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2 Describing
 Chemical

Reactions

Objectives
After this lesson, students will be able to
L.2.2.1 Identify what information a 
chemical equation contains.
L.2.2.2 State the principle of conservation 
of mass.
L.2.2.3 Explain what a balanced chemical 
equation must show.
L.2.2.4 Name three categories of chemical 
reactions.

Target Reading Skill
Building Vocabulary Explain that 
knowing the definitions of key terms helps 
students understand what they read.

Answers
Sample sentences: A chemical equation is a 
short, easy way to show a chemical reaction. 
A substance you have at the beginning of 
a reaction is a reactant. A new substance 
produced in a reaction is a product. 
Conservation of mass means that during 
a chemical reaction, matter is not created 
or destroyed. In an open system, matter can 
enter from or escape to the surroundings. 
In a closed system, matter is not allowed 
to enter or leave. A coefficient is a number 
in a chemical equation telling you how 
many atoms or molecules of a reactant or 
product take part in the reaction. Synthesis 
means combining two or more elements 
or compounds to make a more complex 
substance. Decomposition means breaking 
down compounds into simpler products. 
Replacement is the process in which one 
element replaces another in a compound 
or two elements in different compounds 
trade places.

Preteach

Build Background 
Knowledge
Identifying and Using Symbols
Ask: What symbols did you observe on your 
way to school today? (Sample answer: Stop 
sign, green light, house number) Tell students 
they will learn in this section how symbols 
are used to describe chemical reactions.

L2
Skills Focus Making models

Materials 24 coins including pennies, 
nickels, dimes, and quarters

Time 10 minutes

Tip Suggest that students use data tables 
to record their counts for each trial.

Expected Outcome The total value and 
types of coins do not change. Rearranging 

the coins does not change the properties 
of any coin.

Think It Over Students may infer that, 
like the total number and types of coins 
in the activity, the total numbers and types 
of atoms do not change during chemical 
reactions.

2 Describing Chemical 
Reactions

Do You Lose Anything?
1. Place about two dozen coins on a table. Sort them into stacks 

of pennies, nickels, dimes, and quarters.
2. Count and record the number of coins in each stack. Calculate 

and record the value of each stack and the total of all stacks 
combined.

3. Mix all the coins together and then divide them randomly 
into four unsorted stacks.

4. Again calculate the value of each stack and the total amount 
of money. Count the total number of each type of coin.

5. Repeat Steps 3 and 4.

Think It Over
Making Models  What happened to the total value and types of 
coins when you rearranged them? Did rearranging the coins 
change the properties of any coin? If you think of the coins as 
each representing a different type of atom, what does this 
model tell you about chemical reactions?

Reading Preview
Key Concepts
• What information does a 

chemical equation contain?

• What does the principle of 
conservation of mass state?

• What must a balanced chemical 
equation show?

• What are three categories of 
chemical reactions?

Key Terms
• chemical equation
• reactant   • product
• conservation of mass
• open system   • closed system   
• coefficient   • synthesis   
• decomposition   • replacement

Target Reading Skill
Building Vocabulary  Using a 
word in a sentence helps you think 
about how best to explain the 
word. After you read the section, 
reread the paragraphs that contain 
definitions of Key Terms. Use all of 
the information you have learned 
to write a meaningful sentence 
using each Key Term.

You look at your cellular phone display and read the message
“U wan2 gt pza 2nite?” You reply “No. MaB TPM. CUL8R.”
These messages are short for saying “Do you want to get some
pizza tonight?” and “No. Maybe tomorrow afternoon (PM).
See you later.”

Cellular phone messages use symbols and abbreviations to
express ideas in shorter form. A type of shorthand is used
in chemistry too. “Hydrogen molecules react with oxygen

molecules to form water molecules” is a lengthy way to
describe the reaction between hydrogen and oxygen. And

writing it is slow. Instead, chemists often use chemical
equations in place of words.

A message on a cellular display   � 
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Differentiated Instruction

Instruct

What Are Chemical 
Equations?

Teach Key Concepts
Chemical Equations
Focus Read the definition of chemical 
equation.

Teach On the board, write the general plan 
for all chemical equations: 
Reactant + Reactant →  Product + Product
Tell students that reactants and products are 
written as chemical formulas and the arrow 
is read as “yields.” Say that the number of 
reactants and products can vary.

Apply Ask students to read the chemical 
equation in Figure 8. (Heating calcium 
carbonate yields calcium oxide and carbon 
dioxide.) learning modality: verbal

Teaching Resources

• Transparency L19

 
Address Misconceptions

Formulas and Equations
Focus Students may think that chemical 
formulas and chemical equations are the 
same, because formula and equation are 
sometimes used interchangeably in other 
subjects.

Teach Explain the terms as they are used in 
chemistry: A chemical formula describes 
a compound, and a chemical equation 
describes a reaction.

Apply On the board, write: ZnSO4. Also 
write Zn + H2SO4 → ZnSO4+ H2. Ask: 
Which one is a formula? (ZnSO4) What 
does the equation say? (Zinc and sulfuric 
acid react to yield zinc sulfate and 
hydrogen.) learning modality: verbal

Independent Practice
Teaching Resources

• Guided Reading and Study Worksheet: 
Describing Chemical Reactions

 

Student Edition on Audio CD

L2

L2

English Learners/Beginning
Comprehension: Modified Cloze
Make a simple paragraph summarizing this 
page. Leave important words blank, and 
make a list of omitted terms. Show students 
how to fill in the first blank, and then have 
them fill in the rest of the blanks. learning 
modality: verbal

L1 English Learners/Intermediate
Comprehension: Modified Cloze Give 
students the same paragraph, but include 
some incorrect choices in the list of 
omitted terms. Demonstrate how to fill in 
a blank before instructing students to fill in 
the remaining blanks. learning modality: 
verbal

L2

Monitor Progress L2

Writing Have students write the general 
plan for a chemical equation.

Answer
Figure 8 That each molecule of calcium 
carbonate contains three oxygen atoms

What Are Chemical Equations?
A chemical equation is a short, easy way to show a chemical
reaction, using symbols instead of words. Although chemical
equations are shorter than sentences, they contain more infor-
mation. Chemical equations use chemical formulas and
other symbols instead of words to summarize a reaction.

Formulas in an Equation  All chemical equations use for-
mulas to represent the substances involved in a reaction. Recall
from Chapter 1 that a chemical formula is a combination of
symbols that represents the elements in a compound. For
example, CO2 is the formula for carbon dioxide. The formula
tells you that this compound is made up of the elements
carbon and oxygen and each molecule has 1 carbon atom and
2 oxygen atoms. Figure 7 lists formulas of other compounds
that may be familiar to you.

Structure of an Equation  All chemical equations have a
common structure. A chemical equation tells you the sub-
stances you start with in a reaction and the substances you get
at the end. The substances you have at the beginning are called
the reactants. When the reaction is complete, you have new
substances called the products.

The formulas for the reactants are written on the left, fol-
lowed by an arrow. You read the arrow as “yields.” The formu-
las for the products are written on the right. When there are
two or more reactants, they are separated by plus signs. In a
similar way, plus signs are used to separate two or more prod-
ucts. Below is the general plan for a chemical equation.

The number of reactants and products can vary. Some reac-
tions have only one reactant or product. Other reactions have
two, three, or more reactants or products. In Figure 8, you
can see the equation for a reaction that occurs when limestone
(CaCO3) is heated. Count the number of reactants and prod-
ucts, and familiarize yourself with the parts of the equation.

Reactant Reactant —➔ Product � Product�

FIGURE 7
The formula of a compound 
identifies the elements in the 
compound and the ratios in which 
their atoms are present.  

FIGURE 8
A Chemical Equation  
Like a building, a chemical 
equation has a basic structure.  
Interpreting Diagrams  What does 
the subscript 3 in the formula for 
calcium carbonate tell you?

Compound Formula

Water

Carbon dioxide

Rubbing alcohol

Propane

Sugar (sucrose)

Ammonia

Sodium chloride

Baking soda

H2O

CO2

C3H8O

C3H8

C12H22O11

NH3

NaCl

NaHCO3

Formulas of
Familiar Compounds

Symbol Formula Subscript

Reactant Products

“yields”
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Conservation of Mass

Teach Key Concepts
Conservation of Mass
Focus Use Figure 9 to illustrate the principle 
of conservation of mass.

Teach Read the sentence that states the 
principle of conservation of mass. Have 
students look at Figure 9 and read the 
caption. Point out the chemical formula 
at the top of the figure and the numbers 
on the three scales. Tell students to assume 
that scale units are grams. Ask: What are the 
reactants in the reaction, and what are their 
masses? (Iron, 14.0 g, and sulfur, 8.0 g) What 
is the product of the reaction, and what is 
its mass? (Iron sulfide, 22.0 g)

Apply Ask: How does the reaction in the 
figure illustrate the conservation of mass? 
(The total mass of the reactants equals the 
mass of the product. Therefore, mass is 
conserved.) learning modality: visual

Measuring Reactants and Products

Materials self-sealing plastic bag, baking 
soda, 10 mL vinegar, small spoon, plastic 
cup, balance, safety goggles

Time 10 minutes

Focus Tell students they will measure 
reactants and products in a chemical 
reaction to determine whether mass is 
conserved.

Teach Have students put on safety goggles, 
place a spoonful of baking soda in the bag, 
and use the balance to find the mass of the 
baking soda and bag. Then, have students 
find the mass of the empty cup, add 10 mL 
of vinegar to the cup, find the mass of the 
cup and vinegar together, and subtract the 
cup’s mass to find the mass of the vinegar. 
Ask: If you add vinegar to the soda in the 
bag, what should the mass of the product 
equal? (The sum of the masses of the bag, 
soda, and vinegar) Tell students to pour the 
vinegar into the bag and quickly zip the bag 
closed. After the contents of the bag mix, 
have students find the total mass and 
compare it with their predictions.

Apply Ask: If the measured mass is less 
than the predicted mass, what might 
explain the differences? (Some of the gas 
produced in the reaction may have escaped 
from the bag before it was closed.) learning 
modality: kinesthetic

L2

L2

Skills Focus Making models

Materials several nuts and bolts, balance

Time 15 minutes

Tips Remind students of the principle of 
conservation of mass. Tell them they will 
model the principle in this activity.

Expected Outcome The total mass of 
nuts and bolts is the same, regardless of 

arrangement. This is how the activity 
models conservation of mass.

Extend Have students use nuts and bolts 
to model the reaction Fe + S → FeS. 
Students can use bolts for iron atoms, nuts 
for sulfur atoms, and combined nuts and 
bolts for iron sulfide. learning modality: 
kinesthetic

Iron

Fe
Sulfur

S
Iron Sulfide

FeS+

Conservation of Mass
Look closely at the values for mass in Figure 9. Iron and sulfur
can react to form iron sulfide. The photograph represents a
principle first demonstrated by the French chemist Antoine
Lavoisier in 1774. This principle is called conservation of mass,
and it states that during a chemical reaction, matter is not cre-
ated or destroyed. All the atoms present at the start of the reac-
tion are present at the end.

Modeling Conservation of Mass  Think about what hap-
pens when classes change at your school during the day. A class is
made of a group of students and a teacher together in a room.
When the bell rings, people from each class move from room to
room, ending up in different classes. The number of people in the
school has not changed. But their arrangement has.

Now imagine that all the students and teachers are atoms,
each class is a molecule, and the changing of classes is a chemical
reaction. At the end of the reaction, the same atoms are present,
but they are grouped together differently. The amount of matter
does not change. The principle of conservation of mass states
that in a chemical reaction, the total mass of the reactants
must equal the total mass of the products.

Open and Closed Systems  At first glance, some reactions
may seem to violate the principle of conservation of mass. It’s
not always easy to measure all the matter involved in a reac-
tion. For example, if you burn a match, oxygen comes from the
surrounding air. But how much? Likewise, the products escape
into the air. Again, how much?

FIGURE 9
Conservation of Mass  
Mass is conserved in chemical 
reactions.  

Still There
1. Measure the mass of a 

collection of bolts, each 
with a nut attached to it.

2. Remove all the nuts from 
the bolts. Measure the 
total mass of the nuts. 
Then do the same with the 
bolts. Add these values.

3. Rearrange your collection, 
putting two or three nuts 
on one bolt, one nut on 
another bolt, and so on. 
You can even leave a few 
pieces unattached.

4. Measure the total mass 
again. Compare this figure 
with the totals from 
Steps 1 and 2.

Making Models  How does 
your activity model the idea 
of conservation of mass?

L2



Use Visuals: Figure 10
Open and Closed Systems
Focus Use the illustrations in Figure 10 to 
help students visualize differences between 
open and closed systems.

Teach Have students read the caption and 
labels in Figure 10. Ask: What reaction takes 
place in the closed system in the figure? 
(Decay of a pear) What prevents matter 
from entering or leaving the closed system? 
(The dome over the plate) How would you 
expect the mass of the closed system at the 
end of the reaction to compare with the 
mass of the same system at the start of the 
reaction? Why? (You would expect the mass 
of the closed system to be the same after the 
reaction as it was at the start, because no 
matter can enter or leave the system.) What 
reaction takes place in the open system 
in the figure? (Burning of wood) What are 
the reactants in this reaction? (Wood and 
oxygen) Where does the oxygen come from? 
(The air in the room) What are the products 
in this reaction? (Ashes and gases such as 
carbon dioxide) Where do the gaseous 
products go? (Up the chimney and into the 
air in the room)

Apply Ask: Can you measure all the 
reactants and products in the open system? 
(No; you can measure the wood and ashes, 
but not the oxygen, carbon dioxide, and other 
gases.) learning modality: visual

L2

Monitor Progress L2

Skills Check Have students compare and 
contrast open and closed systems in terms of 
their characteristics and how they affect the 
measurement of reactants and products.

Answers
Figure 10 Before the fire, you would need 
to measure the masses of the reactants, wood 
and oxygen. After the fire, you would need to 
measure the masses of the products, ashes, 
carbon dioxide, and other gases.

A closed system is one in
which matter is not allowed

to enter or leave.

  

 

A burning match is an example of an open system. In an
open system, matter can enter from or escape to the surround-
ings. The burned out fire in Figure 10 is another example of
an open system. If you want to measure all the matter before
and after a reaction, you have to be able to contain it. In a
closed system, matter is not allowed to enter or leave. The pear
decaying under glass in Figure 10 is a closed system. So is a
chemical reaction inside a sealed plastic bag.

What is a closed system?

FIGURE 10

Open and Closed System
A wood fire is an open system because gases escape into the 
air. A pear in a glass dome is a closed system because the 
reactants and products are contained inside the dome.
Problem Solving  What masses would you need to 
measure before and after a wood fire to show 
conservation of mass?

Closed System  
The total mass of the 
pear and the substances 
produced during its 
decay are contained by 
the glass dome.  

Open System  
Except for the ash, products 
of the wood fire have 
escaped up the chimney or 
into the room.  

Fresh pear  Decayed pear  



Balancing Chemical 
Equations

Teach Key Concepts
Conservation of Mass and Balanced 
Equations
Focus Explain why chemical equations 
must be balanced, and show students how 
to balance a sample equation.

Teach Have students read the boldface 
sentence on this page. Explain that the 
principle of conservation of mass requires 
that chemical equations balance. Write 
the following equation on the board: 
H2 + O2 → H2O. Ask: How many hydrogen 
atoms are there on each side of this 
equation? (Two) How many oxygen atoms 
are there on each side of the equation? (Two 
on the reactant side, one on the product side) 
Is the equation balanced? Why or why not? 
(No, because there are unequal numbers of 
oxygen atoms on the two sides) Show students 
how to balance the equation by writing the 
coefficient 2 in front of H2 on the reactant 
side and the coefficient 2 in front of H2O on 
the product side. Read the definition of the 
term coefficient. Explain that the coefficients 
in this equation indicate that two hydrogen 
molecules are involved in the reaction for 
each molecule of oxygen and that two 
molecules of water are produced. Have 
students again count the number of oxygen 
atoms on both sides of the equation. Ask: 
Is the equation balanced now? (Yes)

Apply Write the following equation on the 
board, and challenge students to balance it:
Ca + O2 → CaO2(2 Ca + O2 → 2 CaO2)
learning modality: logical/mathematical

L2

For: Balancing Equations activity
Visit: PHSchool.com
Web Code: cgp-2022

Students can interact with a balancing 
equations activity online.

Teaching Resources

• Transparency L20

Balancing Chemical Equations
The principle of conservation of mass means that the same
number of atoms exists in the products as in the reactants.
To describe a reaction accurately, a chemical equation must
show the same number of each type of atom on both sides
of the equation. Chemists say an equation is balanced when it
accurately represents conservation of mass. How can you write
a balanced chemical equation?

Write the Equation  Suppose you want to write a bal-
anced chemical equation for the reaction between hydrogen
and oxygen that forms water. To begin, write the correct for-
mulas for both reactants and product.

31

Place the reactants, H2 and O2, on the left side of the arrow,
separated by a plus sign. Then write the product, H2O, on the
right side of the arrow.

Count the Atoms  Count the number of atoms of each
element on each side of the equation. You find two atoms of oxy-
gen in the reactants but only one atom of oxygen in the products.

2

How can you get the number of oxygen atoms on both sides to be
the same? You cannot change the formula for water to H2O2
because H2O2 is the formula for hydrogen peroxide, a completely
different compound. So, how can you show that mass is
conserved?

Use Coefficients to Balance Atoms  To balance the
equation, use coefficients. A coefficient(koh uh FISH unt) is a
number placed in front of a chemical formula in an equation.
It tells you how many atoms or molecules of a reactant or a
product take part in the reaction. If the coefficient is 1, you don’t
need to write it.

3

For: Balancing Equations activity
Visit: PHSchool.com
Web Code: cgp-2022

2 hydrogen
atoms

2 oxygen
atoms

1 oxygen atom
2 hydrogen atoms

+

H2 O2 H2O+
Reactants Products

Unbalanced
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Differentiated Instruction

Math Skill Formulas and equations

Focus Give students a chance to balance 
a chemical equation.

Teach Have students read the activity, 
except for the Practice Problem. Address 
any questions students may have. Point out 
that the first step in balancing a chemical 
equation is counting the numbers of atoms 
on both sides of the equation to see if they 
are equal. Tell students to count the atoms 
first when they do the Practice Problem.

Answers
1. 4 Na + O2 → 2 Na2O
2. Sn + Cl2 → SnCl2

Use Visuals: Balancing Atoms
Focus Use the diagrams to help students 
understand how chemical equations are 
balanced.

Teach Have students look at the diagram on 
page 60. Ask: What does each blue circle 
represent? (One hydrogen atom) 
What does each red circle represent? 
(One oxygen atom). Have students look at 
the top diagram on page 61. Ask: How is the 
balanced side different from the 
unbalanced side? (The balanced side has two 
more hydrogen atoms than the unbalanced 
side, making both sides of the scale the same.)

Apply Have students draw similar diagrams 
to illustrate balancing the two equations in 
the Math Skills activity. learning modality: 
visual

L1

Special Needs
Drawing Formulas and Equations
Suggest to students who have not had 
algebra or who have difficulty with math 
that they use drawings to represent 
chemical formulas and equations. Have 
students draw atoms and molecules, 

L1 similar to those on these pages, when they 
are working with formulas and equations. 
With drawings, students can actually count 
atoms and molecules. This will help them 
understand conservation of mass and also 
help them balance chemical equations.  
learning modality: visual Monitor Progress L2

Skills Check Have students balance the 
equation: C + F2 → CF4 (C + 2 F2 → CF4)

4 hydrogen
atoms

2 oxygen
atoms

2 oxygen atoms
4 hydrogen atoms

+

2 H2 O2 2 H2O+

Balance the number of oxygen atoms by writing the coeffi-
cient 2 for water. That’s like saying “2 × H2O.” Now there are
two oxygen atoms—one in each molecule of water.

Balancing the oxygen atoms throws off the hydrogen
atoms. There are now two hydrogen atoms in the reactants and
four in the product. How can you balance the hydrogen? Try
doubling the number of hydrogen atoms on the left side of the
equation by writing the coefficient 2 for hydrogen.

Look Back and Check  The equation is balanced. It tells
you that two molecules of hydrogen react with one molecule of
oxygen to yield two molecules of water. Count the atoms in the
balanced equation again to see that the equation is correct.

4

H2 O2 2 H2O+

2 hydrogen
atoms

2 oxygen
atoms

2 oxygen atoms
4 hydrogen atoms

+

Unbalanced

Balanced

1   Write the Equation
      Mg  +  O2       MgO

2   Count the Atoms
      Mg  +  O2       MgO
       1          2         1   1

3   Use Coefficients to 
     Balance the Atoms
      Mg  +  O2       2 MgO
                   2                2

      2 Mg  +  O2       2 MgO
          2          2           2   2

4   Look Back and Check

Balancing Equations

 

Balancing Chemical Equations
Magnesium metal (Mg) reacts with oxygen gas (O2) forming 
magnesium oxide (MgO). To write a balanced equation for 
this reaction, first write the equation using the formulas of 
the reactants and products. Then, count the number of atoms 
of each element.

1. Balancing Chemical Equations  Balance the equation for 
the reaction of sodium metal (Na) with oxygen gas (O2), 
forming sodium oxide (Na2O).

2. Balancing Chemical Equations  Balance the equation for 
the reaction of tin (Sn) with chlorine gas (Cl2), forming tin 
chloride (SnCl2).



Differentiated Instruction

Help Students Read
Predicting Refer to the Content Refresher 
in this chapter, which provides guidelines 
for using the predicting strategy.

Before students read this page, review 
the common meanings of synthesis, 
decomposition, and replacement. Then, have 
students predict what these three types of 
chemical reactions involve before they read 
about them in the text. Making predictions 
about the reactions before they read may 
improve their reading comprehension. 
Ask: What does synthesis mean? (Sample 
answer: Joining together, building up) What 
does decomposition mean? (Sample 
answer: Breaking down, decaying) What 
does replacement mean? (Sample answer: 
Substituting one thing for another) Point out 
that some chemical reactions are synthesis 
reactions, some are decomposition reactions, 
and others are replacement reactions. Ask: 
What do you think a synthesis reaction 
involves? (Atoms of elements joining together 
to form compounds) What do you think 
a decomposition reaction involves? 
(Compounds breaking down into atoms or 
simple compounds) What do you think a 
replacement reaction involves? (Atoms 
of one element replacing atoms of another 
element in a compound)

Classifying Chemical 
Reactions

Teach Key Concepts
Categories of Chemical Reactions
Focus Read the boldface sentence to 
introduce the three categories of chemical 
reactions.

Teach Have students read the definition of 
each category in the text. Then, write the 
following chemical equations on the board:
1. 2 H2O2 → 2 H2O + O2 
2. 2 H2 + O2 → 2 H2O 
3. FeS + 2 HCl → FeCl2 + H2S
Ask: Which category of reaction does each 
equation represent? (1. decomposition, 
2. synthesis, 3. replacement)

Apply Challenge students to identify the 
category of the reactions listed in the Math 
Practice in the Section Assessment. 
(4. replacement, 5. synthesis) learning 
modality: visual

Teaching Resources

• Transparency L21

L2

Less Proficient Readers
Previewing Visuals Before students read 
about classifying chemical reactions, have 
them preview Figure 11. Tell them to 
read the caption and then to compare 
and contrast the three drawings. Call on 
students to explain how the drawings differ. 

L1 Then, have students answer the caption 
question. If necessary, explain that the 
individual shapes represent atoms and the 
combined shapes represent compounds. 
Point out how the arrows and plus signs are 
used to show chemical reactions involving 
the shapes. learning modality: visual

Classifying Chemical Reactions
Substances may combine to make a more complex substance.
They may break apart to make simpler substances. Or, they
may even exchange parts. In each case, new substances form.
Many chemical reactions can be classified in one of three
categories: synthesis, decomposition, or replacement.

Synthesis  Have you ever listened to music from a synthe-
sizer? You can hear many different notes and types of sounds
combined to make music. To synthesize is to put things
together. In chemistry, when two or more elements or com-
pounds combine to make a more complex substance, the
process is called synthesis  (SIN thuh sis). The reaction of
hydrogen and oxygen to make water is a synthesis reaction.

Decomposition  In contrast to a synthesis reaction, a pro-
cess called decomposition breaks down compounds into
simpler products. You may have a bottle of hydrogen peroxide
(H2O2) in your house to clean cuts. If you keep such a bottle
for a very long time, you’ll have water instead. The hydrogen
peroxide decomposes into water and oxygen gas. 

Replacement  When one element replaces another in a com-
pound, or when two elements in different compounds trade
places, the process is called replacement. Look at this example:

Copper metal can be obtained by heating copper oxide with
carbon. The carbon takes the place of copper.

2 H2O2 —➔ 2 H2O O2�

2 Cu2O C —➔ 4 Cu CO2� �

Synthesis Decomposition

FIGURE 11

Types of Reactions
Three categories of chemical 
reactions are synthesis, 
decomposition, and replacement.  
Making Models  How do these 
different geometric shapes act as 
models for elements and 
compounds in reactions?

L1
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Monitor Progress L2

Answer
Figure 11 The individual shapes represent 
atoms, and the combined shapes represent 
molecules.

Assess

Reviewing Key Concepts
1.  a. The formulas tell you the atoms and 
molecules involved in the reaction, the arrow 
tells you the direction of the reaction, and 
the plus signs indicate the combination of 
reactants or products.  b. Both reactants 
and products must have the same numbers 
of atoms. However, reactants are placed to 
the left of the reaction arrow, whereas 
products are placed to the right side of the 
reaction arrow.
2.  a. The principle of conservation of mass 
means that matter is not created or destroyed 
during a chemical reaction.  b. 250 g
3.  a. Synthesis, decomposition, and 
replacement  b. Two  c. Synthesis

Reteach
Work with students to make a table on the 
board comparing and contrasting the three 
categories of chemical reactions: synthesis, 
decomposition, and replacement.

Performance Assessment
Skills Check Have students write a
balanced equation for the decomposition of 
hydrogen peroxide (H2O2) into water (H2O) 
and oxygen (O2). (2 H2O2 → 2 H2O + O2)

Teaching Resources

• Section Summary: Describing Chemical 
Reactions

• Review and Reinforce: Describing 
Chemical Reactions

• Enrich: Describing Chemical Reactions

L1

L2

Math Skill Formulas and equations

Answers
4. 2 Fe2O3 + 3 C → 4 Fe + 3 CO2
5. 2 SO2 + O2 → 2 SO3

Keep Students on Track Check that 
students’ reaction chambers have been tested 
for leaks before they begin the chemical 
reaction. Remind students to carefully 
measure and record both reactants and 
products when they burn sugar in their 
reaction chambers.

Section 2 Assessment

Target Reading Skill Building Vocabulary  Use 
your definitions to help you answer the questions.

Reviewing Key Concepts
1. a. Identifying  What do the formulas, arrow, 

and plus signs in a chemical equation tell you?
b. Comparing and Contrasting  How are 

reactants and products treated the same in a 
chemical reaction? How are they treated 
differently?

2. a. Summarizing  In your own words, state the 
meaning of the principle of conservation 
of mass.

b. Applying Concepts  If the total mass of the 
products of a reaction is 250 g, what was the 
total mass of the reactants?

3. a. Reviewing  What are three types of 
chemical reactions?

b. Inferring  What is the smallest possible 
number of products in a decomposition 
reaction?

c. Classifying  Classify the following reaction:

P4O10 6 H2O —➔  4 H3PO4�

Balance the following equations:

4.

5.

Fe2O3 C —➔ Fe CO2� �

SO2 O2 —➔ SO3�

The reaction between copper oxide and carbon is called a
single replacement reaction because one element, carbon,
replaces another element, copper, in the compound. In a double
replacement reaction, elements in one compound appear to
“trade places” with elements in another compound. The fol-
lowing reaction is an example of a double replacement: 

Use Figure 11 to help you track what happens to elements  in
different types of chemical reactions. 

FeS 2 HCl —➔ FeCl2 H2S� �

Replacement

Single Replacement 
One element replaces 
another element in a 
compound.

Double Replacement 
Two elements replace 
each other in different 
compounds. 
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Background

Technology and 
Society
Air Bags

Key Concept
Air bags save lives by protecting people in 
collisions, but they can pose a serious danger 
for children and small adults.

Build Background Knowledge
Experience With Air Bags
Ask if anyone has ever been in a collision in 
which an air bag deployed. If they have, urge 
them to describe to the class what happened. 
Otherwise, have students look at the inflated 
air bag in the van in the picture. Ask: What 
would have happened to the dummy’s head 
if the air bag had not deployed? (It would 
have hit the steering wheel.)

Introduce the Debate
After students have read about air bags in 
the feature, point out that air bags can be 
dangerous as well as protect people from 
death or injury in a crash. Explain that the 
bags inflate so rapidly and with such force 
that a child or small adult sitting too close 
to the air bag may be injured as much by the 
bag as by the collision itself. State that the 
potential danger of air bags is the major 
reason why there is debate over their use.

Facilitate the Debate
• Have students research and answer the 

Weigh the Impact questions.
• After students have finished their research 

and answers, divide the class into two 
groups. Arbitrarily assign one group to 
argue that air bags should be required in 
all cars because they do more good than 
harm. Assign the other group to argue 
the opposite position.

• Give members of each group a chance to 
meet and discuss the issue. Each group 
should prepare a statement of their views 
and a list of supporting evidence. Groups 
should also elect one of their members to 
present the group’s views in the debate.

• Provide class time for the debate. Give 
each group a chance to present its views. 
Also give each group time to rebut the 
views of the other group.

• After the debate, take a vote to see where 
the class stands on the issue and whether 
the debate changed students’ minds about 
air bags.

History of Science Air bags were 
invented in 1968 by Allen Breed. They were 
first used in 1973, when Ford and General 
Motors installed them in some government 
vehicles. In 1975, auto makers began 
offering air bags to the public as an option 
on some of their cars. In 1988, Chrysler 
became the first company to offer air bags 
as standard equipment on their vehicles.

Within a few years, dozens of people, 
mostly children, had been killed by air 
bags. Child deaths rose as passenger-side 
air bags became more common. By 1997, 
only 57% of consumers considered air bags 
an important factor in deciding on a car, 
down from 82% the year before. By then, 
auto makers started developing “smart” 
air bags that they hoped would be less 
dangerous.

—➔

Air Bag Inflates
Pellets of a compound called sodium azide (NaN3)
are heated, causing a rapid decomposition
reaction. This reaction releases sodium metal (Na)
and nitrogen gas (N2), which inflate the air bag in
about 30 milliseconds. 

Collision Detected
The crash sensor is located toward the front of
the car. The sensor detects an impact and sends
a signal to the air bag igniter to start the
chemical reaction.

2 NaN3  2 Na + 3 N2

Crash sensor

Igniter
   

   Folded
    air bag

Sodium azide 
  pellet

Steering
wheel

Crash sensor

Igniter
   

Nitrogen
gas

Inflated air bag

Air Bags
What moves faster than 300 km/h, inflates in less than 
a second, and saves lives? An air bag, of course! When a 
moving car is suddenly stopped in a crash, objects inside 
the car keep moving forward. Death or serious injury can 
result when passengers hit the hard parts of the car’s 
interior. Air bags, working with seat belts, can slow or 
stop a person’s forward motion in a crash.

How Do Air Bags Increase Safety?
Before front air bags became a requirement in the 1990s, seat belts 
were the only restraints for passengers in cars. Seat belts do a great job 
of keeping people from flying forward in a crash, but even with seat 
belts, some movement takes place. Air bags were designed as a second 
form of protection. They provide a buffer zone between a person and 
the steering wheel, dashboard, or windshield.
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Weigh the Impact
1. It is important to restrain people in a 
collision because death or serious injury can 
result when passengers hit the hard parts 
of the car’s interior during a collision.
2. Students may learn that front air bags 
have been added to the passenger side of 
many cars and that some cars also have side 
air bags, which help protect people in 
rollovers. In addition, students may learn 
that air bags are being improved to make 
them sensitive to the size and/or mass of 
riders. This should make air bags safer for 
children and small adults.
3. Possible types of new air bag technology 
students might write about include scales in 
seats, dashboard ultrasound units, electrical 
field systems, and seat sensors that read tags 
attached to infant safety seats. Students’ 
paragraphs might summarize how the 
technology works, its stage of development, 
how well it protects people from injury, and 
any drawbacks of the technology.

For: More on air bags
Visit: PHSchool.com
Web Code: cgh-2020

Students can research air bags online.

Extend
Point out the equation for the chemical 
reaction that occurs inside an airbag. Have 
students identify the reactant and products 
and the type of reaction that occurs. Ask 
them to explain what causes the air bag to 
inflate.

Facts and Figures Car makers are trying 
to make “smart” air bags that can take into 
account the passenger’s size and/or mass 
when they deploy. One technology for 
“smart” air bags uses a scale in the seat to 
weigh the occupant. It directs the air bag 
to deploy only if the occupant is above a 
certain weight. Another technology uses 

an ultrasound unit on the dashboard. The 
unit produces high frequency sounds and 
reads the echoes to determine the size of 
the occupant of the seat. An electrical field 
system uses antennas in the car seat to 
create a weak electrical field. This system 
can determine the occupant’s size and 
mass.

Air Bag Deflates 
Tiny holes in the fabric of the air bag allow some
of the nitrogen gas to escape, so the bag starts to
deflate by the time a person makes contact with
it. In this way, the air bag provides a deflating
cushion that slows forward movement.

▲ Car manufacturers must test their
vehicles to verify that they meet
minimum government safety standards.
New cars are required to have air bags
on both the driver and passenger sides.

Nitrogen gas
escapes through
tiny holes in the
fabric.

During a crash test,
the air bag should
inflate upon impact.

Deflated 
  air bag
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Cushion or Curse?
Air bags save hundreds of lives each year. However, if your 
body is too close to the air bag when it inflates, the impact 
of the expanding bag may do more harm than good. Since 
1990, more than 200 people, including 140 children, have 
been killed by air bags inflating close to them. Air bags are 
designed for adults but pose a risk to smaller, lightweight 
adults and children. That is why children should never ride 
in a front seat. They are safer in the back seat without air 
bags than in the front seat with air bags. 

1. Identify the Need
Air bags are called supple-
mental restraint systems. 
Why is it so important to 
restrain people in a collision?

2. Research
Use the Internet to learn how 
air bags are being changed, 
added, and redesigned to 
improve their safety and 
effectiveness.

3. Write
Choose one type of new 
air bag technology and 
summarize it in a few 
short paragraphs.

For: More on air bags
Visit: PHSchool.com
Web Code: cgh-2020

http://www.phschool.com/webcodes10/index.cfm?fuseaction=home.gotoWebCode&wcprefix=cgh&wcsuffix=2020
http://www.phschool.com/webcodes10/index.cfm?fuseaction=home.gotoWebCode&wcprefix=cgh&wcsuffix=2020

