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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

11.3 Electricity from Batteries

We can see that, with the proper setup, it is possible to harness 
electrical energy from an oxidation-reduction reaction. The 
apparatus shown in Figure 11.6 is one example. Such devices 
are called voltaic cells. Instead of two containers, a voltaic cell 
can be an all-in-one self-contained unit, in which case it is called 
a battery. Batteries are either disposable or rechargeable, and 
here we explore some examples of each. Although the two 
types differ in design and composition, they function by the 
same principle: two materials that oxidize and reduce each 
other are connected by a medium through which ions travel 
to balance an external flow of electrons.

Let’s look at disposable batteries first. The common dry-
cell battery, which was invented in the 1860s, is still used today, 
and it is probably the cheapest disposable energy source for 
flashlights, toys, and the like. The basic design consists of a zinc 
cup filled with a thick paste of ammonium chloride, NH4Cl; zinc 
chloride, ZnCl2; and manganese dioxide, MnO2. Immersed in 
this paste is a porous stick of graphite that projects to the top 
of the battery, as shown in Figure 11.7.

Graphite is a good conductor of electricity. Chemicals 
in the paste receive electrons at the graphite stick and so are 
reduced. The reaction for the ammonium ions is

 2 NH4
+(aq)  +  2 e- → 2 NH3(g)  +  H2 (g)    Reduction

How is a flashlight connected to 
a coal-fired power plant?

CONNECTIONS
CHEMICAL

What is the principle by 
which any battery works?

READING CHECK
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An electrode is any material that conducts electrons into or 
out of a medium in which electrochemical reactions are occurring. 
The electrode where chemicals are reduced is called a cathode. 
For any battery, such as the one shown in Figure 11.7, the cathode 
is always positive (+), which indicates that electrons are naturally 
attracted to this location. The electrons gained by chemicals at 
the cathode originate at the anode, which is the electrode where 
chemicals are oxidized. For any battery, the anode is always nega-
tive (–), which indicates that electrons are streaming away from this 
location (Remember, electrons are repelled by a negative charge). 
The anode in Figure 11.7 is the zinc cup, where zinc atoms lose 
electrons to form zinc ions:

  Zn(s) → Zn2+ (aq)  +  2 e- Oxidation

The reduction of ammonium ions in a dry-cell battery pro-
duces two gases—ammonia, NH3, and hydrogen, H2—that need to 
be removed to avoid a pressure buildup and a potential explosion. 
Removal is accomplished by having the ammonia and hydrogen 
react with the zinc chloride and manganese dioxide:

  ZnCl2(aq)  +  2 NH3(g) → Zn(NH3)2Cl2(s)

  2 MnO2(s)  +  H2(g) → Mn2O3(s)  +  H2O(l)

The life of a dry-cell battery is relatively short. Oxidation 
causes the zinc cup to deteriorate, and eventually, the contents 
leak out. Even while the battery is not operating, the zinc corrodes 
as it reacts with ammonium ions. This zinc corrosion can be inhib-
ited by storing the battery in a refrigerator. As discussed in Section 

Figure 11.7 >
A common dry-cell battery with a 
graphite rod immersed in a paste of 
ammonium chloride, manganese diox-
ide, and zinc chloride in a zinc cup.
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9.6, chemical reactions slow down with decreasing temperature. 
Chilling a battery, therefore, slows down the rate at which the zinc 
corrodes, which increases the life of the battery.

Another type of disposable battery, the more expensive 
alkaline battery, shown in Figure 11.8, avoids many of the prob-
lems of dry-cell batteries by operating in a strongly alkaline paste. 
In the presence of hydroxide ions, the zinc is oxidized to insoluble 
zinc oxide:

         Zn(s)  +  2 OH-(aq) → ZnO(s)  +  H2O(l)  +  2 e- Oxidation

At the same time, manganese dioxide is reduced:

    2 MnO2(s)  +  H2O(l)  +  2 e- → Mn2O3(s)  +  2 H2O(l)    Reduction

Note how these two reactions avoid the use of the zinc-corroding 
ammonium ion (which means alkaline batteries last a lot longer 
than dry-cell batteries) and prevent formation of any gaseous prod-
ucts. Furthermore, these reactions are better suited to maintaining 
a given voltage during longer periods of operation.

The small mercury and lithium disposable batteries used 
for calculators and cameras are variations of the alkaline battery. In 
the mercury battery, mercuric oxide, HgO, rather than manganese 
dioxide, is reduced. Manufacturers are phasing out these batteries 
because of the environmental hazard posed by mercury, which is 
poisonous. In the lithium battery, lithium metal, rather than zinc, is 
used as the source of electrons. Lithium not only is able to maintain 
a higher voltage than zinc but also is about one-thirteenth as dense, 
which makes for a lighter battery.

Disposable batteries have relatively short lives, because 
electron-producing chemicals are consumed in their use. The main 
feature of rechargeable batteries is the reversibility of the oxida-
tion and reduction reactions. A noteworthy example is the nickel 
metal hydride, NiMH, battery. Charging this battery causes the 
nickel metal to extract hydrogen from water to form the negatively 
charged hydride ion, shown in the equation below as H:, where the 
two dots represent two electrons.*

     H2O      + Ni +     e-    → H: Ni + HO-

 

The role of the nickel is to stabilize the two electrons on the 
hydrogen, which because it contains an added electron is called the 
hydride ion, much the way chlorine with an extra electron is called 

^  Figure 11.8
Alkaline batteries last a lot longer than 
dry-cell batteries and give a steadier volt-
age, but they are more expensive.

water hydroxide 
 ion

nickel 
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*The nickel in this reaction is actually an intermetallic compound of nickel and various rare-earth elements, 
such as lanthanum, La.
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the chloride ion, using the -ide suffix. A fully charged battery thus 
contains an abundance of nickel hydride. As the battery provides 
electricity, the hydride ion releases electrons, which allows it to join 
with the hydroxide ion to re-form water:

 H:Ni + HO- →  H2O       + Ni +    e-

 

Recharging a rechargeable battery simply means regener-
ating the chemicals that can release electrons on demand. For the 
NiMH battery, this chemical is nickel hydride, H:Ni. For a traditional 
car battery, this chemical is lead, Pb, which transforms into lead sul-
fate, PbSO4, as it releases electrons. As the car battery is recharged, 
the PbSO4 is transformed back into lead, Pb. This is an endothermic 
reaction, which requires the input of energy that comes from an 
on-board generator, also known as the alternator. The alternator, 
in turn, gets its energy from the car’s internal-combustion engine, 
which is driven by the energy of the fuel in the gas tank.

Rechargeable lithium-ion batteries have found a wide range 
of applications, from computer laptops to cell phones. Safer lithium 
phosphate ion batteries are used for today’s hybrid and fully elec-
tric cars, which have grown in popularity as shown in Figure 11.9. 
Hybrids have improved gas mileage because as the car slows down, 
its kinetic energy is transformed into the electric potential energy 
of the battery rather than being wasted as heat from the car’s brake 
pads. The captured electrical energy of the battery is subsequently 
used to assist the gas-powered engine to get the car moving. Also, 

As a battery provides elec-
tricity, electrons move from 
the negative anode to the 
positive cathode. When 
a rechargeable battery is 
being recharged, however, 
what was once the negative 
anode now becomes a nega-
tive cathode, which is where 
electrons are needed for 
reduction. Because electrons 
won’t travel to a negative 
cathode on their own, they 
must be forced to do so. 
Hence, recharging is an ener-
gy-consuming process.
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 Figure 11.9
Sales of electric-drive vehicles in the 
United States. (Source: afdc.energy.
gov/)
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the hybrid’s battery system allows the engine to shut off when the 
car is merely idling or moving slowly, as occurs in heavy traffic. The 
fully electric cars are recognized for being environmentally friendly, 
though they still rely on fossil fuels due to the manufacture of the 
car itself, and potentially when the electricity powering the car 
comes from a fossil fuel dependent source.

New generation batteries are now being developed in which 
the anode is made of a 3-dimensional network of nanowires that 
cover a surface area 10,000 times greater than a traditional battery. 
These so-called “sponge” batteries hold more energy per unit mass 
and can be re-charged in a matter of minutes, rather than hours. 
For an example, visit PrietoBattery.com.

C O N C E P T   C H E C K
What chemicals are produced as a nickel metal hydride battery is recharged?

CHECK  YOUR  ANSWER   Nickel hydride, H:Ni, and hydroxide ions, HO−.


