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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.

11.1 Losing and Gaining Electrons
11.2 Harnessing the Energy
11.3 Electricity from Batteries
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

11.2 Harnessing the Energy

Electrochemistry is the study of the relationship between 
electrical energy and chemical change. It involves either the 
use of an oxidation-reduction reaction to produce an elec-
tric current or the use of an electric current to produce an 
oxidation-reduction reaction.

To understand how an oxidation-reduction reaction 
can generate an electric current, consider what happens 
when a reducing agent is placed in direct contact with an 
oxidizing agent: electrons flow from the reducing agent to 
the oxidizing agent. This flow of electrons is an electric cur-
rent, which is a form of kinetic energy that can be harnessed 
for useful purposes.

Iron atoms, Fe, for example, are better reducing 
agents than are copper ions, Cu2+. So, when a piece of iron 
metal and a solution containing copper ions are placed in 
contact with each other, electrons flow from the iron to the 
copper ions, as Figure 11.4 illustrates. The result is the oxida-
tion of iron atoms and the reduction of copper ions.

The elemental iron and copper ions need not be in 
physical contact for electrons to flow between them. If they 
are in separate containers but bridged by a conducting wire, 
the electrons can flow from the iron through the wire to the 
copper ions. The resulting electric current in the wire can be 
attached to some useful device, such as a lightbulb. But alas, 
an electric current is not sustained by this arrangement.
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The reason the electric current is not sustained is shown in 
Figure 11.5. An initial flow of electrons through the wire imme-
diately results in a buildup of electric charge in both containers. 
The container on the left builds up positive charge as it accumu-
lates Fe2+ ions from the nail. The container on the right builds up 
negative charge as electrons accumulate on this side. This situa-
tion prevents any further migration of electrons through the wire. 
Recall that electrons are negative, so they are repelled by the neg-
ative charge in the right container and attracted to the positive 
charge in the left container. The net result is that the electrons 
do not flow through the wire, and the bulb remains unlit. Put it 
this way: if you were an electron in a positively charged container, 
would YOU want to leave to go to another chamber that was neg-
atively charged? Absolutely not. Remember, opposite signs attract 
and like signs repel.

Why won’t electrons flow 
continuously through a wire 
connecting iron and copper in 
two containers?

READING CHECK

^  Figure 11.4
A nail made of iron placed in a solu-
tion of Cu2+ ions oxidizes to Fe2+ ions, 
which dissolve in the water. At the 
same time, copper ions are reduced 
to metallic copper, which coats the 
nail. (Negatively charged ions, such 
as chloride ions, Cl−, must also be 
present to balance these positively 
charged ions in solution.)

Figure 11.5 > 
An iron nail is placed in water and 
connected by a conducting wire to 
a solution of copper ions. Not much 
happens, because this arrange-
ment results in a buildup of charge 
that prevents the further flow of 
electrons.
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The solution to this problem is to allow ions to migrate 
between containers so that neither builds up any positive or neg-
ative charge. This is accomplished with a salt bridge, which may be 
as simple as a paper towel soaked in salt water stretching between 
both containers. Commonly, a salt bridge is made of a U-shaped 
tube filled with a paste of salts, such as sodium nitrate, NaNO3, 
and closed with semiporous plugs. Figure 11.6 shows how such a 
salt bridge allows ions to enter either container as necessary. This 
creates a complete electric circuit, which permits the flow of elec-
trons through the conducting wire.

C O N C E P T   C H E C K
Electrons are negatively charged. Does this mean they flow toward any negatively charged region?

CHECK  YOUR  ANSWER  No! Recall that like signs repel. A negatively charged electron will be 
repelled by any region it finds to be also negatively charged. Conversely, electrons tend to flow 
toward regions that carry a positive charge.

^  Figure 11.6
The salt bridge completes the electric 
circuit. Electrons freed as the iron is 
oxidized pass through the wire to the 
container on the right. Nitrate ions, 
NO3

−, from the salt bridge flow into 
the left container to balance the posi-
tive charges of the Fe2+ ions that form, 
thereby preventing any buildup of pos-
itive charge. Meanwhile, Na+ ions from 
the salt bridge enter the right container 
to balance the Cl− ions “abandoned” by 
the Cu2+ ions as the Cu2+ ions pick up 
electrons to become metallic copper.
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