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Chapter 11

Oxidations and Reductions
THE MAIN IDEA

Oxidation is the loss of electrons, and 
reduction is the gain of electrons.
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11.2 Harnessing the Energy
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11.4 Electricity from Fuel Cells
11.5 Energy from Photovoltaics
11.6 Electrolysis Produces Change
11.7 Producing Metals
11.8 Corrosion and Combustion

11.8 Corrosion and Combustion

If you look to the upper right of the periodic table, you will 
find one of the most common oxidizing agents—oxygen. 
In fact, if you haven’t guessed already, the term oxidation 
is derived from the name of this element. Oxygen is able to 
pluck electrons from many other elements, especially those 
that lie at the lower left of the periodic table. Two common 
oxidation-reduction reactions involving oxygen as the oxi-
dizing agent are corrosion and combustion.

C O N C E P T   C H E C K
Oxygen is a good oxidizing agent, but so is chlorine. What does this indicate about their relative 
positions in the periodic table?

CHECK  YOUR  ANSWER   Chlorine and oxygen must lie in the same area of the periodic table. 
Both have strong effective nuclear charges and are strong oxidizing agents.

What is oxygen so good at 
doing?

READING CHECK
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Corrosion is the process whereby a metal deteriorates. 
Corrosion caused by atmospheric oxygen is a widespread and 
costly problem. About one-quarter of the steel produced in the 
United States, for example, goes into replacing corroded iron at a 
cost of billions of dollars annually. Iron corrodes when it reacts with 
atmospheric oxygen and water to form hydrated iron oxide, which 
is the naturally occurring reddish-brown substance you know as 
rust, shown in Figure 11.30.

Another common metal oxidized by oxygen is aluminum. 
The product of aluminum oxidation is aluminum oxide, Al2O3, which 
does not flake away from the aluminum. Rather it forms a protec-
tive coat that shields the metal from further oxidation. This coat is 
so thin that it’s transparent, which is why aluminum maintains its 
metallic shine.

A protective, oxidized coat is the principle underlying a pro-
cess called galvanization. Zinc has a slightly greater tendency to 
oxidize than does iron. For this reason, many iron objects, such as the 
nails pictured in Figure 11.31, are galvanized by coating them with 
a thin layer of zinc. The zinc oxidizes to zinc oxide, an inert, insoluble 
substance that protects the iron underneath it from rusting.

Figure 11.30 > 
Rust itself is not harmful to the iron 
structures on which it forms. It is the 
loss of metallic iron that ruins the 
structural integrity of these objects.

Figure 11.31 > 
The galvanized nail (bottom) is pro-
tected from rusting by the sacrificial 
oxidation of zinc.
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In a technique called cathodic protection, iron structures can 
be protected from oxidation by placing them in contact with certain 
metals, such as zinc or magnesium, that have a greater tendency 
to oxidize. This forces the iron to accept electrons, which means 
that it is behaving as a cathode. (Rusting occurs only where iron 
behaves as an anode.) Ocean tankers, for example, are protected 
from corrosion by strips of zinc affixed to their hulls, as shown in 
Figure 11.32. Similarly, outdoor steel pipes are protected by being 
connected to magnesium rods inserted into the ground.

Yet another way to protect iron and other metals from oxi-
dation is to coat them with a corrosion-resistant metal, such as 
chromium, platinum, or gold. Electroplating is the operation of 
coating one metal with another by electrolysis, and it is illustrated 
in Figure 11.33. The object to be electroplated is connected to a 
negative battery terminal and then submerged in a solution con-
taining ions of the metal to be used as the coating. The positive 
terminal of the battery is connected to an electrode made of the 
coating metal. The circuit is completed when this electrode is sub-
merged in the solution. Dissolved metal ions are attracted to the 
negatively charged object, where they pick up electrons and are 
deposited as metal atoms. The ions in solution are replenished by 
the forced oxidation of the coating metal at the positive electrode.

Combustion is a rapid oxidation-reduction reaction 
between a material and molecular oxygen. The burning of a camp-
fire is a good example. Combustion reactions are characteristically 
exothermic (energy-releasing). A violent combustion reaction is 
the formation of water from hydrogen and oxygen. As discussed in 
Section 9.4, the energy from this reaction is used to power rockets 
into space. More common examples of combustion include the 
burning of wood and fossil fuels. The combustion of these and other 
carbon-based chemicals forms carbon dioxide and water. Consider, 
for example, the combustion of methane, the major component of 
natural gas:

In combustion, electrons are transferred as polar covalent 
bonds are formed in place of nonpolar covalent bonds or vice versa. 
(This is in contrast with the other examples of oxidation-reduction 
reactions presented in this chapter, which involve the formation of 
ions from atoms or, conversely, atoms from ions.) This concept is 
illustrated in Figure 11.34, which compares the electronic struc-
tures of the combustion starting material, molecular oxygen, and 
the combustion product, water. Molecular oxygen is a nonpolar 
covalent compound. Although each oxygen atom in the molecule 
has fairly strong electronegativity, the four bonding electrons are 

^  Figure 11.32
Zinc strips help to protect the iron 
hull of an oil tanker from oxidizing. 
The zinc strip shown here is attached 
to the hull’s exterior surface.

^  Figure  11.33
As electrons flow into the hubcap and 
give it a negative charge, positively 
charged chromium ions move from 
the solution to the hubcap and are 
reduced to chromium metal, which is 
deposited as a coating on the hubcap. 
The solution is supplied with ions as 
chromium atoms in the cathode are 
oxidized to Cr3+ ions.
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pulled equally by both atoms and thus are unable to congregate 
on one side or the other. After combustion, however, the electrons 
are shared between the oxygen and hydrogen atoms in a water 
molecule and are pulled to the oxygen. This gives the oxygen a 
slight negative charge, which is another way of saying it has gained 
electrons and has thus been reduced. At the same time, the hydro- 
gen atoms in the water molecule develop a slight positive charge, 
which is another way of saying they have lost electrons and have 
thus been oxidized. This gain of electrons by oxygen and loss of 
electrons by hydrogen is an energy-releasing process. Typically, 
the energy is released either as molecular kinetic energy (heat) or 
as light (the flame).

Interestingly, oxidation-reduction reactions chemically 
related to combustion occur throughout your body. You can visu-
alize a simplified model of your metabolism by reviewing Figure 
11.34 and substituting a food molecule for the methane. Food 
molecules relinquish their electrons to the oxygen molecules you 
inhale. The products are carbon dioxide, water vapor, and energy. 
You exhale the carbon dioxide and water vapor, but much of the 
energy from the reaction is used to keep your body warm, and the 
rest is used to drive the many other biochemical reactions neces-
sary for life.

How is your breath connected 
to a campfire?

CONNECTIONS
CHEMICAL

Figure 11.34 > 
(a) Neither atom in an oxygen mole-
cule is able to preferentially attract the 
bonding electrons. (b) The oxygen atom 
of a water molecule pulls the bonding 
electrons away from the hydrogen 
atoms on the water molecule, making 
the oxygen slightly negative and the 
two hydrogens slightly positive.

There are two kinds of matches: the strike-anywhere type, usually having a “bull’s-eye” tip, and the safety 
match, which requires that you strike the match on a provided strip. Both involve the burning of sulfur 
within the tip of the match. Getting the sulfur to burn using only the oxygen in the air, however, is diffi-
cult, which is why the sulfur is blended with an oxidizing agent such as potassium chlorate, KClO3. for the 
strike- anywhere match, a third ingredient, red phosphorus, P4, is included. The heat of friction causes 
the red phosphorus to convert into white phosphorus—an alternative form of phosphorus that burns 
rapidly in air. This initiates the redox reaction between the sulfur and the potassium chlorate, which in 
turn ignites the burning of the matchstick. Safety matches work the same way, except for the fact that 
the red phosphorus is embedded within the striking strip, which is the only place the match can be lit.
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