in the boldface sentences and
sentences in which boldface terms appear.
Show them how by doing the first key term
with them. learning modality: verbal

Monitor Progress

L2

Oral Presentation Name some properties
of matter, and call on students to state
whether they are physical or chemical
properties.
Answer
Figure 1 When spring arrives, the snow will
melt and become liquid water.

Address Misconceptions

L1

Changes of State
Focus Students may think that certain
physical changes of state are chemical
changes, not physical changes, because the
changes appear to be so significant.
Teach Identify some physical changes
involving a change of state, such as solid iron
changing to molten iron and liquid water
changing to water vapor. Explain that the
physical changes can be reversed to return
the substances to their original state.
Apply Ask: How can molten iron be
returned to a solid state? (It can be cooled.)
learning modality: verbal

Demonstrating Differences
in Compounds

Physical Change
You can flatten and pull
on a marshmallow but
its composition will stay
the same.

FIGURE 2
Changes in Matter
Matter can undergo both physical
change and chemical change.

Changes of Matter You probably have seen solid water
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Materials 2 small pieces of dark fabric,
hydrogen peroxide, water, plastic dropper
Time 10 minutes
Focus State that some chemical changes
result in the same elements combining in
different ways to make new compounds with
dissimilar properties.
Teach Explain that both water and hydrogen
peroxide are made of oxygen and hydrogen,
but the elements are combined
in different ratios: H2O for water and H2O2
for hydrogen peroxide. Show students the
two pieces of fabric. On one, place a few
drops of water. On the other, place a few
drops of hydrogen peroxide. After
30 minutes, ask students to observe each
piece of fabric. Ask: What evidence is there
that hydrogen peroxide and water are
different compounds? (They have different
properties: hydrogen peroxide bleaches fabric,
water does not.)
Apply Challenge students to identify
differences between other compounds with
the same elements in different proportions,
such as carbon monoxide (CO) and carbon
dioxide (CO2). learning modality: visual

Chemical Change
If you toast a marshmallow, the
sugars and other substances will
cook or burn, producing a crust
made of new substances.

Classifying
Classify each of the following
changes as either a chemical
change or a physical change.
Explain your reasoning for
each case.
• A piece of metal is heated
to a high temperature
and changes to a liquid.
• When two solutions are
poured into the same
container, a powdery solid
forms and settles to the
bottom.
• Water left in a dish overnight has disappeared by
the next day.
• A blacksmith hammers a
piece of red-hot iron into
the shape of a knife
blade.

(ice) change to liquid water. Water is the same substance,
whether it is frozen or liquid. Therefore, changing from a solid
to a liquid is a physical change. A physical change is any
change that alters the form or appearance of a substance but
that does not make the substance into another substance. You
cause a physical change when you squash a marshmallow. The
shape of the marshmallow changes but not the taste! It’s still
made of the same compounds that have the same properties.
Other examples of physical changes are bending, crushing,
breaking, cutting, and anything else that changes only the
shape or form of matter. Braiding your hair is another example
of a physical change.
Sometimes when a change occurs in a substance, the substance itself is changed. For example, the brown crust on a
toasted marshmallow is the result of sugar changing to different substances in a mixture called caramel. A change in matter
that produces one or more new substances is a chemical
change, or chemical reaction. The burning of gasoline in a
car’s engine is a chemical change. The new substances formed
end up as the car’s exhaust.

L2
Skills Focus Classifying
Time 10 minutes
Tip Have students read the definitions of
physical change and chemical reaction on
this page before they begin the activity.
Expected Outcome Students are
expected to classify all but the second
change as physical, because the changes

What kind of change occurs when you toast the
outside of a marshmallow?

involve altering only the form of a
substance. The second change produces a
new substance (the powdery solid), so it
should be classified as a chemical change.
Extend Ask students to explain how or
if the physical changes could be reversed
to return the substances to their original
form. learning modality: verbal

Bonding and Chemical Change Chemical changes occur
when bonds break and new bonds form. As a result, new substances are produced. In Chapter 1, you read that atoms form
bonds when they share or transfer electrons. The reaction pictured in Figure 3 involves both the breaking of shared bonds
and a transfer of electrons.
Oxygen gas (O2) in the air consists of molecules made of
two oxygen atoms that share electrons. These bonds are broken
when oxygen reacts with magnesium metal (Mg). Each magnesium atom transfers two of its electrons to an oxygen atom.
The oxygen atom becomes a negative ion, and the magnesium
atom becomes a positive ion.
You can probably guess what happens next. From
Chapter 1, you may recall that oppositely charged ions attract.
An ionic bond forms between the Mg2+ ions and the O2– ions.
The ionic compound magnesium oxide (MgO) is produced,
and energy is released. Magnesium oxide—a white, crumbly
powder—has properties that differ from those of either shiny
magnesium or oxygen gas. For example, while magnesium
melts at about 650°C, it takes temperatures of more than
2,800°C to melt magnesium oxide!

For: Links on chemical
changes
Visit: www.SciLinks.org
Web Code: scn-1221

For: Links on chemical changes
Visit: www.SciLinks.org
Web Code: scn-1221

Download a worksheet that will guide students’ review
of Internet sources on chemical changes.

Use Visuals: Figure 3

Bonding and Chemical Change
Focus Use Figure 3 to illustrate how bonds
break and new bonds form in a chemical
change.
Teach Point out that a chemical change
occurs when bonds form between atoms or
when bonds break and new bonds form. Call
students’ attention to Figure 3. Ask: What
chemical change is shown in the figure?
(Burning of magnesium) What bonds break
in this chemical change? (Covalent bonds
between oxygen atoms in oxygen molecules)
What new bonds form? (Ionic bonds between
magnesium ions and oxygen ions)
Apply Explain that iron combines with
oxygen in a similar way as magnesium,
except the reaction with iron is much slower.
Ask: What new substance do you think is
produced when iron and oxygen combine?
(Iron oxide, or rust) learning modality:

FIGURE 3
Bonding and Chemical Change
As magnesium burns, bonds
between atoms break and new
bonds form. The reaction gives off
energy. Interpreting Diagrams
Why does the oxygen ion have a
2– charge?

1 Oxygen bonds break.
Each oxygen
atom can accept
two electrons.

An oxygen
molecule has a
double bond.

O O

Bond
breaks

O

+
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O

visual

Teaching Resources
 Magnesium and
oxygen react.

 Magnesium oxide
forms.

2 Magnesium and oxygen combine.

An ionic bond forms
between the oppositely
charged ions.

A magnesium atom loses two
electrons to an oxygen atom.
Oppositely charged ions form.

Mg

+

• Transparency L17
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O
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Differentiated Instruction

Monitor Progress

Less Proficient Readers
Relating Text and Figures Have
students use Figure 3 to help them
understand how oxygen and magnesium
bond. As they read this page, tell them to
find diagrams or pictures in the figure that
illustrate what they are reading. learning

Gifted and Talented
Inferring Point out that the formation
of magnesium oxide in Figure 3 releases
energy. Challenge students to use what
they know about covalent and ionic bonds
to explain why energy is released in this
chemical reaction. learning modality:

modality: visual

logical/mathematical

L1

L3

L2

Writing Have students explain how physical
and chemical changes differ.
Answers
Figure 3 The oxygen ion has a 2− charge
because it gains two electrons from
magnesium.
When you toast the outside
of a marshmallow, a
chemical change occurs.

Evidence for Chemical Reactions

Evidence for Chemical
Reactions
Teach Key Concepts

Look at the photograph on pages 44–45. Even without reading
the caption, you probably could guess it shows a chemical reaction. But how do you know? How can you tell when a chemical
reaction occurs? Chemical reactions involve two main kinds
of changes that you can observe—formation of new substances
and changes in energy.

L2

Observable Chemical Changes
Focus Introduce the two main types of
observable chemical change, and have
students apply the concepts to the reaction
between magnesium and oxygen.
Teach Read the boldface sentence on this
page. On the board, list the two main types
of observable chemical change: Formation
of New Substances, Changes in Energy.
State that these two types of change provide
evidence that chemical reactions have
occurred.
Apply Remind students of the chemical
reaction between magnesium and oxygen,
shown in Figure 3. Ask: What new
substance was formed in that reaction?
(Magnesium oxide) What change in energy
could be observed? (The flame produced
when magnesium burned provides evidence
that energy was released.) learning

Changes in Properties One way to detect chemical reactions is to observe changes in the properties of the materials
involved. Changes in properties result when new substances
form. What kinds of changes should you look for? Look at
Figure 4. First, a color change may signal that a new substance has formed. Second, a solid may appear when two
solutions are mixed. A solid that forms from solution during
a chemical reaction is called a precipitate (pree SIP uh tayt).
FIGURE 4

Evidence for Chemical
Reactions
Many kinds of change provide evidence
that a chemical reaction has occurred.
Applying Concepts What other evidence
might tell you a chemical reaction has
occurred?

modality: verbal

Use Visuals: Figure 4
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Evidence for Chemical Reactions
Focus Guide students in identifying
evidence for chemical change in Figure 4.
Teach Have students look at the figure
and read the caption and labels. Ask: What
evidence is there in a green leaf that
chemical reactions in the leaf produce
chlorophyll? (The leaf turns a darker shade
of green.) Besides changes in color, what are
some other clues, based on the figure, that
a chemical change has occurred? (Sample
answer: Formation of a precipitate, changes
in texture, production of gas bubbles)
Apply Challenge students to think of other
examples of observable chemical change.
(Sample answer: A colored fabric fading in the
sunlight, leaves turning red in the fall, a hard
raw potato becoming soft and fluffy when it is
baked) learning modality: visual

Two clear liquids react, 
forming a precipitate.

 The light green leaves of early
spring slowly turn darker as
chemical reactions in the leaves
produce more of the green
compound chlorophyll.

Third, a gas might be produced from solids or liquids. If the
reaction occurs in a liquid, you may see the gas as bubbles.
Finally, other kinds of observable changes in properties can
also signal a chemical reaction. For example, moist bread
dough forms a dry, porous solid after baking.
Although you may observe a property change in matter, the
change does not always indicate that a chemical reaction has
taken place. Sometimes physical changes give similar results.
For example, when water boils, the gas bubbles you see are
made of molecules of water, just as the original liquid was. The
sign of a chemical reaction is that one or more new substances
are produced. For example, when an electric current is passed
through water during electrolysis, two gases are produced,
hydrogen gas (H2) and oxygen gas (O2).
How is a precipitate evidence for a chemical
reaction?

A golden loaf of bread with its
crunchy crust has very different
properties from the soft dough
that went into the oven. 

Mostly Cloudy
1. Put on your safety goggles
and apron.
2. Pour about 5 mL of
limewater into a plastic
cup.
3. Pour an equal amount of
plain water into another
plastic cup.
4. Add about 5 mL of
carbonated water to each
of the cups.
Drawing Conclusions In
which cup do you think a
chemical reaction occurred?
What evidence supports your
conclusion?

Oxygen bubbles that form
during photosynthesis collect
on the leaves of a plant. 

Observing Chemical Changes

L2

Materials photochromatic eyeglasses
Time 5 minutes
Focus Demonstrate how photochromatic
eyeglasses darken due to chemical changes
that occur when they are exposed to
sunlight.
Teach Show students the glasses before they
have been exposed to sunlight. Then, place
the glasses in bright natural light and have
students observe as the lenses darken.
Explain that tiny crystals of silver chloride
and copper chloride are embedded in the
glass. The silver chloride bonds break when
bright light strikes them, and the chlorine
and silver ions become chlorine and silver
atoms. The presence of ordinary silver in
the glass causes it to darken. When the light
is no longer bright, copper ions convert the
chlorine back to chloride ions and silver
chloride ionic compounds form again.
Demonstrate by removing the glasses from
bright light and letting them lighten again.
Apply Ask: When the glasses darken, what
new substances are formed? (Chlorine and
silver atoms) How do you know the new
substances have formed? (The presence
of silver atoms causes the glass to darken.)
learning modality: visual

Monitor Progress

L2
Skills Focus Drawing conclusions
Materials safety goggles, lab apron,
limewater, 2 plastic cups, tap water,
carbonated water
Time 10 minutes
Tips To make limewater, dissolve solid
lime (calcium hydroxide, available at
garden centers) in water until no more
solid will dissolve. Filter the solution.

CAUTION: Wear safety goggles and lab apron.
Expected Outcome A chemical reaction
occurs in the limewater cup. The evidence is
a white precipitate (calcium carbonate).
Extend Ask: How do you know that a
reaction did not occur in the cup of tap
water? (There is no evidence of a reaction
in the tap water.) learning modality:
logical/mathematical

L2

Oral Presentation Call on students to state
types of evidence for chemical reactions. Call
on other students to describe examples of
each type.
Answers
Figure 4 Other evidence might include
changes in properties such as heat
conductivity or reactivity.
A precipitate is evidence for
a chemical reaction because
it shows that a new substance has formed.

L1

Build Vocabulary: Word/Part Analysis
Write the terms endothermic and exothermic
on the board. Draw vertical lines to divide
each word into its prefix and root. Explain
that endo- means “in” and that exo- means
“out.” State that -thermic refers to heat. Ask:
Based on the meanings of the word parts,
what does endothermic mean? (Sample
answer: Heat in) What does exothermic
mean? (Sample answer: Heat out) Explain
that an endothermic reaction is a reaction
in which heat or other energy is absorbed,
and an exothermic reaction is a reaction in
which heat or other energy is released.

Math Skill Interpreting graphs
Focus Guide students in analyzing
temperature data to determine whether
a reaction is endothermic or exothermic.
Teach Have students read the problem
and study the graph. Remind them of the
meanings of endothermic and exothermic.
Check that students understand how the
graph relates to the experiment by asking:
What does time zero on the graph
represent? (The time at which the two
substances were placed together in the flask
and began to react)
Answers
1. At 4 minutes, the temperature in the
flask was about 23°C. The first time the
temperature was 6°C was at about
7 minutes.
2. 20°C
3. The reaction was endothermic, because it
absorbed thermal energy from the reaction
mixture, causing the temperature to drop.
4. The reaction stopped at about 2°C.
You can tell because that is the lowest
temperature reached.
5. If the temperature increased instead, the
reaction would be exothermic, because an
exothermic reaction is one in which energy
is released.
Teaching Resources

• Transparency L18

FIGURE 5
An Endothermic Reaction
Energy must be added continuously to fry an
egg. Making Generalizations In terms of
energy, what kind of reaction usually occurs
when food is cooked?

Energy can change egg
whites from a clear liquid
into a white solid.

Changes in Energy From your everyday experience, you know about various types of energy, such as
heat, light, and electricity. As matter changes, it can
either absorb or release energy. A change in energy
occurs during a chemical reaction. Some reactions
absorb energy, while others release energy. One common indication that energy has been absorbed or
released is a change in temperature.
If you did the Discover activity, you observed
that the mixture became colder. When baking soda
(sodium bicarbonate) reacts with vinegar, the reaction takes heat from the solution, making it feel
cooler. This kind of reaction is an example of
an endothermic reaction. An endothermic reaction
(en doh THUR mik) is a reaction in which energy is
absorbed. However, endothermic reactions do not
always result in a decrease in temperature. Many
endothermic reactions occur only when heat is constantly added. For example, the reactions that occur
when you fry an egg are endothermic.

Energy of a Chemical Reaction
40

Energy in Chemical Changes
A student places two substances in a ﬂask and
measures the temperature once per minute
while the substances react. The student plots
the time and temperature data and creates
the graph at right.
1. Reading Graphs What was the temperature
in the ﬂask at 4 minutes? When was the ﬁrst
time the temperature was 6°C?
2. Calculating How many degrees did the
temperature drop between 2 minutes and
5 minutes?
3. Interpreting Data Is the reaction
endothermic or exothermic? Explain.
4. Inferring At what temperature did the
reaction stop? How can you tell?

35

Temperature (˚C)

Help Students Read

30
25
20
15
10
5
0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time (minutes)

5. Drawing Conclusions Suppose the
temperature in the ﬂask increased instead
of decreased as the reaction occurred. In
terms of energy, what kind of reaction
would it be? Explain.

Monitor Progress
FIGURE 6
An Exothermic Reaction
Enough energy is released by the
burning of airplane fuel to keep a
plane moving fast enough to ﬂy.

L2

Answers
Figure 5 An endothermic reaction
An endothermic reaction is a
reaction in which energy is
absorbed.

Assess
In contrast, the reaction between fuel and oxygen in an
airplane engine releases energy, mostly in the form of heat.
The heat causes gases in the engine to expand. The expansion
and movement of the gases out of the plane exerts a force that
moves the plane forward. A reaction that releases energy in the
form of heat is called an exothermic reaction (ek soh THUR
mik). You will learn more about energy and chemical changes
in Section 3.
What is an endothermic reaction?

1

Section 1 Assessment

Target Reading Skill Asking Questions Use
the answers to questions you wrote about the
headings to help you answer the questions below.
Reviewing Key Concepts
1. a. Explaining What is the difference between

the physical properties and the chemical
properties of a substance?
b. Posing Questions When silver coins are
found in ancient shipwrecks, they are coated
with a black crust. What question could you
ask to help you decide whether the silver
underwent a chemical change or a physical
change? Explain.
c. Making Generalizations In terms of
chemical bonds and electrons, what kinds of
changes occur between atoms when
substances undergo chemical reactions?

2. a. Listing What are five kinds of evidence you

can use to determine if a chemical reaction has
occurred?
b. Interpreting Photographs How do the
properties of the cooked egg shown in
Figure 5 differ from the properties of a
raw egg?
c. Comparing and Contrasting How are
endothermic and exothermic reactions the
same? How are they different?

Persuasive Letter Imagine you have a pen
pal who is studying chemistry just like you are.
Your pen pal claims the change from liquid
water to water vapor is a chemical change.
Write a brief letter that might convince your
pen pal otherwise.

Reviewing Key Concepts
1. a. Physical properties are those that can
be observed without changing the substance
into another substance. Chemical properties
are those that can be observed only when
the substance is changed into another
substance. b. You could ask whether the
black crust is a new substance formed from
silver and water. If it is, then the silver
underwent a chemical change, because a
chemical change produces new substances.
c. Chemical bonds form between atoms that
share, gain, or lose electrons, or bonds break
and new bonds form.
2. a. Change in color, formation of a
precipitate, production of gas bubbles,
change in texture or other observable
properties, and change in energy b. The
cooked egg is solid, whereas a raw egg is
liquid. The white of the cooked egg is white
rather than clear, and the cooked yolk is
lighter in color than the raw yolk. c. In
both types of reactions, new substances are
formed and there are changes in energy.
However, endothermic reactions absorb
energy, whereas exothermic reactions
release energy.

Reteach

L1

Change the boldface sentences into
questions, and call on students to answer
them.

Performance Assessment

L2

Skills Check Have students create a graphic
organizer showing causes of and evidence for
chemical changes.
Teaching Resources

Keep Students on Track Guide
students in developing a design in which a tin
can is capped with the top half of a plastic
bottle that has the same circumference as the
can. Remind students to make an airtight seal
between the can and bottle. They can check
by blowing into the top of the bottle and
listening for escaping air.

Writing Mode Persuasion
Scoring Rubric
4 Exceeds criteria; letter is detailed and
convincing
3 Meets criteria
2 Letter is too brief and/or contains some
errors
1 Letter includes a very brief description
and/or contains serious errors

• Section Summary: Observing Chemical
Change
• Review and Reinforce: Observing Chemical
Change
• Enrich: Observing Chemical Change

Where’s the Evidence?

Where’s the Evidence?
Prepare for Inquiry

L2

Key Concept
There is often visible evidence that a
chemical reaction has taken place. Students
will observe different types of evidence of
chemical reactions.
Skills Objective
After this lab, students will be able to
• observe evidence of chemical reactions
• predict how substances will react when
they are mixed
• draw conclusions about whether chemical
reactions have occurred
Prep Time 60 minutes
Class Time 40 minutes

Advance Planning
• Prepare copper sulfate solution by
dissolving 25 g of Cu SO4·5H2O in 1 L
of water.
• Prepare sodium carbonate solution by
dissolving 13 g of Na2CO3·H2O in 1 L
of water.
• Prepare 1.0 M HCl solution by carefully
adding 83 mL of concentrated HCl into
enough water to make 1,000 mL of
solution. CAUTION: Always add acid to
water, never the other way around. Pour
the dilute HCl into individual dropper
bottles for student use.

Problem

PART 1

What are some signs that a chemical reaction has
taken place?

1. Put a pea-sized pile of sodium carbonate into
a clean plastic cup. Record in the data table
the appearance of the sodium carbonate.

Skills Focus

2. Observe a dropper containing hydrochloric
acid. Record the appearance of the acid.
CAUTION: Hydrochloric acid can burn you or
anything else it touches. Wash spills immediately with water.

observing, predicting, drawing conclusions

Materials
• 4 small plastic cups
• birthday candles
• 2 plastic spoons
• sugar
• tongs
• clay
• matches
• sodium carbonate (powdered solid)
• graduated cylinder, 10 mL
• aluminum foil, about 10-cm square
• dilute hydrochloric acid in a dropper bottle
• copper sulfate solution
• sodium carbonate solution

3. Make a prediction about how you think the
acid and the sodium carbonate will react
when mixed. Record your prediction.
4. Add about 10 drops of hydrochloric acid to
the sodium carbonate. Swirl to mix the contents of the cup. Record your observations.

PART 2
5. Fold up the sides of the aluminum foil square
to make a small tray.
6. Use a plastic spoon to place a pea-sized pile
of sugar into the tray.

Procedure
Preview the steps for each reaction and copy the
data table into your notebook.

7. Carefully describe the appearance of the
sugar in your data table.

Data Table
Reaction

Observations
Before Reaction

Predictions

Observations
During Reaction

Observations
After Reaction

1. Sodium carbonate
(powder) +
hydrochloric acid
2. Sugar + heat
3. Copper sulfate +
sodium carbonate
solutions

Safety
Caution students not to mix or burn any
materials except as directed in the procedure.
Fire safety should be reviewed before
students perform Part 2. Instruct students
how to safely light the candle. Review the
safety guidelines in Appendix A.
Teaching Resources

• Lab Worksheet: Where’s the Evidence?

Guide Inquiry
Invitation
Review the difference between a physical
change and a chemical change. Ask students
to list observations they might make that a
chemical change has occurred.

Introduce the Procedure
Have students read through the procedure,
and answer any questions. Tell them they
will be observing three different reactions
and concluding from their observations
whether or not the reactions are chemical
changes. Stress the importance of carefully
making and recording observations.

Expected Outcome
In Part 1, sodium carbonate and
hydrochloric acid react to produce carbon
dioxide gas. In Part 2, sugar melts and
then decomposes into pure carbon and
water vapor. In Part 3, the solutions of
copper sulfate and sodium carbonate react
to produce copper carbonate (a green
precipitate).

8. Secure a small candle on your desktop in a
lump of clay. Carefully light the candle with a
match only after being instructed to do so by
your teacher. CAUTION: Tie back long hair
and loose clothing.
9. Predict what you think will happen if you
heat the sugar. Record your prediction.
10. Use tongs to hold the aluminum tray. Heat
the sugar slowly by moving the tray gently
back and forth over the ﬂame. Make observations while the sugar is heating.
11. When you think there is no longer a chemical
reaction occurring, blow out the candle.
12. Allow the tray to cool for a few seconds and
set it down on your desk. Record your observations of the material left in the tray.

PART 3
13. Put about 2 mL of copper sulfate solution in
one cup. CAUTION: Copper sulfate is poisonous and can stain your skin and clothes. Do
not touch it or get it in your mouth. Put an
equal amount of sodium carbonate solution
in another cup. Record the appearance of
both liquids.
14. Write a prediction of what you think will
happen when the two solutions are mixed.
15. Combine the two solutions and record your
observations. CAUTION: Dispose of the
solutions as directed by your teacher.
16. Wash your hands when you have ﬁnished
working.

Analyze and Conclude
1. Predicting How do the results of each
reaction compare with your predictions?
2. Observing How did you know when the
reaction in Part 1 was over?

3. Interpreting Data What was the evidence of
a chemical reaction in Part 1? In Part 2?
4. Drawing Conclusions Was the reaction in
Part 2 endothermic or exothermic? Explain.
5. Observing Was the product of the reaction
in Part 3 a solid, a liquid, or a gas? How do
you know?
6. Drawing Conclusions How do you know if
new substances were formed in each reaction?
7. Communicating Make a table or chart
brieﬂy describing each chemical change in
this lab, followed by the evidence for the
chemical change.

More to Explore
Use your observation skills to ﬁnd evidence of
chemical reactions involving foods in your
kitchen. Look for production of gases, color
changes, and formation of precipitates. Share
your ﬁndings with your classmates.

Analyze and Conclude
1. Accept all well-explained, logical answers
relating predictions to observations.
2. Students may suggest that there was no
more bubbling or vapor.
3. The evidence in Part 1 was the production
of gas bubbles. The evidence in Part 2 was
the production of a black, crusty solid.
4. The reaction was endothermic, because
heat energy from the candle was needed to
make it occur.
5. The product of the reaction in Part 3 was
a solid. You know because a visible, green
precipitate was produced.
6. You know that new substances were
formed because properties such as color and
solubility changed in the reactions.
7. Students’ charts or tables should describe
their observations for the three reactions and
interpret the observations to determine
evidence of chemical change.

Extend Inquiry
More to Explore Sample answers: An egg
white changes color and texture as the egg
is fried. Meat changes color as it is cooked.
A cake rises as gas is released inside during
baking.

Troubleshooting the Experiment
• In Part 1, students will probably refer to
the bubbles as air bubbles. Remind them
that not all gases are air and bubbles may
be caused by other gases.
• In Part 2, students must pay close
attention so they do not miss the melting
of the sugar before the chemical reaction
begins. They will probably say that
“smoke” is produced. It is actually water
vapor produced by the decomposition
of the sugar. The solid product is pure
carbon.
• In Part 3, the green color of the copper
carbonate precipitate may be difficult
to see in the blue copper sulfate solution.
Point it out to students if they do not
see it.

