
Take a Look Inside This is an 
image of a chemical that is inside the 
body, liquid crystalline DNA. Some 
chemists have to understand both 
the living world and the chemical 
world to be the best at their jobs.
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1840
Mercury is discovered in the 
Santa Cruz Mountains of Califor-
nia; makes an amalgam with 
gold that makes gold easier to 
find and recover; later found 
dangerous to environment. 

1777
Antoine-
Laurent 
Lavoisier 
confirms law 
of conserva-
tion of mass.

3,000 Years Ago
People in Africa are 
known for their iron 
products made by 
smelting iron ore and 
charcoal at high heat. 

c. 1880
Hilaire de Char-
donnet acciden-
tally discovers 
artificial silk fibers.

1868
The University of Cali-
fornia, the oldest public 
university in California, 
is founded in Oakland; 
moves to Berkeley in 
1873.

Chemical 
Interactions

1880
The University of 
Southern California 
is founded.

185018001750A.D. 1700 1900
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1930s
Linus Pauling at the California 
Institute of Technology deter-
mines how atoms link up to 
form molecules in both living 
and nonliving systems.

1940
Peter Debye develops 
a light-scattering 
method to measure 
the molecular weight 
of large polymers.

November 2005
California scientists at Lawrence Livermore 
National Laboratory and the University of 
California at Los Angeles show how new 
optical tools can be used to study the pro-
tein folding that can lead to nerve diseases. 

 1996
The U.S. Food and 
Drug Administration 
approves use of poly-
mer wafer implants in 
the treatment of 
brain cancer.

1920 1960 1980 2000 20201940

To learn more about chemists and 
their work, visit .

Interactive Time Line To learn more about 
these events and others, visit                                .

2002
John B. Fenn, Koichi Tanaka, 
and Kurt Wüthrich share the 
Nobel Prize for Chemistry for 
developing ways to identify 
and analyze the structure 
of macromolecules. 

ca8.msscience.com
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Chemical Reactions

 The use of air bags has saved many lives. The inflation of 
the air bag can be compared to popping microwave popcorn. A solid material 
in the air bag explodes in a chemical reaction, creating a gas. The gas causes 
the volume of the air bag to expand rapidly. 

 Write three questions you would like to ask a chemist 
about air bags.

A Life Saved!A Life Saved!
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In chemical reactions, 
atoms rearrange to form 
one or more different 
substances.

LESSON 1
Chemical Properties 
and Changes

 In a chemi-
cal change, the proper-
ties that give a substance 
its identity change.

LESSON 2
Chemical Equations

 Chemical 
equations show that in 
chemical reactions, 
atoms rearrange, but no 
atoms are lost or gained.

LESSON 3
Energy and Chemical 
Change

 In chemical 
reactions, energy is 
either absorbed or 
released.

3.b, 3.f, 5.b

3.f, 5.a, 7.c

5.c, 9.a, 9.e
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Can you see a chemical 
reaction taking place?

In chemical reactions, 
substances combine to 
make new products with 
different properties. 
What changes can you 
observe in this reaction?

Procedure 
1. Complete a lab safety form.

2. Put 50 mL of water into a beaker or glass.

3. Add 2 g of alum.

4. Add 10 mL of ammonia.

5. Observe for 5 min without moving the 
glass.

Think About This  
• Describe what the starting materials 

looked like.

• Compare the material after the reaction 
to the starting materials.

• List evidence that a chemical reaction 
occurred.

Visit        to:

▶ ▶ view

▶ ▶ explore Virtual Labs

▶ ▶ access content-related Web links

▶ ▶ take the Standards Check

 STEP 1 Fold  a sheet of paper in half 
lengthwise. Make the back edge about 2 cm 
longer than the front edge.

 

 STEP 2 Fold  in half again.

 

 STEP 3 Unfold  the paper once. Cut along 
the fold of the top flap to make two flaps.

 

 STEP 4 Label  the flaps as shown.

 

Chemical Reactions 
Make the following Foldable 
to organize the similarities 
and differences of chemical 
reactions.

Comparing and Contrasting 
As you read this chapter, record similarities 
and differences between exothermic and 
endothermic reactions.

ca8.msscience.com

5.a
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Learn It! A cause is the reason some-
thing happens. The result of what happens is called an 
effect. Learning to identify causes and effects helps you 
understand why things happen. By using graphic orga-
nizers, you can sort and analyze causes and effects as 
you read.

Practice It! Read the following para-
graph. Then use the graphic organizer below to show 
what happened when a chemical change occurs.

Effect Effect Effect

Cause

A chemical change is the change of one or more 
substances into other substances. In a chemical 
change, atoms rearrange and form one or more new 
substances. They do this by breaking bonds and 
forming new ones. When paper burns, the new 
substances that are produced—ash, carbon dioxide, 
and water—can’t be turned back into paper. The 
burning of paper is a chemical change. 

—from page 341

GetGet  ReadyReady  toto  ReadRead
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Identify Cause and Effect

Apply It! As you read the chap-
ter, be aware of causes and effects of chemical 
changes. Find five causes and their effects.



 9  In an exothermic reaction, the products have less 
energy than the reactants.

 1  In physical and chemical changes, the identity of a 
substance changes.

 2 The boiling of water is a physical change.

 3 Physical and chemical changes are not reversible.

 4  A molecule contains two or more atoms bonded 
together.

 5  In chemical reactions, atoms rearrange to form one 
or more new substances.

 6  To balance a chemical equation, it might be necessary 
to add coefficients and subscripts.

 7  A chemical equation must have the same number and 
kinds of atoms in the reactants and products.

 8 Energy is always released in a chemical reaction.

Target Your Reading
Use this to focus on the main ideas as you read the chapter.

1  Before you read the chapter, respond to the statements 
below on your worksheet or on a numbered sheet of paper.

• Write an A if you agree with the statement.

• Write a D if you disagree with the statement.

2  After you read the chapter, look back to this page to see if 
you’ve changed your mind about any of the statements.

• If any of your answers changed, explain why.

• Change any false statements into true statements.

• Use your revised statements as a study guide.

Before You Read
A or D

Statement After You Read
A or D
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Graphic organizers such as 

the cause-effect organizer 

help you organize what you 

are reading so you can 

remember it later.

Print a worksheet of
this page at
 .ca8.msscience.com
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LESSON 1

Figure 1 A 
spectacular 
reaction occurs 
when potassium 
metal is dropped 
into water.

Describe any evi-
dence you observe 
that a chemical 
change is occurring.
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Reading Guide

What You’ll Learn

▼ Define chemical change.

▼ Distinguish between 
chemical and physical 
change.

▼ Identify examples of 
chemical and physical 
change.

Why It’s Important
You can recognize a chemical 
reaction if you can 
distinguish between chemical 
and physical changes.

Vocabulary
chemical property 
chemical change 
dissolving 

Review Vocabulary
physical property: any 
characteristic of a 
material that can be 
observed without 
changing the identity of 
the material itself (p. 313)

Chemical Properties 
and Changes

In a chemical change, the properties that give a 
substance its identity change. 

Real-World Reading Connection You take the first drink 
from your glass of milk. It tastes bad—the milk is sour. What 
kind of change occurred in the milk? 

Ability to Change
You use the properties of matter to identify objects and 

substances. For example, you can determine whether a white 
substance in your kitchen is salt or sugar by tasting it. Gold 
and silver are different colors. Paper burns readily. Iron does 
not burn.

The properties of substances are either physical or chemical. 
Recall that a physical property is any characteristic of a sub-
stance that can be observed without changing the identity of the 
substance. Taste and color are physical properties. A chemical 
property is the ability or inability of a substance to combine 
with or change into one or more new substances. Flammability, 
or the ability to burn, is a chemical property. Figure 1 shows a 
chemical property of potassium—it reacts with water.

  Science Content 
Standards

3.f Students know how to use the periodic 
table to identify elements in simple 
compounds. 
5.a Students know reactant atoms and 

molecules interact to form products with 
different chemical properties.
7.c Students know substances can be 

classified by their properties, including their 
melting temperature, density, hardness, and 
thermal and electrical conductivity.





Figure 2 Iron is mag-
netic, but the red-brown 
iron oxide that forms 
when iron rusts is not.

Table 1 Chemical Properties of Common 
Substances

Substance Chemical Property

Silver tarnishes from sulfur in foods

Hydrogen flammable; burns in air

Carbon dioxide nonflammable

Aluminum reacts with acid
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Chemical Properties 
You may be surprised at how often you observe chemical prop-

erties. For example, paper burns. A sliced apple turns brown in air. 
A car, abandoned outside, slowly rusts. These are chemical proper-
ties. To observe a chemical property, the substance undergoing the 
change must be converted into one or more different substances. 
After burning, the paper no longer exists. It has changed into ash 
and gases. When the iron in an abandoned car rusts, a new sub-
stance, iron oxide, is formed. Figure 2 shows that iron oxide is a 
different substance with properties different from iron. Notice that 
the iron nail is attracted to a magnet. Iron has the physical prop-
erty of magnetism. When the nail rusts, red-brown iron oxide 
forms on its surface. Iron oxide is not attracted to the magnet 
because it does not have iron’s magnetic property.

 
Identify a physical property and a chemical property 
of iron.

A chemical property also can describe the conditions under 
which a substance will not change identity. For example, a chemi-
cal property of helium gas is that it does not burn. Gold and plati-
num, if left outdoors, will not corrode. Copper and silver do not 
react with water. Table 1 lists several chemical properties. 




Figure 3 The reddish color of copper 
distinguishes it from silver-colored 
aluminum. Both metals are malleable.

Table 2 Physical Properties of Familiar Substances

Substance Physical Property

Water boils at 100°C

Silver good electrical conductor

Table salt, NaCl melts at 801°C

Diamond extremely hard

Baking soda, NaHCO3 white crystalline powder

Mercury liquid at room temperature

340 Chapter 8 • Chemical Reactions

Physical Properties 
If you were asked to describe yourself, you might include your 

hair and eye color. You also might mention your height and the 
length of your hair. These characteristics are some of your 
physical properties. They can be observed without changing you. 
In Figure 3, you can tell by their color which objects are made of 
copper and which are made of aluminum. Color is a physical 
property you can use to distinguish copper from aluminum. 

What is a physical property?

Notice that both metals are formed into various shapes. Mallea-
bility (mal yuh BIH luh tee) is the ability of a metal to be ham-
mered or rolled into shapes. Copper and aluminum are used in 
cookware because of two other physical properties. Both metals 
conduct heat well and have high melting points. Conductivity 
(kahn duk TIH vuh tee) allows the transfer of heat from the 
burner to the food. A high melting point of the metal means the 
pans will not melt from the heat of the stove. Table 2 lists physical 
properties of common substances.

WORD ORIGIN
conduct
 from Latin conducere; means to 
bring together
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Chemical and Physical Changes
When a substance changes, its properties change. When ice 

melts, the solid water becomes liquid. When iron rusts, the metal 
becomes a powdery red compound. You grow taller; the food you 
eat is digested and becomes part of your body. In these changes, 
physical properties change. With some substances, chemical 
properties also change. For example, iron that has rusted is no 
longer iron. It is a new substance, iron oxide, which has properties 
that are different from iron. The food you eat is changed in the 
digestion process. It becomes part of the substances that make 
up your body tissues. These changes are different from physical 
changes, such as the melting of ice. Solid water and liquid water 
are the same substance before and after melting —both are water. 
Iron and iron oxide are not the same substances.

Chemical Changes—Not Easily Reversed
How can you distinguish between physical and chemical 

changes? Many physical changes, such as the melting of ice, can be 
reversed. Ice can melt and then refreeze. Chemical changes gener-
ally are not easily reversed. A chemical change is the change of 
one or more substances into other substances. In a chemical 
change, atoms rearrange and form one or more new substances. 
They do this by breaking bonds and forming new ones. When 
paper burns, the new substances that are produced—ash, carbon 
dioxide, and water—can’t be turned back into paper. The burning 
of paper is a chemical change. Figure 4 shows another chemical 
change. Vinegar is added to baking soda. The mixture foams as 
carbon dioxide gas bubbles out. This change can’t be reversed. You 
will read more about this chemical change later in the chapter. 

 Figure 4 What evidence can you observe that shows 
that a chemical change is occurring?

ACADEMIC VOCABULARY
compound (KAHM 
pownd)
(noun) something that is 
formed by a union of ele-
ments, ingredients, or parts 
Salt is a compound made from 
sodium and chlorine.

Figure 4 Vinegar 
and baking soda 
combine to form new 
substances. One is 
carbon dioxide gas.

Materials Chemical Change
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Forming New Substances 
In one type of chemical change, a compound is decomposed 

into its elements. In Figure 5, electricity is used to break the chem-
ical bonds that join hydrogen and oxygen in water molecules. 
Hydrogen gas and oxygen gas are produced and captured in the 
test tubes. 

In another type of chemical change, two elements join to form a 
compound. Recall that sodium chloride is composed of sodium 
and chlorine. Figure 6 shows that sodium is a soft, silvery metal. 
Sodium and potassium are in the same group on the periodic 
table. Elements in the same group have similar properties, so the 
reactivity of sodium is similar to that of potassium. Recall the vig-
orous reaction of potassium and water shown in Figure 1. Sodium 
metal and chlorine gas also react vigorously when they are mixed 
together. The result is white crystals of sodium chloride, as shown 
in Figure 6. The toxic elements, sodium and chlorine, combine to 
form a compound that we eat on our food. All chemical changes 
produce substances that are different from the starting substances.

Sodium Chlorine Gas Table Salt

Figure 5 Electrical energy is 
needed to decompose water into 
hydrogen gas and oxygen gas.

Infer from the volumes of the two prod-
uct gases whether water contains equal 
numbers of hydrgen and oxygen atoms.

Figure 6 The properties of sodium chloride are completely different from 
the properties of the elements it contains.

+

Sodium




Figure 8 The liquid solder flows 
around and between the wires and 
seals them together when it hardens.

Physical Changes 
You have read how chemical changes differ from physical 

changes. Recall that a physical change is a change in which the 
properties of a substance change but the identity of the substance 
remains the same. For example, when water boils, liquid water 
turns into water vapor. The water molecules do not break apart 
into hydrogen atoms and oxygen atoms, as they do in a chemical 
change. Instead, the water molecules remain intact, but they move 
farther apart, forming a gas.

When water in the gas phase cools, liquid water forms again. 
Changes of state are reversible. Recall that physical changes, but 
not chemical changes, usually are reversible. Therefore, changes of 
state are physical changes. Other substances also undergo revers-
ible changes of state. Solder (SAH dur) is a mixture of metals used 
to connect wires on circuit boards, as shown in Figure 8. Solder is 
heated to change it from a solid to a liquid. After the liquid is 
dropped onto the wires, it cools and changes back to a solid. There 
is no change in the composition of the solder.

 
What evidence can you give that a change of state is 
a physical change?

Dissolving  
Dissolving sugar in water is another example of a physical 

change. Dissolving is a process in which substances mix evenly 
with one another. If sugar is dissolved in water, can you get the 
sugar back? Yes, when you evaporate the water, the sugar is 
unchanged, so dissolving is a physical process. The ionic salt, 
sodium chloride, breaks up into ions when it dissolves in water. But 
when the water is evaporated, the solid salt is recovered unchanged. 
You will read more about dissolving substances in Chapter 9.

H2O(liquid) + heat → H2O(gas) 

Figure 7 Matter 
can change from one 
state to another when 
thermal energy is 
released or absorbed.

  Chemical Properties and Changes 343




LESSON 1 Review
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Chemical Properties and Changes
If a substance undergoes a change but can be recovered with its 

properties unchanged, the process is a physical change. A further 
clue to physical changes is that they are reversible. Melting, boil-
ing, and dissolving are physical changes. 

In a chemical change, atoms are rearranged. Clues, such as for-
mation of bubbles and formation of solids in liquids, are helpful 
signs that a chemical change has taken place. The substances you 
have at the beginning of the change have different physical and 
chemical properties from those substances you have at the end.

Science nline
For more practice, visit Standards 
Check at  .

Summarize
Create your own lesson sum-
mary as you write a script for 
a television news report. 

1. Review the text after the 
red main headings and 
write one sentence about 
each. These are the head-
lines of your broadcast. 

2. Review the text and write 
2–3 sentences about each 
blue subheading. These 
sentences should tell who, 
what, when, where, and 
why information about 
each red heading.

3. Include descriptive details 
in your report, such as 
names of reporters and 
local places and events.

4. Present your news report 
to other classmates alone 
or with a team.

ca8.msscience.com

Property Changes
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Standards Check

Using Vocabulary

1. Distinguish between a chemi-
cal property and a chemical 
change. 5.a

2.      occurs when salt is 
evenly mixed with water.  5.d

Understanding Main Ideas

3. Which is a chemical change?

A. dissolving sugar in water

B. breaking a bone 

C. heating a copper pan 
in the oven 

D. frying an egg 5.a

4. List two physical changes and 
two chemical changes. 5.a

5. Explain how you know 
that gasoline burning in a 
car engine is a chemical 
change.  5.a

6. Apply Two clear, colorless 
liquids are poured together. 
A bright yellow solid forms. 
What physical properties 
have changed?  7.c

7. Compare Copy and fill in the 
graphic organizer below and 
compare physical change and 
chemical change.  5.a, 5.d

 

Applying Science

8. Hypothesize  Why might a 
bright-yellow solid form when 
two clear, colorless liquids are 
mixed?  5.a

9. Assess the following evidence 
to decide whether a chemical 
change has occurred. A 
student heated a yellow solid. 
The solid melted and turned 
red. When the solid cooled, 
it returned to its original 
yellow color.  5.d

ELA8: LS 2.1
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How can you tell a 
chemical change from 
a physical change?

What is the difference between a 
chemical and a physical change? In 
this activity you will observe a 
variety of changes and record your 
observations and thoughts about 
the changes.

Procedure
1. Copy the table into your Science 

Journal.

2. Complete the table as your 
teacher performs the changes.

Analysis 
1. List  any pieces of evidence that 

a chemical reaction occurred.

2. Identify  some key words that 
let you know a change is 
chemical. Are there key words 
that let you know a change is 
physical?

 Data Table

Change or Reaction Chemical or 
Physical 
Change? How 
do you know?

Burning wood or paper

Breaking a match

Striking a match

Burning magnesium

Shaving magnesium

Making foil into a ball

Placing zinc metal in copper 
nitrate solution

Melting ice

Burning a candle

Hammering copper metal

 
Science Content Standards

5.a  Students know reactant atoms and molecules interact to form products with different 
chemical properties.
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Reading Guide

What You’ll Learn

▼ Distinguish among 
elements, compounds, and 
molecules.

▼ Determine how a chemical 
reaction satisfies the law of 
conservation of mass.

▼ Write a balanced chemical 
equation.

▼ Identify common chemical 
reactions.

Why It’s Important 
Chemical equations are the 
language of chemistry.

Vocabulary
law of conservation of mass
reactant
product
diatomic molecule
coefficient

Review Vocabulary
molecule: a neutral particle 
in which atoms share 
electrons (p. 219)

Chemical Equations
Chemical equations show that in chemical reac-

tions, atoms rearrange, but no atoms are lost or gained. 

Real-World Reading Connection Magicians can make a rab-
bit appear out of a hat and a person disappear from a box. You 
might be amazed, but you know that the rabbit has not come 
from nowhere, and the person is not gone. In chemical reac-
tions, substances might seem to appear or disappear. But careful 
observations show that the same amount of matter is present 
after the reaction as before. 

Is matter conserved in 
chemical reactions?

Chemical reaction is another name for chemical change. 
Recall that a chemical change is a change of one or more sub-
stances into other substances. In all chemical reactions, the 
amount of matter is the same before and after the change takes 
place. Another way to say this is that mass is conserved. In a 
chemical reaction, bonds between atoms break and new bonds 
form. The atoms rearrange. The illustration in Figure 9 repre-
sents atoms as boxes linked together. The two types of atoms 
have different masses. The figure shows that after the reaction, 
the atoms are linked in different ways. But no atoms are lost, 
and no atoms are gained. Use the key to determine the total 
mass of the boxes before the reaction. Then find the total mass 
of the boxes after the reaction.

 Figure 9 Is the total mass the same after the 
rearrangement as it was before?

Figure 9 Mass and atoms are 
conserved in chemical reactions.

  Science Content 
Standards

3.b Students know that compounds are 
formed by combining two or more different 
elements and that compounds have 
properties that are different from their 
constituent elements. 

3.f Students know how to use the periodic 
table to identify elements in simple 
compounds. 
5.b Students know the idea of atoms 

explains the conservation of matter: In 
chemical reactions the number of atoms 
stays the same no matter how they are 
arranged, so their total mass stays the same.





Lesson 2 • Chemical Equations 347

Antoine Lavoisier 
Chemist Antoine Lavoisier (AN twan • luh VWAH see ay) 

(1743–1794) is given credit for showing that mass is conserved in 
chemical reactions. Figure 10 shows Lavoisier’s laboratory and a 
balance similar to the one he invented. The balance allowed him 
to make more precise measurements than had been possible 
before. In a series of experiments, he measured the mass of materi-
als before and after a chemical reaction. In one experiment, 
Lavoisier put tin into a closed container. He measured the mass of 
the container and its contents. Using a large lens to focus sunlight, 
he heated the tin. The tin changed in color and texture. Lavoisier 
knew this meant that a new substance, tin oxide, had formed. 
He measured the mass of the container and its contents a second 
time. The mass before the reaction was the same as the mass after 
the reaction.

 
What important data did Lavoisier obtain from his 
experiment?

Conservation of Mass 
Lavoisier repeated his experiment using other materials. In 

all cases, the mass at the start of the reaction was the same as the 
mass at the end. His results supported the law of conservation of 
mass. The law of conservation of mass states that the total mass 
before a chemical reaction is the same as the total mass after the 
reaction. 

Recall that atoms have definite masses. Thus, it is not surprising 
that there is no mass change in a chemical reaction. Atoms simply 
rearrange. No atoms are lost or gained.

ACADEMIC VOCABULARY
precise
(adjective) exact 
What is the precise time of 
the concert?

Figure 10 Antoine 
Lavoisier is known as the 
father of modern chemistry. 
He used a precise balance 
to measure the masses of 
the reactants and products 
in his experiments.
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 Data Table

Measurement Mass (g)

Mass of water, bottle, 
and cap

Mass of tablet

Mass of water, bottle, 
cap, and tablet

Mass of bottle, cap, 
and contents after tablet 
dissolves, before 
opening cap

Mass of bottle, cap, and 
contents after opening 
the cap

What are the bubbles you see 
when you open a can of soda? Are 
they made of anything, or are they 
made of nothing at all?

Data Collection 
1. Read and complete a lab safety 

form.

2. Copy the table into your Science 
Journal.

3. Put 100 mL of water in a plastic 
soda bottle that has a screw-
on cap.

4. Measure and record the mass of the 
bottle, cap, and water. 

5. Measure and record the mass of an 
effervescent tablet.

6. Drop the tablet into the bottle and quickly screw the cap on 
tightly. Shake the bottle until the tablet dissolves.

7. Measure and record the mass of the capped bottle and its contents.

8. Remove the cap from the bottle and agitate the contents until all 
the bubbles are gone. Measure and record the mass of the bottle, 
its contents, and the cap.

Data Analysis 
1. Compare  the mass of the bottle before and after opening the cap. 

Do the bubbles have mass? How much?

2. Identify  what you think makes up the bubbles.

3. Explain  how this reaction follows the law of conservation of mass.

 
Science Content Standards

5.b  Students know the idea of atoms explains the conservation of matter: In chemical reactions the 
number of atoms stays the same no matter how they are arranged, so their total mass stays 
the same.

Where does the tablet go?



Lesson 2 • Chemical Equations 349

How do you write a 
chemical equation?

A chemical equation is a convenient way to describe what hap-
pens in a chemical reaction. In chemical equations, the reactants 
are written on the left side of an arrow pointing to the right. 
Reactants are the starting materials in a chemical reaction. If there 
is more than one, they are separated by plus signs. The arrow is 
read as “produces.” The products are written on the right side of 
the arrow. Products are the new substances that are formed. Plus 
signs are also used to separate the products if there are more than 
one. In the Lavoisier experiment, tin and oxygen are the reactants. 
Tin oxide is the product. The reaction is written as:

 tin  �  oxygen gas  →  tin oxide
 reactants produce product

The equation reads “tin plus oxygen gas produces tin oxide.” 

Word Equations 
The equation for the reaction of tin with oxygen is an example 

of a word equation. Another example is the burning of charcoal on 
a grill, as shown in Figure 11. The carbon in the charcoal reacts 
with oxygen from the air to produce carbon dioxide gas. The word 
equation for the reaction is:

carbon � oxygen → carbon dioxide

Later in this section you will learn how to write this as a chemical 
equation.

Recall the reaction of baking soda and vinegar. Baking soda is 
the compound sodium hydrogen carbonate. Acetic acid is the part 
of vinegar that reacts with the baking soda. The products of this 
reaction are water, carbon dioxide, and sodium acetate. The reac-
tion is described by this word equation:

sodium hydrogen carbonate � acetic acid →
water � carbon dioxide � sodium acetate

 
What are the products of the reaction of sodium 
hydrogen carbonate and acetic acid?

Word equations have limitations. They can be long and they 
do not show that mass is conserved. As you will see later in this 
lesson, chemical equations, written with chemical symbols, are 
shorter. They also provide more information.

Figure 11 In addition to 
the product, carbon diox-
ide, the burning of char-
coal produces energy to 
cook food.

SCIENCE USE V. COMMON USE 
reaction
Science Use a change in 
which one or more substances 
are changed into different 
substances. A reaction between 
two elements produced a new 
substance. 
Common Use a response to a 
situation or treatment. What 
was her reaction when she 
heard the good news?
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Table 3 Diatomic Elements

Element Hydrogen Nitrogen Oxygen Fluorine Chlorine Bromine Iodine

Formula H2 N2 O2 F2 Cl2 Br2 I2

Figure 12 Some elements exist as 
molecules. Molecules with two or 
more different elements are also called 
compounds. Ionic compounds are 
called formula units.
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Elements, Compounds, and Molecules  
Instead of writing long word equations, chemists 

use symbols to represent elements. Elements consist of 
one kind of atom. Remember that you can find the 
symbols for the elements on the periodic table. For 
example, iron is Fe, hydrogen is H, and helium is He.

Formulas Formulas are used to represent molecules 
and ionic compounds. A molecule is a neutral particle 
in which atoms share electrons. Molecules may be ele-
ments or compounds. If the atoms in a molecule are 
the same, the molecule is an element. Both oxygen gas 
and hydrogen gas are molecules. Hydrogen gas has the 
symbol H2. Oxygen gas is represented by O2. These 
molecules are diatomic. The prefix di– means “two.” 
A diatomic molecule is a molecule that contains two 
atoms. Table 3 lists the elements that normally exist as 
diatomic molecules. You should use these formulas 
when you write chemical equations. 

When is a molecule also an element?

Compounds Molecules composed of two or more 
different atoms are compounds. Water, H2O, is both a 
molecule and a covalent compound. The atoms in 
water share electrons. Sodium chloride, NaCl, is an 
ionic compound. The formula, NaCl, represents one 
formula unit of sodium chloride. A formula unit is 
defined as the smallest whole-number ratio of the 
elements in an ionic compound. Figure 12 shows 
examples of elements, compounds, and molecules. It 
is important to know the meanings of these terms. 
When you write chemical equations, you must use the 
correct formulas and symbols.

Elements

Compounds/Molecules

Compounds

Compounds/Formula Units
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Chemical Equations 
You now can put together what you know and write the chemi-

cal equation for the burning of charcoal. Carbon and oxygen react 
to form carbon dioxide. Carbon (charcoal) and oxygen are the 
reactants. The product is carbon dioxide. Using the periodic table, 
find the symbol for carbon, which is C. In Table 3, note that oxy-
gen has the diatomic formula, O2. The formula for carbon dioxide 
is CO2. Now, write the symbol and formula for the reactants. Place 
a plus sign between them. After the reactants, place an arrow 
pointing to the right. Write the formula for carbon dioxide to the 
right of the arrow. Your equation should look like this:

C � O2 → CO2

Read the plus sign as “reacts with.” Read the arrow as “pro-
duces.” The equation states that one atom of carbon reacts with 
one molecule of oxygen and produces one molecule of carbon 
dioxide.

Figure 13 shows another equation in which the reactant, sodium 
chloride, decomposes. Notice that the reaction produces the ele-
ments sodium and chlorine. Continue to read to find out why the 
number 2 is placed in front of NaCl and Na. 

How do you balance a 
chemical equation?

Lavoisier showed experimentally that in chemical reactions, mass 
is neither lost nor gained. The same is true for chemical equations. 
Balancing an equation means showing the same number of the 
same kind of atom on both sides of the equation.

First, write the symbols and formulas for the reactants and prod-
ucts on the correct sides of the arrow. Make sure all are written 
correctly. Second, check for balance by counting the number of 
each kind of atom. Compare the number of each kind of atom in 
the reactants with the number of that kind of atom in the products.

Figure 13 The illustration, 
the word equation, and the 
chemical equation show that 
mass is neither gained nor lost. 

Categorize each substance in the 
equation as element, compound, 
molecule, or formula unit.




Table 4 Comparison of 
Coefficients and Subscripts

Formula Meaning Number 
of 

Atoms

H2O Two 
hydrogen 
atoms and 
one oxygen 
atom

2H2O Four 
hydrogen 
atoms and 
two oxygen 
atoms

H2O2 Two 
hydrogen 
atoms and 
two oxygen 
atoms
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Counting Atoms
When counting atoms, it’s important to 

know the difference between subscripts and 
coefficients.

Subscripts Recall that the small number 
below and to the right of a symbol in a chemi-
cal formula is a subscript. A subscript tells how 
many atoms of an element are contained in 
one molecule or formula unit. In the molecule 
methane, CH4, hydrogen’s subscript is four. 
Carbon has no subscript. When an element 
has no subscript, the subscript is assumed to 
be one. A molecule of methane has one carbon 
atom and four hydrogen atoms. Figure 14 
shows the formulas and compositions of meth-
ane and ammonia. In counting atoms, it’s 
important to write the correct formulas and 
know the meaning of subscripts.

Coefficients Recall the number 2 that is 
placed before NaCl and Na in the equation in 
Figure 13. Numbers that are written in front of 
a symbol or a formula in a chemical equation 
are called coefficients. A coefficient tells how 
many atoms, molecules, or formula units take 
part in the reaction. In Figure 13, two formula 
units of NaCl (2NaCl) decomposed, and two 
atoms of Na (2Na) were formed along with one 
molecule of Cl2. 

The expression 3H2 means that three mole-
cules of hydrogen take part in a chemical reac-
tion. To find out how many hydrogen atoms 
are in 3H2, multiply the subscript 2 by the 
coefficient 3. There are six hydrogen atoms in 
3H2. The difference between a subscript and a 
coefficient is shown in Table 4.

Water and hydrogen peroxide differ by a 
subscript. If you add the subscript 2 to oxygen 
in the formula for water, the new formula rep-
resents a completely different substance. 
Changing subscripts changes the identity of 
the compound. 

 
Explain the difference between 
a subscript and a coefficient.

Figure 14 Formulas show how 
many of each kind of atom are in a 
molecule or compound.

Interactive Table Organize information about 
coefficients and subscripts at ca8.msscience.com.

http://ca8.msscience.com
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Writing Balanced Equations
Is the equation for the burning of charcoal balanced? 

C � O2 → CO2

Count the atoms. It’s easy to see that one carbon atom and two 
oxygen atoms are on each side of the equation. The equation is 
balanced. Sometimes it is not as easy to tell whether an equation is 
balanced. 

Recall the illustration in Figure 5 that shows water decomposing 
when an electric current passes through it. 

H2O → H2 � O2

 reactant, H2O products, H2 � O2

 2 hydrogen atoms 2 hydrogen atoms
 1 oxygen atom 2 oxygen atoms

Notice that more oxygen atoms are on the right. To balance the 
equation, two oxygen atoms are needed on the left. Place the coef-
ficient 2 in front of H2O. Now there are two molecules of H2O. 

2H2O → H2 � O2

 reactant, 2H2O products, H2 � O2

 4 hydrogen atoms 2 hydrogen atoms
 2 oxygen atoms 2 oxygen atoms

The reaction still is not balanced. Four hydrogen atoms are on 
the left and only two on the right. Put the coefficient 2 in front of 
H2 on the product side. Does that balance the equation?

2H2O → 2H2 � O2 
 reactant, 2H2O products, 2H2 � O2

 4 hydrogen atoms 4 hydrogen atoms
 2 oxygen atoms 2 oxygen atoms

The equation is now balanced. 

WORD ORIGIN
hydrogen
 hydr– from Greek hydros; 
means water
 –gene from French; means 
producing
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Equations for Common 
Chemical Reactions

What are the steps in balancing an equation? First, write the 
correct symbols and formulas. Second, count atoms on both sides 
of the equation. Third, place coefficients in front of the symbols 
and formulas to balance the numbers of atoms. Remember that 
subscripts cannot be changed. Doing so would change the identity 
of the substance.

Reaction of Methane 
Natural gas, the fuel used in many home furnaces and kitchen 

stoves, is mostly methane, CH4. Methane reacts with oxygen in the 
air to form carbon dioxide and water.

CH4 � O2 → CO2 � H2O

Is this equation balanced? You need to count the atoms to find 
out. It is a good idea to count the oxygen atoms last, because oxy-
gen occurs in both products. Begin with carbon. The number of 
carbon atoms is the same on both sides of the arrow. Now, count 
the hydrogen atoms. There are four hydrogen atoms on the left, 
but only two on the right. Put the coefficient 2 in front of H2O. 
This makes 2 � 2, or 4 hydrogen atoms, so the number of hydro-
gen atoms is the same on both sides. 

CH4 � O2 → CO2 � 2H2O

Four oxygen atoms are on the right. Two are in the CO2 
molecule and two are in the H2O molecules. Only two oxygen 
atoms are on the left. To balance the oxygen atoms, put the 
coefficient 2 in front of O2. 

CH4 � 2O2 → CO2 � 2H2O
 reactants, CH4 + 2O2 products, CO2 + 2H2O
 1 carbon atom 1 carbon atom
 4 hydrogen atoms 4 hydrogen atoms
 4 oxygen atoms 4 oxygen atoms

The count shows that the equation is balanced.




Figure 15 These foods are rich in the 
element calcium, which your body needs 
for growing bones and sound teeth.

Lesson 2 • Chemical Equations 355

Baking Soda and Vinegar 
Remember the reaction of vinegar with baking soda? The word 

equation is: baking soda, or sodium hydrogen carbonate, reacts 
with acetic acid in vinegar to produce carbon dioxide, water, and 
sodium acetate. The chemical equation is written this way:

NaHCO3 � HC2H3O2 → CO2 � H2O � NaC2H3O2

The formulas for reactants and products are written correctly. 
Now check for atom balance.

 Reactants Products
 1 atom of sodium 1 atom of sodium
 5 atoms of hydrogen 5 atoms of hydrogen
 3 atoms of carbon 3 atoms of carbon
 5 atoms of oxygen 5 atoms of oxygen

Atoms of each element are present in equal numbers on both 
sides of the arrow. The equation is balanced as written.

Using Parentheses with Formulas 
Calcium, Ca, plays an important role in building strong bones 

and teeth. Figure 15 shows some of the foods that are a source of 
calcium in your diet. This Group 2 element reacts with water to 
produce calcium hydroxide, Ca(OH)2, and hydrogen gas, H2. 

Ca � H2O → Ca(OH)2 � H2

When you count atoms inside parentheses, the subscript follow-
ing the parentheses multiplies all atoms inside. A total of two oxy-
gen atoms and two hydrogen atoms are in Ca(OH)2. A total of 
four atoms of hydrogen are on the right side of the equation. To 
balance the hydrogen atoms on the left, put the coefficient 2 in 
front of H2O. 

Ca � 2H2O → Ca(OH)2 � H2

Now the equation is balanced.
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Summarizing Balancing Equations 
As you write and balance your own equations, use the following 

steps as a guide.

Step 1  Determine the correct symbols and formulas for the reac-
tants and products. 

Step 2  Write reactant symbols and formulas to the left of an 
arrow and product symbols and formulas to the right. 

Step 3  Count the number of each kind of atom on both sides. 

Step 4  Use coefficients to make the number of each kind of atom 
the same on both sides of the arrow. 

Step 5  Check to see that each kind of atom balances.

Science nline
For more practice, visit Standards 
Check at  .

Summarize
Create your own lesson 
summary as you organize 
an outline. 

1. Scan the lesson. Find and 
list the first red main 
heading.

2. Review the text after 
the heading and list 2–3 
details about the heading.

3. Find and list each blue 
subheading that follows 
the red main heading.

4. List 2–3 details, key terms, 
and definitions under 
each blue subheading.

5. Review additional red 
main headings and their 
supporting blue subhead-
ings. List 2–3 details about 
each.

ca8.msscience.com

Standards Check

Using Vocabulary

1. In your own words, write a 3.b
definition of diatomic molecule.

2. Use the word coefficient in a 
sentence. 5.b

Understanding Main Ideas

3. How is the substance sodium 
chloride, NaCl, defined?

A. an element 3.b
B. a compound

C. a molecule and a 
compound

D. a diatomic molecule

4. Identify which substances are 
reactants and which are prod-
ucts in this equation:  5.b
NaOH � HCl → NaCl � H2O.

5. Explain how mass is con-
served when a candle burns.

6. Relate balancing an equation 
to the law of conservation of 
mass. 5.b

7. Determine the number 
of each kind of atom in 
2P2O3. 3.b

Applying Science

8. Organize Information 
Copy and fill in the graphic 
organizer below to show all 
the steps in balancing a chem-
ical equation. 5.b

 
Step 1

Step 2

Step 3

9. Formulate a hypothesis 
about whether every balanced 
equation you could write 
would describe a reaction 
that could be carried out in 
the laboratory. 5.b

10. Solve Balance the following 
chemical equations.  5.b

A. Ag � H2S → Ag2S � H2

B. Fe � O2 → Fe3O4

C. H2 � N2 → NH3  

D. Al2O3 → Al � O2

ELA8: R 2.3
5.b

http://ca8.msscience.com
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Can you model the 
burning of methane?

When materials burn, they are reactants in a chemical reaction. In order for materials to 
burn, oxygen is needed. What are the products? How are they related to the reactants?

Procedure 
1. Read and complete a lab safety form.

2. Observe the flame as your teacher lights the Bunsen burner.

3. Write your observations in your Science Journal.

4. The equation below is for the burning of methane. Copy it into your Science Journal.
 CH4 � 2O2 → CO2 � 2H2O

5. Write the names for the reactants and products under the formulas.

6. Use a molecular model kit to build models of the reactants and products in the equa-
tion. Draw the models in your Science Journal.

Analysis 
1. Copy and complete the table. Decide whether the equation is balanced.

 

Number of Atoms

Reactants Products

C: C:

H: H:

O: O:

2. Identify the physical properties of each product and reactant.

3. Plan a way to test whether water vapor is produced by the reaction.

 
Science Content Standards

3.b  Students know that compounds are formed by combining two or more different elements and that compounds have 
properties that are different from their constituent elements.
5.b  Students know the idea of atoms explains the conservation of matter: In chemical reactions the number of atoms stays the same no 

matter how they are arranged, so their total mass stays the same.
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Energy and 
Chemical Change

In chemical reactions, energy is either absorbed 
or released.

Real-World Reading Connection When you run fast, you 
get warm and perspire. This is a sign of a chemical reaction 
going on in your body. In your cells, molecules are being broken 
down to provide the energy you need. How does a chemical 
reaction generate energy?

Energy and Chemical Reactions
You have read that in chemical reactions, atoms rearrange 

to form products. The rearrangement of atoms involves some 
form of energy. In most cases, the energy is heat. Recall 
Figure 5, which shows the decomposition of water into hydro-
gen and oxygen. Electrical energy was used to break apart the 
water molecules. In explosive chemical reactions, such as those 
shown in Figure 16, other forms of energy are obvious. The fire-
works display and the rocket launch produce energy in the form 
of sound, light, heat, and the movement of matter.

Reading Guide

What You’ll Learn

▼ Compare and contrast  
endothermic and 
exothermic reactions.

▼ Identify forms of energy 
produced in a reaction.

Why It’s Important
Energy-producing reactions 
are important in heating or 
cooling your home, cooking 
your food, and moving you 
from place to place.

Vocabulary
law of conservation of 
 energy
exothermic process
endothermic process

Review Vocabulary
chemical bond: a force that 
holds atoms together in a 
compound (p. 220)

 A trail of hot gases 
from the rocket is evi-
dence of energy in the 
form of heat and 
movement of matter.

Figure 16 The light and 
sound of fireworks are two 
forms of released energy. 

  Science Content 
Standards

5.c Students know chemical reactions 
usually liberate heat or absorb heat.
9.a Plan and conduct a scientific 

investigation to test a hypothesis.
9.e Construct appropriate graphs from 

data and develop quantitative statements 
about the relationships between variables.
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Light from Chemical Reactions 
Some reactions give off light with almost no thermal energy, or 

heat. The light stick shown in Figure 17 is a plastic tube with a 
glass vial inside. When the plastic tube is bent, the glass vial 
breaks. This causes chemicals contained inside the tube and the 
vial to mix and react. When they react, the stick glows with cold 
light. Cold light occurs at room temperature. It is called cold light 
because its temperature is lower than the temperature of an incan-
descent light. You may have seen fireflies flash their beacons of 
cold light on summer nights. Many ocean-dwelling organisms, 
such as bacteria, jellies, and squid, also produce cold light. 
Figure 17 shows the colorful glow of a fire beetle. Some species 
use their light to find food or prey. Others use it for defense or 
communication. 

Conservation of Energy 
Where does the energy of explosive reactions and cold light 

come from? Energy is stored in the reacting molecules. The energy 
changes into other forms, such as light, heat, and sound. Just as 
mass is conserved in chemical reactions, so is energy. The law of 
conservation of energy states that energy is neither created nor 
destroyed in chemical reactions. The energy simply changes its 
form. The energy stored in gasoline is released when the gasoline is 
burned in a car engine. Part of the energy powers the engine. The 
rest of the energy heats the surroundings. Chemical reactions in 
batteries provide light energy in a flashlight, sound energy in a 
radio, and energy of motion in remote-controlled cars. Energy is 
conserved in all these examples.

Identify four types of energy.

WORD ORIGIN
thermal
 from Greek therme; means 
heat

Figure 17 Light sticks and 
many organisms, such as this fire 
beetle, use chemical reactions to 
give off cold light.
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Reaction progress

Reactants

Products

Activated complex

Activation
energy

CO2 � NO

CO � NO2

�
Energy

released
by reaction

En
er

gy

Figure 18 In this exothermic reaction, 
the reactants have more energy stored 
in their bonds than the products.
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Chemical Bonds
Your body needs energy to function. This energy comes from 

foods containing protein, fat, and carbohydrate molecules. These 
molecules have energy stored in their chemical bonds. Recall that 
chemical bonds hold atoms together in molecules and compounds. 
When you eat and digest proteins, fats, and carbohydrates, some of 
the energy stored in their chemical bonds is transferred to your 
cells. It keeps you warm. It provides the energy you need to grow, 
move, and think. The energy in all chemical reactions relates to 
chemical bonds.

Net Release of  Energy
When atoms rearrange in chemical reactions, bonds are broken 

and new bonds form. Breaking bonds requires energy. Forming 
bonds releases energy. There usually is a net change in energy in 
any chemical reaction. The net change in energy can be either a 
release of energy or the absorption of energy. If less energy is 
required to break the original bonds than is given off when new 
bonds form, there is a net release of energy. An exothermic pro-
cess releases energy. The released energy can be in forms such as 
light, sound, and heat. The products of an exothermic process have 
less energy than the reactants. Notice in the diagram in Figure 18 
that the reactants have a higher energy than the products. Did you 
know that an exothermic process occurs in athletic hot packs? 
When a hot pack is activated, the process that occurs releases heat 
to sooth sore muscles. Figure 19 on the next page describes some 
other ways in which energy is produced.

 Figure 18 Describe how energy changes as you go up 
the y-axis.

WORD ORIGIN
exothermic
 from Greek exo– (means out-
side) and therme (means heat)

ACADEMIC VOCABULARY
function (FUNK shun)
(verb) to be in action, to serve 
or operate He was to function 
as the official guide for our 
guest. 
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Visualizing Chemical Energy

Figure 19
Whatever the mode of transportation—car, truck, train, or plane—it’s likely that gaso-
line or diesel fuel from oil is the source of the energy that makes it go. Millions of bar-
rels of oil are used in the world each day. Oil was once an abundant resource, but 
supplies soon will begin to decline. To keep the world moving, it’s important not only 
to conserve oil, but to research and develop other sources of fuel.

▲

 Biomass is plant and animal 
material that can be processed into 
fuel. Crops, such as corn, can be 
grown specifically for the produc-
tion of ethanol, a fuel that can be 
mixed with gasoline. But ordinary 
waste materials—garbage—can be 
turned into fuel to run a car and 
heat or cool your home. Outside 
Sacramento, methane gas, a prod-
uct of the decomposition of vege-
table matter, is pumped from 
mounds of decomposing trash. 

▲ Fuel cells are devices that typically use 
hydrogen or methane to produce energy. 
Vehicles powered by hydrogen fuel cells 
are quiet and release only water into the 
environment.

▲

 Hybrid cars conserve gasoline by dividing 
the energy needs of an automobile between a 
gasoline engine and an electric motor powered 
by batteries. The batteries are charged by the 
engine while the gasoline engine is operating.

Contributed by National Geographic
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Reaction progress

Reactants

Products

Activated 
complex

CO2 � NO

CO � NO2

En
er

gy

Activation
energy Energy

absorbed
by reaction

�

Figure 20 In an endothermic process, the products have 
more energy than the reactants, because heat is absorbed.
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Net Absorption of  Energy
Sometimes, the energy required to break bonds is greater than 

the energy released when new bonds form. In these processes, 
there is a net absorption of energy. An endothermic process 
absorbs energy. If you hold an ice cube in your hand, it melts. 
The ice absorbs energy from your hand. This is not a chemical 
reaction. The product, liquid water, has more energy than the 
reactant, ice. The energy diagram in Figure 20 describes an endo-
thermic chemical reaction. Notice that the reactants are lower in 
energy than the products. That means that the reactants are more 
stable than the products.

The dissolving of the ionic salt, ammonium nitrate, in water is 
an endothermic process. If the salt is added to water in a beaker, 
the beaker of liquid becomes cold. This endothermic process is 
used in athletic cold packs, such as the one shown in Figure 21. 

 Figure 21 Explain why it’s necessary to squeeze the 
cold pack.

The decomposition of water is another endothermic reaction. 
Recall from Figure 5 that electrical energy must be supplied to 
cause the reaction to occur. The products hydrogen and oxygen 
are at a higher energy than the reactant water molecules. More 
energy is stored in their bonds than in the bonds of water mole-
cules. What happens when hydrogen and oxygen combine to form 
water? The same amount of energy is released in the formation of 
water as was absorbed in its decomposition.

 
Compare the energy needed to decompose water 
with the energy released when water forms.

WORD ORIGIN
endothermic
 from Greek endon– (means 
within) and therme (means 
heat)

Figure 21 The energy 
required for the cold-
pack process is drawn 
from the user.
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What role does energy play in 
chemical reactions?

Bonds must break and new bonds must form if atoms are to 
rearrange in a chemical reaction. Sometimes it takes more energy 
to break bonds in the reactants than is given back when new bonds 
form. In this case, the reaction is endothermic. Other times, less 
energy is needed to break bonds in the reactants than is given back 
when new bonds form. These reactions release energy, so they are 
exothermic. The released energy can appear in forms such as heat, 
light, sound, and movement of matter. In the next chapter, you 
will read about the reactions of substances called acids and bases.

LESSON 3 Review

Summarize
Create your own lesson 
summary as you write a 
newsletter. 

1. Write this lesson title, 
number, and page num-
bers at the top of a sheet 
of paper. 

2. Review the text after 
the red main headings 
and write one sentence 
about each. These will be 
the headlines of your 
newsletter. 

3. Review the text and write 
2–3 sentences about each 
blue subheading. These 
sentences should tell who, 
what, when, where, and 
why information about 
each headline.

4. Illustrate your newsletter 
with diagrams of impor-
tant structures and pro-
cesses next to each 
headline. 

Standards Check

ELA8: W 2.1

Using Vocabulary

1. Distinguish between exother-
mic and endothermic 
processes. 5.c

2. State, in your own words, the 
meaning of the law of conser-
vation of energy. 5.c

Understanding Main Ideas

3. Identify the reaction repre-
sented by the diagram as exo-
thermic or endothermic. 5.c

En
er

gy

4. What term is used to describe 
the “4” in the expression 4H2O?

A. coefficient

B. formula

C. subscript

D. symbol 5.c

5. Relate the net release of 
energy in a chemical reaction 
to bonds between atoms. 5.c  

6. Construct an energy diagram 
for the burning of charcoal: 
C � O2 → CO2. Include C, O2, 
and CO2 in your diagram. 5.c  

7. Organize Copy and fill in the 
graphic organizer below. In 
each oval, list different types 
of energy. 5.c

 

Applying Science  

8. Evaluate this statement: A 
reaction that produces cold 
light is endothermic. 5.c  

9. Decide what type of energy 
change is occurring when crys-
tals dissolve in water and the 
container gets hot. 5.c

Energy

Science nline
For more practice, visit Standards 
Check at  .ca8.msscience.com

http://ca8.msscience.com



364

How does temperature change 
as chemicals react?

Some chemical reactions create 
heat. Others draw heat from their 
surroundings. Hot packs and cold 
packs are examples of the two 
kinds of reactions. 

Data Collection

WARNING: Never stir with the 
thermometer. 
1. Read and complete a lab safety form. 

2. Create a data table like the one shown. 

3. Pour 50 mL of water in each of two beakers. Measure the tem-
perature of the water in each beaker with a thermometer. 

4. Add 25 g of calcium chloride to one beaker. Begin measuring 
the temperature immediately and record the temperature every 
15 s for 3 min. If you want to stir the mixture, use a stirring rod.

5. Add 25 g of ammonium nitrate to the other beaker. Begin 
measuring the temperature immediately and record the tem-
perature every 15 s for 3 min.

6. Continue to measure the temperature of the contents of each 
beaker every 3 min for 24 min. 

Data Analysis 
1. Create  a graph of temperature versus time for each reaction. 

2. Identify  which reaction is the hot pack reaction. Which reac-
tion is the cold pack reaction?

3. Analyze  your graphs to decide which reaction is exothermic 
and which is endothermic. 

 Data Table

Time Temperature (ºC)

Calcium 
Chloride 
Reaction

Ammonium 
Nitrate 

Reaction

 
Science Content Standards

5.c  Students know chemical reactions usually liberate heat or absorb heat.
9.e  Construct appropriate graphs from data and develop quantitative statements about the 

relationships between variables.

MA8: ALG 6.0



Calculate Change in Heat of a Reaction
Energy released or absorbed during a chemical reaction is equal to 
the difference between the potential energy of the products and the 
potential energy of the reactants. Scientists call this difference �H, 
or the change in the heat of the reaction. If �H is positive, the reac-
tion is endothermic and absorbs heat. If �H is negative, the reaction 
is exothermic and gives off heat. 

Example
If a reaction of CH4(g) � 2O2(g) → CO2(g) � 2H2O(l) has a potential 
energy of reactants of 122 kJ and potential energy of products of 
1,012 kJ, find �H. Is this an exothermic or endothermic reaction?

What you know:   Potential energy of reactants: 122 kJ
Potential energy of products: 1,012 kJ

What you need to find:  The difference between the potential 
energy of the products and the potential 
energy of the reactants, �H

Subtract: �H � potential energy of products —
 potential energy of reactants
 �H � 1,012 kJ � 122 kJ
 �H � 890 kJ

Answer:  �H for this reaction is 890 kJ. Because �H is positive, the 
reaction is endothermic. 

Practice Problems
1.  Is the reaction of CH4(g) � 2O2(g) → CO2(g) � 2H2O(l) 

exothermic or endothermic?

2.  What is �H for the reverse reaction of CH4(g) � 2O2(g) → 
CO2(g) � 2H2O(l)?

MA8: ALG 2.0

Science nline
For more math practice, 
visit Math Practice at 
ca8.msscience.com.
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Forensics:
Dirty Jewelry 

Problem
Rafir was cleaning the copper jewelry in his shop when suddenly a 
passerby had a heart attack on the sidewalk. Rafir rushed out to 
help the victim. When he returned to his shop, the jewelry had 
turned green. 

Rafir thought he must have done something incorrectly in the 
cleaning procedure. But in the excitement of the emergency, he 
couldn’t remember which step he might have left out. Rafir wrote 
down what he thought he did.
1. I washed the jewelry with soap and water.
2. I mixed an acid (I’m not sure whether it was lemon juice or 

vinegar) and some salt in water.
3. I put the jewelry into the mixture to soak. 
4. I took the jewelry out of the mixture and rinsed it in clean 

water.

Form a Hypothesis
After reviewing Rafir’s procedure, where do you think Rafir might 
have made a mistake?

Collect Data and Make Observations 

1. Read and complete a lab safety form.
2. Use copper pennies as a jewelry substitute.
3. Make a plan for tests that you will do to find out what Rafir’s 

mistake was. 
4. Write your procedure. Have your teacher approve your 

procedure.
5. Prepare a data table to record your observations.
6. Make sure your teacher approves your experiment before you 

begin.

Materials 
salt
lemon juice, lime juice,
 vinegar
water
dirty pennies
beaker
graduated cylinder
scoop

Safety Precautions 

WARNING: Copper in 
solution can be poisonous. 
Dispose of your solutions 
as your teacher tells you.

  Science Content 
Standards

5.a Students know reactant atoms and 
molecules interact to form products with 
different chemical properties.
9.a Students will plan and conduct a 

scientific investigation to test a 
hypothesis.

����
����

���	

��

���



  367

Analyze and Conclude 

1. Describe how well soap and water cleans the dirty pennies.
2. Explain how well lemon juice in water cleans pennies.
3. Describe how well salt water cleans pennies.
4. Identify what you think the dirt on the pennies was.
5. Identify the combination of chemicals that cleaned the pen-

nies best.
6. Explain Rafir’s mistake.
7. Evaluate any parts of your procedure that you feel did not go 

well. What could you do to improve the lab?
8. Critique What problem might arise with jewelry or money 

that was cleaned frequently by this method?

Communicate

Write a Pamphlet How do you think the knowledge you have 
gained in this lab applies to jewelry cleaning? Could you use your 
knowledge of household chemicals to clean old pieces of jewelry 
bought at flea markets? Write a short pamphlet to give to flea-
market sellers describing how to clean jewelry. 

ELA8: W 1.5
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Hazardous materials specialists are trained to 
manage dangerous materials and predict how 
these materials interact with air, fire, water, 
and other substances. During an emergency, 
they work with the fire department and other 
emergency response groups to contain 
chemical spills that threaten people or the 
environment. Personal protective equipment 
limits their exposure to dangerous chemicals.

Green Chemistry at Work

Hazardous Materials Specialist

When coal is burned to produce electricity, sulfur 
dioxide and nitrous oxide gases form. When these gases 
react with water and oxygen in the atmosphere, sulfuric 
and nitric acid forms. Today, some coal plants are using 
a new technology that limits sulfur and nitrogen pro-
duction. By producing less nitrogen and sulfur when 
burning coal, the amount of particulates in the atmo-
sphere is less, reducing the amount of pollution.

Visit TechnologyTechnology at ca8.msscience.com to 
research the Environmental Protection Agency’s 
Green Chemistry program. Write a paper describing 
the history and principles behind this program.

ELA8: W 1.1

Visit CareersCareers at ca8.msscience.com to 
research the properties of chemicals found 
in household products. Create a table to 
record and compare the data.

(t)Reuters/CORBIS, (b)Eric Kroll/Omni-Photo Communications

http://ca8.msscience.com
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Soft Drinks, 
Erasers, and More

A physical property of materials is helping 
an elite group of animals called “chem 
dogs” protect our country’s borders and 
airports. With noses highly sensitive to 
detecting odor, chem dogs are trained to 
sniff out concealed chemical weapons. 
These dogs learn to recognize gaseous 
molecules that come from chemicals such 
as hydrogen cyanide. When they detect an 
odor, the dogs alert their handlers, trace the 
odor to its source, and sit down in front of it.

Scientists and inventors like Joseph Priestley have used 
physical and chemical properties of substances to create 
useful materials. His peers of Benjamin Franklin and 
Antoine Lavoisier influenced Priestley. Priestley’s invention 
of “soda water” laid the foundation for soft drinks. He also 
discovered that the properties of a flexible solid called India 
gum. The gum rubs out pencil marks. Priestly’s eraser 
remains a commonly used tool today.

The Nose Knows

Visit SocietySociety at ca8.msscience.com to 
research the type of dog personality, 
characteristics, and training of detector 
dogs. Prepare and share a brief oral 
report describing what you learned.

Visit HistoryHistory at ca8.msscience.com to learn about 
other scientific discoveries and inventions of Joseph 
Priestley. Create a timeline illustrating his work and 
world events.

(t)SPL/Photo Researchers, (bl)The Flight Collection/Alamy Images

http://ca8.msscience.com
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Chapter Assessment 

 
In chemical reactions, atoms rearrange to form one or more different 
substances.

ca8.msscience.com

Standards Study Guide

Lesson 1 Chemical Properties and Changes

In a chemical change, the properties that 
give a substance its identity change.
• A chemical property describes the way a substance can or cannot 

change into another substance.

• A physical property is one that can be observed without 
changing the identity of the substance.

• A chemical change results in one or more substances that are 
different in composition from the original substance.

• A physical change is one in which the same substance is present 
before and after the change.

• chemical change  (p. 341)
• chemical property  (p. 338)
• dissolving  (p. 343)

Lesson 2 Chemical Equations

Chemical equations show that in chemical 
reactions, atoms rearrange, but no atoms are lost or 
gained.
• In all chemical reactions, the mass of the reactants is the same 

as the mass of the products.

• The number of atoms of each element is the same before and 
after the reaction.

• Symbols and formulas represent substances in chemical 
equations.

• A balanced chemical equation shows that no atoms are lost or 
gained in a chemical reaction.

• coefficient  (p. 352)
• diatomic molecule  (p. 350)
• law of conservation of mass  (p. 347)
• product  (p. 349)
• reactant  (p. 349)

Lesson 3 Energy and Chemical Change

In chemical reactions, energy is either 
absorbed or released.
• Energy changes occur in chemical reactions, but no energy is lost 

or gained.

• There is a net release of energy in exothermic reactions.

• There is a net absorption of energy in endothermic reactions.

• endothermic process  (p. 362)
• exothermic process  (p. 360)
• law of conservation of energy  (p. 359)

Download quizzes, key 
terms, and flash cards from 
ca8.msscience.com.

3.f, 5.a, 7.c

3.b, 3.f, 5.b

5.c, 9.a, 9.e

http://ca8.msscience.com
http://ca8.msscience.com
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Reactants

changing to

1. 

is a

2. 

Chemical Change � Chemical Reaction

uses symbols and
formulas for

compoundselements molecules

Chemical Equation

described by

4.
demonstrates

this law

changes

5. balanced by

can be

Using Vocabulary
Fill in the blanks with the correct vocabulary terms. Then read the
 paragraph to a partner.

A chemical reaction is described by a chemical equation in which   6.   are 

shown on the left side of an arrow and   7.   are shown on the right. Energy 

changes occur in most chemical reactions. A process in which energy is released 

is called a(n)   8.  . A process in which energy is absorbed is called a(n)

  9.  . In chemical processes, no energy is lost or gained so the   10.   

is obeyed. 

Linking Vocabulary and Main Ideas
Use vocabulary terms from page 370 to complete this concept map. 

physical
properties exothermic

3. 

Standards Review

Visit ca8.msscience.com for:
 ▶  ▶ Vocabulary PuzzleMaker
 ▶  ▶ Vocabulary eFlashcards
 ▶  ▶ Multilingual Glossary

http://ca8.msscience.com
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Understanding Main Ideas
Choose the word or phrase that best answers the 
question.

1. Which description is a chemical property?
A. burns in air
B. has a blue color
C. melts at room temperature
D. is 10 cm long   5.a

2. Which is NOT a chemical change?
A. copper turning green in air
B. baking a cake
C. drying clothes
D. exploding dynamite    5.a

3. The photo below shows a demonstration of elec-
trolysis, in which water is broken down into 
hydrogen and oxygen.

  Which is the best way to write the chemical 
equation for this process?
A. H2O + energy → H2 + O2

B. H2O + energy → 2H2 + O2

C. 2H2O + energy → 2H2 + O2

D. 2H2O + energy → 2H2 + 2O2 5.b

4. Which phrase describes an endothermic 
reaction?
A. There is a net release of energy.
B. The products are lower in energy than 

the reactants.
C. The products are higher in energy than 

the reactants.
D. The products are more stable than the 

reactants.   5.c

Use the following chemical equation to answer questions 
5 and 6.

  2SO2 + O2 → 2SO3

5. What is the coefficient of SO3?
A. 1
B. 2
C. 4
D. 6   5.b

6. How many oxygen atoms are on the reactants 
side?
A. two 
B. four
C. six 
D. eight    5.b

7. How many atoms of each kind are represented 
by 2Ca(NO3)2?
A. 1 atom Ca, 1 atom N, 3 atoms O
B. 2 atoms Ca, 1 atom N, 3 atoms O
C. 2 atoms Ca, 2 atoms N, 6 atoms O
D. 2 atoms Ca, 4 atoms N, 12 atoms O 3.b

8. Which is a balanced chemical equation?
A. Na + Cl2 → NaCl
B. H2O2 → 2H2O + O2

C. O2 + 2PCl3 → 2POCl3
D. Ca + H2O → Ca(OH)2 + H2 5.b

9. Which is NOT a physical property?
A. color
B. conducts electricity
C. magnetism
D. tarnishes   7.c

10. Preparing a meal involves both physical and 
chemical changes. Which is a chemical change?
A. boiling water
B. making ice cubes
C. slicing a carrot
D. toasting bread   7.c

ca8.msscience.com
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11. Decide whether a chemical change can occur 
without a physical change. Explain your 
answer. 5.a

12. Write a balanced chemical equation for the reac-
tion of propane, C3H8, burning in oxygen to 
form carbon dioxide, CO2, and water vapor. 5.a

13. State the following equation in words: 
N2 + 3H2 → 2NH3. N2 is nitrogen, NH3 is 
ammonia. 5.a

14. List two advantages that chemical equations 
written with symbols and formulas have over 
word equations. 5.b

15. Demonstate how to write the balanced equation 
for the burning of ethene (C2H4) in air. The 
products of the reaction are carbon dioxide and 
water.  5.b

The energy changes in the reaction of A � B → C are 
shown in the diagram. Use the diagram to answer 
questions 16 and 17. 

16. Analyze Is the formation of substance C 
an endothermic or exothermic reaction? 
Explain. 5.c

17. Apply your knowledge of energy changes in 
chemical reactions to identify what is represented 
by the line labeled X. 5.c

18. Assess Atoms may be rearranged in physical 
changes. How is this possible if no new sub-
stances form? 5.d

19. Write a letter to a friend explaining the 
difference between an exothermic reaction and 
an endothermic reaction. Give two examples 
of exothermic chemical reactions in your 
daily life. ELA8: W 1.1

Cumulative Review
20. Categorize these physical changes as exothermic 

or endothermic: melting, freezing, subliming, 
condensing, boiling. 5.c

21. Analyze Can an isotope become an ion? Explain 
your answer. 3.a, 7.b

22. Relate Groups 1, 2, 14, 15, 16, and 17 on the 
periodic table to whether they are likely to form 
covalent or ionic bonds. 7.a

Applying Math

23. If a reaction of H2 �  1 � 2  O2 → H2O has a 
potential energy of reactants of 0 kJ and 
potential energy of products of -68.3 kJ, 
find �H.  MA8: ALG 2.0

24. Is the reaction of H2 �   1 � 2  O2 → H2O 
exothermic or endothermic?  MA8: ALG 2.0

25. What is �H for the reverse reaction of 
H2 �   1 � 2  O2 → H2O?   MA8: ALG 2.0

26. If a reaction of CH4 � 2O2 → CO2 � 2H2O 
has a potential energy of reactants of 634 kJ 
and potential energy of products of 828 kJ, 
find �H.   MA8: ALG 2.0

27. Is the reaction of CH4 � 2O2 → CO2 � 
2H2O exothermic or endothermic?  
  MA8: ALG 2.0
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 1  Which is a chemical change? 

A Paper is shredded. 7.c

B Liquid wax turns solid.

C A raw egg is broken.

D Soap scum forms. 

 2  Which reaction is endothermic?

A burning wood  5.c

B iron rusting 

C using an athletic cold pack

D using an athletic hot pack

 3  When mercury (II) oxide, HgO, is heated, liquid 
mercury (Hg) and oxygen (O2) are produced.   

2HgO → 2Hg � O2

Beginning mass of HgO 216 g

Mass of Hg after heating 200 g

Mass of O2 after heating ? g

 According to the law of conservation of mass, 
what mass of O2 is generated?

A 8 g  5.b

B 16 g

C 200 g

D 216 g 

 4  Oxygen gas is always written as O2 in chemical 
equations. What term is used to describe the 2 
in this formula? 

A product 5.b

B coefficient

C reactant 

D subscript

  5  The chemical reaction below is the reaction of 
copper (Cu) with silver nitrate (AgNO3) to pro-
duce copper nitrate Cu(NO3)2 and silver (Ag).

 AgNO3 � Cu → Cu(NO3)2 � 2Ag

 Is this reaction balanced?  

A Yes, because there is one solid on each side of 
the equation. 5.b

B Yes, because the number of copper atoms is 
the same on each side of the equation.

C No, because there are two reactants and three 
products.

D No, because the number of silver atoms is not 
equal on both sides of the equation. 

 6  The photo shows bubbles created from vinegar 
and baking soda in water.

 What is the balanced chemical equation for this 
reaction? 

A 2NaHCO3 � HC2H3O2 → CO2 � H2O � 
2NaC2H3O2 5.a

B NaHCO3 � HC2H3O2 → CO2 � H2O + 
NaC2H3O2

C 2NaHCO3 � 2HC2H3O2 → 2CO2 � H2O � 
NaC2H3O2

D NaHCO3 � HC2H3O2 → 2CO2 � 2H2O � 
NaC2H3O2

ca8.msscience.com
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 7  Each procedure results in the formation of bub-
bles. Which is a physical change?

A pouring an acid onto calcium carbonate 7.c

B dropping an antacid tablet into water

C heating water to its boiling point

D pouring vinegar onto baking soda

 8  Which chemical equation is balanced?

A HgO → Hg � O2 5.b

B Mg � O2 → 2MgO

C 2Li � 2H2O → 2LiOH + H2

D Cu � AgNO3 → Cu(NO3)2 � 2Ag

 9  What term is used to describe the 4 in the 
expression 4Ca(NO3)2? 

A coefficient  5.b

B formula 

C subscript 

D symbol 

 10  In chemical reactions, the atoms in the reac-
tants rearrange to form products. There is usu-
ally a net change in

A atoms. 5.c

B energy.

C mass.

D molecules.

11  What should be balanced in a chemical 
equation?

A compounds 3.b

B atoms 

C molecules

D subscripts 

 12  What word would you use to describe tin oxide 
in the reaction that Lavoisier used to show con-
servation of mass?

A subscript 5.b

B product

C coefficient

D reactant

 13  The illustration below shows a chemical 
reaction.

 Identify the products in the reaction. 

A NiCl2 and NaOH 5.a

B NaOH and NaCl

C Ni(OH)2 and NaCl

D Ni(OH)2 and NiCl2

 14  Which element has the physical property of 
magnetism?

A sodium  7.c

B iron 

C oxygen 

D calcium

 15  Which warning refers to a chemical property of 
the material? 

A fragile 7.c

B flammable 

C handle with care 

D shake well
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