
SECTION

1
Chemical Reactions

Name Class Date

KEY IDEAS

CHAPTER 7

As you read this section, keep these questions in mind: 

• How can chemical reactions be classified?

• How are electrons involved in chemical reactions?

What Are the Various Types of Reactions?
There are millions of possible chemical reactions.

However, all these reactions can be classified into several
general types. Classifying reactions makes it easier to
identify any similarities or differences. Knowing the type
of reaction can also help you predict the products that
will form.

SYNTHESIS REACTIONS
Plastics are used to make many items, such as

compact discs (CDs), eyeglasses, telephones, and toys.
The plastics used to make these products are hard
and durable. Plastics can also be soft and flexible. An
example of such a plastic is shown below.

Plastics are made in synthesis reactions. In a
synthesis reaction, two or more substances join
to form a new compound. Synthesis reactions have
the following general form:

Synthesis Reaction

A + B � AB

Many kinds of plastics are made from a molecule
called ethene. These plastics are made by combining
many ethene molecules to form one large molecule,
called polyethene.

READING TOOLBOX

Find Examples As you read, 
make a list of all the chemi-
cal reactions listed in the 
section. When you finish 
reading, classify each reaction 
in as many ways as possible.

READING CHECK

1. Identify What does 
classifying reactions allow 
you to do? 

READING CHECK

2. Identify What happens in 
a synthesis reaction? 
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The synthesis reaction used to make polyethene is
called polymerization. In polymerization, many units of a
substance combine to form a new compound. The prod-
ucts that form in this type of synthesis reaction are called
polymers. Not all synthesis reactions form polymers. In
fact, some synthesis reactions form simple molecules,
such as water.

2H
2

+ O
2
� 2H

2
O

DECOMPOSITION REACTIONS
Your body must digest the foods you eat before you

can use them for energy. During digestion, your body
breaks down complex molecules into simpler ones.
Digestion is an example of a decomposition reaction.
In a decomposition reaction, substances break apart.
Decomposition reactions have the following general
form:

Decomposition Reaction

AB � A + B

Water molecules can break apart in a decomposition
reaction called electrolysis.  The prefix electro- means
that electrical energy is supplied. The suffix –lysis means
“break apart.”

2H
2
O � 2H

2
+ O

2

SINGLE-DISPLACEMENT REACTIONS
Potassium metal is very reactive. If you add

potassium to water, the H
2

gas that is produced may
explode and burn instantly. The reaction between potas-
sium and water is a single-displacement reaction. In a
single-displacement reaction, one atom or ion replaces
another atom or ion in a compound. Single-displacement
reactions have the following general form:

READING CHECK

3. Describe What happens 
in a polymerization reaction? 

4. Identify Relationships
How are decomposition 
reactions related to synthesis 
reactions?
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Single-Displacement Reaction

AX + B ⟶ BX + A

Recall that some elements are more reactive than oth-
ers. In general, an atom or ion of a more reactive element 
will replace a less reactive one in a single-displacement 
reaction. 

DOUBLE-DISPLACEMENT REACTIONS
The stomach sometimes produces excess acid (HCl) 

that can cause a stomach ache. Some antacid tablets con-
tain magnesium hydroxide, Mg(OH)

2
. This compound can 

neutralize excess acid.

Mg(OH)
2
 + 2HCl ⟶ MgCl

2
 + 2H

2
O 

Notice in the equation above that Mg and H appear to 
trade places. This equation shows a double-displacement 
reaction. In a double-displacement reaction,two atoms 
or ions appear to replace one another in compounds. 
Double-displacement reactions have the following 
general form:  

Double-Displacement Reaction

AX + BY ⟶ AY + BX

Lead chromate, PbCr O
4
, is a compound found in the 

yellow paint that is used to make lines on roads. Lead 
chromate forms in a double-displacement reaction.

Pb(NO
3
)

2
 + K

2
Cr O

4
 ⟶ PbCr O

4
 + 2KNO

3

Looking CLoser 
5. Identify When potassium 
reacts with water, which 
element does potassium 
replace?

 

6. Infer Is potassium more 
reactive or less reactive then 
hydrogen? 

 

Critical Thinking
7. Compare How does a 
double-displacement  
reaction differ from a  
single-displacement reaction? 

 

 

 

 

 

 

Potassium reacts with water in a single-displacement reaction.

sp08irreas03003a 
revised 10/2/06 
Steve Toole 

Potassium hydroxide 
2KOH

+ +

Water
2H O²

Hydrogen
H²

Potassium
2K
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Lead nitrate, Pb(NO
3
)

2
, potassium chromate, K

2
CrO

4
,

and potassium nitrate, KNO
3
, are all soluble in water. 

That is, they dissolve to form ions. Recall that ions form 
when atoms gain or lose one or more electrons. Unlike 
the other compounds in this reaction, PbCrO

4
 does not 

dissolve in water. Instead, lead chromate is a yellow solid 
that settles to the bottom of the solution. 

COMBUSTION REACTIONS
A fire may be the small flame of a lighted match, or 

it may cover thousands of acres of land. No matter how 
small or large, fire is an example of a combustion reac-
tion. In a combustion reaction, organic compounds 
react with oxygen. All combustion reactions produce 
carbon dioxide and water. 

Combustion reactions are used to generate much of 
the electrical energy used by homes, schools, businesses, 
and many forms of transportation. 

INCOMPLETE COMBUSTION
When there is not enough oxygen during a combustion 

reaction, only some of the fuel is converted to CO
2
. The 

combustion reaction is incomplete. In this case, the reac-
tion produces soot, which is unburned carbon, and some 
carbon monoxide, CO. Carbon monoxide is a poisonous 
gas.

READING CHECK

8. Identify What are the 
products of a combustion 
reaction?

READING CHECK

9. Identify What factor leads 
to incomplete combustion? 

Lead nitrate is insoluble 
in water.
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How Are Electrons Involved in Reactions?
Chemists started classifying reactions before they 

knew about the parts of the atom. After chemists learned 
about electrons, they could classify reactions in new 
ways. The new classification systems looked at changes 
in the number of electrons that atoms have. 

Recall that a covalent bond forms when electrons 
are shared between two atoms. Sometimes when a 
covalent bond breaks, a single electron is left on each 
piece of the molecule. Each piece is called a free radical. 
A free radical is an atom or group of atoms that has one 
unpaired electron. Because they have unpaired electrons, 
free radicals are very reactive. Free radicals react with 
O

2
 molecules high in the atmosphere to form the protec-

tive ozone layer. 

REDOX REACTIONS
In many reactions, one atom transfers electrons to 

another. Such reactions are called oxidation-reduction, or 
redox, reactions. In an oxidation-reduction reaction,
one substance loses electrons and another substance 
gains electrons.

Before they knew about electrons, scientists used the 
terms oxidation and reduction to describe reactions 
that involve oxygen. Combustion is an example of such 
a reaction. Oxygen gas reacts with carbon compounds to 
form carbon dioxide. Carbon atoms in CO

2
 are oxidized, 

and oxygen atoms in O
2
 are reduced. 

Scientists now know that not all oxidation reactions 
require oxygen. However, the terms oxidation and reduc-
tion remain. In any redox reaction, the substance that 
loses electrons is oxidized. The substance that gains 
electrons is reduced.

Recall that an ionic bond forms when an atom trans-
fers one or more electrons to another atom. The forma-
tion of an ionic compound is a common type of redox 
reaction. For example, NaCl forms when Na transfers an 
electron to Cl.

Process Gain or loss of 
electrons?

The substance is...

Oxidation loss oxidized

Reduction gain reduced

READING CHECK

10. Explain Why are free 
radicals so reactive? 

11. Analyze In the reaction 
that forms NaCl, which atom 
is reduced? Which atom is 
oxidized?
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combustion reaction the oxidation reaction of 
an organic compound, in which heat is re-
leased

decomposition reaction a reaction in which a 
single compound breaks down to form two or 
more simpler substances

double-displacement reaction a reaction in 
which a gas, a solid precipitate, or a molecular 
compound forms from the apparent exchange 
of atoms or ions between two compounds

free radical an atom or group of atoms that has 
one unpaired electron

oxidation-reduction reaction any chemical 
change in which one species is oxidized (loses 
electrons) and another species is reduced 
(gains electrons); also called redox reaction

single-displacement reaction a reaction in 
which one element or radical takes the place 
of another element or radical in a compound

synthesis reaction a reaction in which two 
or more substances combine to form a new 
compound

1. Classify Complete the table to identify the types of reaction each chemical equa-
tion represents. Some reactions may be classified in more than one way.

Chemical equation Type of reaction

S8 + O2 � 8SO2

6Li + N2 � 2Li3N

AgNO3 + KBr � AgBr + KNO3

CaCO3 � CaO + CO2

Mg + Pb(NO3)2 � Pb + Mg(NO3)2

2. Compare How does oxidation differ from reduction?

3. Apply Concepts Substances in a fire extinguisher help prevent air from reaching a
burning material. Why would this be a good way to fight a fire?

4. Infer Why must reduction take place whenever oxidation occurs?

Section 3 Review
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