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AREA OF STUDY 1
WHAT ARE THE OPTIONS FOR ENERGY PRODUCTION?

4 Fuel cells as a source of
energy

4.1 Overview
Numerous videos and interactivities are available just where you need them, at the point of learning, in
your digital formats, learnON and eBookPLUS at www.jacplus.com.au.

4.1.1 Introduction

FIGURE 4.1 Will today’s batteries
be replaced by refillable fuel cells in
the near future?

It is very frustrating when the battery of your mobile phone dies
while you are using it. If the phone was powered by a fuel cell
instead of a battery, you would just insert a small cartridge of fuel
to get it functioning again without the need for any electricity. Fuel
cells are similar to batteries but they do not run out of stored energy
or need recharging — they continue to convert chemical energy to
electrical energy as long as the fuel is supplied.

4.1.2 What you will learn

KEY KNOWLEDGE
In completing this topic, you will investigate:
• the common design features of fuel cells including use of porous electrodes for gaseous reactants to
increase cell efficiency (details of specific cells not required)

• the comparison of the use of fuel cells and combustion of fuels to supply energy with reference to their
energy efficiencies (qualitative), safety, fuel supply (including the storage of hydrogen), production of
greenhouse gases and applications

• the comparison of fuel cells and galvanic cells with reference to their definitions, functions, design features,
energy transformations, energy efficiencies (qualitative) and applications.

Source: VCE Chemistry Study Design (2016–2021) extracts © VCAA; reproduced by permission.

PRACTICAL WORK AND INVESTIGATIONS
Practical work is a central component of learning and assessment. Experiments and investigations, supported by
a Practical investigation logbook and Teacher-led videos, are included in this topic to provide opportunities to
undertake investigations and communicate findings.

Pdf_Folio:113

TOPIC 4 Fuel cells as a source of energy 113

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS



“c04FuelCellsAsASourceOfEnergy_print” — 2019/7/3 — 12:48 — page 114 — #2

Digital documents Key science skills (doc-30903)

Key terms glossary — Topic 4 (doc-31406)

Practical investigation logbook (doc-31407)

To access key concept summaries and past VCAA exam questions download and print the studyON: Revision and practice
exam question booklet (doc-31408).

4.2 Fuel cells

KEY CONTENT
• The common design features of fuel cells including use of porous electrodes for gaseous reactants to
increase cell efficiency

• The comparison of the use of fuel cells and combustion of fuels to supply energy with reference to their
energy efficiencies (qualitative), safety, fuel supply (including the storage of hydrogen), production of
greenhouse gases and applications

• The comparison of fuel cells and galvanic cells with reference to their definitions, functions, design features,
energy transformations, energy efficiencies (qualitative) and applications

4.2.1 What is a fuel cell?
A fuel cell is a type of galvanic cell that converts chemical energy into usable DC electricity and heat
through redox reactions. It does not rely upon combustion as an intermediate step. Unlike batteries, fuel
cells do not store energy but rather rely on a constant external source of reactants. By combining fuels such
as hydrogen and oxygen in the presence of an electrolyte, the products of a fuel cell are electricity, heat and
water. The process was first demonstrated in 1839, but fuel cell technology grew significantly in the 1960s,
as part of the US space program.

Fuel cell technology has advanced with the search for energy alternatives that have greater operating
efficiencies and lower costs. Power generation from fuel cells averages between 40 and 60% efficiency
compared with 30 to 35% efficiency from fossil fuel combustion. Fuel cells produce no air pollutants, and
have the added advantage of portability.

4.2.2 Where are fuel cells used?
Fuel cells are used, or are being investigated for use, in the following situations.
• As a portable power source for charging small appliances, such as batteries in laptops or smartphones
• For larger scale, stationary applications, including backup power in hospitals and industry
• For transport applications such as forklifts, boats and buses. The silent operation of fuel cells is

advantageous for submarines, and considerable research is being undertaken to improve the efficiency
and reduce costs of fuel cell cars.

4.2.3 Fuel cell design
Similarities between fuel cell design and other galvanic cells
Fuel cells have many design features in common with galvanic cells.
• Both convert chemical energy to electrical energy through redox reactions
• Site of oxidation physically separated from site of reduction
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• Oxidation occurs at the negative electrode (anode) and reduction at the positive electrode (cathode)
• Electrolytes occur between electrodes to allow the flow of ions that make up the internal circuit
• Fuel cells and batteries occur in groups called stacks to obtain a usable voltage and power output.

Differences between fuel cell design and other galvanic cells

FIGURE 4.2 A typical fuel cell that can be used in a
laboratory

Although fuel cells are galvanic cells, there
are a few significant differences in fuel cell
design compared to other galvanic cells.
• Fuel cells do not store reactants, they

must be continuously supplied from an
external source

• Primary galvanic cells produce electricity
until the chemical reaction is finished,
at which point the electrical energy is
exhausted. Secondary galvanic cells are
rechargeable and are discussed in
topic 7.

• Fuel cell electrodes are porous. This
provides a high surface area and the
opportunity to introduce
catalysts (which makes the reactions
on their surfaces more efficient).
Porous electrodes also allow more effective contact between fuels (which are often gases) and the
electrolyte.

• Fuel cells do not lose charge. They convert the energy in fuels directly into electricity and operate as
long as they are supplied with fuel and an oxidising agent. This means that fuel cells do not have to be
recharged. The input fuel passes over the anode (and oxygen over the cathode) where it is split into
ions and electrons. The electrons go through an external circuit while the ions move through the
electrolyte towards the oppositely charged electrode. At this electrode, ions combine to create
by-products. Depending on the input fuel and electrolyte, different chemical reactions occur.

Economic and environmental impacts
Although fuel cells are often expensive to manufacture, the low operating and maintenance costs over their
lifetime make them a more efficient method for generating electricity than many single-use primary cells
in current use. At present, energy efficiency of fuel cells is 35–70% while single use galvanic cells have an
energy efficiency of 45–90%.

Fuel cells emit almost none of the sulfur and nitrogen compounds released by the burning of fossil
fuels, and can operate using a wide variety of fuels including methane, coal-derived gas, landfill gas,
biogas, alcohols, hydrogen and other hydrocarbons. They are quieter and can operate more cheaply than a
conventional electric generator. A detailed comparison of fuels cells and the fuel combustion is presented in
section 4.2.5, and comparison with other galvanic cells is presented in section 4.2.8.

Weblink New methane fuel cell runs on cheap fuel
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4.2.4 Types of fuel cell
There are six main types of fuel cell, which are categorised according to the type of electrolyte and/or the
fuel they used. These types are:
• alkaline fuel cell (AFC), also known as the hydrogen–oxygen fuel cell
• proton exchange membrane fuel cell (PEMFC)
• phosphoric acid fuel cell (PAFC)
• molten carbonate fuel cell (MCFC)
• solid oxide fuel cell (SOFC)
• direct methanol fuel cell (DMFC).
There is ongoing research into new designs for fuel cells, not only for new fuels, but also new

electrolytes. For example, there is a current line of research investigating the use of biological materials as
electrolytes.

Alkaline fuel cell
The alkaline fuel cell (AFC), also known as the hydrogen–oxygen fuel cell, is one of the oldest and furthest
travelled fuel cells. It uses potassium hydroxide as the electrolyte and was used in the Gemini and Apollo
space programs during the 1960s and 70s to produce electrical energy and water. The AFC is clean and very
efficient but requires pure hydrogen and oxygen.

The AFC has three compartments: the cathode compartment, the anode compartment and the central
compartment, which are separated from each other by two electrodes. Oxygen (the oxidising agent) is fed
into the cathode compartment and hydrogen (the fuel) is fed into the anode compartment. The gases diffuse
slowly through the electrodes. The electrolyte in the central compartment is a hot, concentrated solution of
potassium hydroxide. Electrons from the oxidation reaction at the anode pass through an external circuit to
enter the reduction reaction at the cathode.

FIGURE 4.3 A cross-section of an alkaline fuel cell
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The equation for the anode reaction (oxidation) may be written as:

2H2(g)+ 4OH− (aq) → 4H2O(l)+ 4e−
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The equation for the cathode reaction (reduction) may be written as:

O2(g)+ 2H2O(l)+ 4e− → 4OH−(aq)

The equation for the overall reaction may be written as:

2H2(g)+ O2(g) → 2H2O(l)

Proton exchange membrane fuel cell
The proton exchange membrane fuel cell (PEMFC) offers high power density and operates at relatively low
temperatures. They are used in cars, forklifts and buses, as well as some large-scale systems. Suitable fuels
for the PEMFC include hydrogen gas, methanol and reformed fuels.

A typical PEMFC uses a polymer membrane as its electrolyte, which eliminates the corrosion and safety
concerns associated with liquid electrolyte fuel cells. Although it is an excellent conductor of hydrogen
ions, the membrane is an electrical insulator. The electrolyte is sandwiched between the anode and cathode,
forming a unit less than one millimetre thick. Its low operating temperature provides instant start-up and
requires no thermal shielding to protect personnel.

Hydrogen from the fuel gas stream is consumed at the anode, producing electrons that flow to the cathode
via the electric load and hydrogen ions that enter the electrolyte. At the cathode, oxygen combines with
electrons from the anode and hydrogen ions from the electrolyte to produce water. The PEMFC operates
at about 80 °C, so the water does not dissolve in the electrolyte. Instead, it is collected from the cathode as
it is carried out of the fuel cell by excess oxidising agent flow.

FIGURE 4.4 A cross-section of a PEMFC

e−

electrical current

depleted

fuel out

depleted oxidising

agent and product

gases (H2O) out

fuel in

anode cathodeelectrolyte

oxidising agent in

polymer

membrane

H2

O2

H2O

H+

+–

The equation for the anode reaction (oxidation) may be written as:

H2(g) → 2H+(aq)+ 2e−

The equation for the cathode reaction (reduction) may be written as:

O2(g)+ 4H+(aq)+ 4e− → 2H2O(l)
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The equation for the overall reaction may be written as:

2H2(g) + O2(g) → 2H2O(l)

FIGURE 4.5 The design of a PEMFC allows the depleted gases and excess oxidising agent gas to flow through
the cell stack.
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The fuel cell equation
All fuel cells that use H2(g)/O2(g) as reactants have the same overall equation:

2H2(g)+O2(g)→ 2H2O(l)

However, they have different half-equations depending on whether they are in acidic or
alkaline conditions. It is important to consider whether the cell involves the acid or alkali
half equations.

Direct methanol fuel cell (acidic)
The direct methanol fuel cell (DMFC) is relatively new technology and is powered by pure methanol,
which has a higher energy density than hydrogen and is easier to transport. The anode catalyst withdraws
hydrogen from the liquid methanol. DMFCs are suitable for mobile phones, portable music devices
and laptops, due to the small size of their cells and low operating temperature, and because there is no
requirement for a fuel reformer, which allows devices to operate for longer periods of time.

The equation for the anode reaction (oxidation) may be written as:

2CH3OH(aq)+ 2H2O(l) → 2CO2(g)+ 12H+(aq)+ 12e−

The equation for the cathode reaction (reduction) may be written as:

12H+(aq)+ 12e− + 3O2(g) → 6H2O(l)

The equation for the overall reaction may be written as:

2CH3OH(aq)+ 3O2(g) → 2CO2(g)+ 4H2O(l)
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FIGURE 4.6 A cross-section of a direct methanol fuel cell.
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Video eLesson Direct methanol fuel cell (med-0438)

Digital document Experiment 4.1 Investigating the hydrogen–oxygen fuel cell (doc-31257)

Teacher-led video Experiment 4.1 Investigating the hydrogen–oxygen fuel cell (eles-3462)

Weblink Fuel cells

Advantages and disadvantages of fuel cells
Table 4.1 summarises the advantages and disadvantages of fuel cells.

TABLE 4.1 Advantages and disadvantages of fuel cells

Advantages Disadvantages

• High energy conversion efficiency
• Modular design, different sizes available
• Low chemical pollution
• Fuel flexibility
• Co-generation capability by using heat

produced
• Quiet operation
• Unlimited run time while fuel is supplied
• No need to be recharged
• Low maintenance due to lack of moving parts
• Low running costs
• Lower weight and volume than conventional

batteries for electric-powered vehicles
• Potential to power portable devices for longer

times than conventional batteries

• Manufacturing process and materials are
expensive; infrastructure required for pumping
gases

• The need for reliable and continual supply of fuel
• Distribution, storage and transportation of

hydrogen is difficult
• Technology of producing hydrogen from other

fuels is still being developed
• Few refuelling stations are available for fuel-cell

vehicles
• Some technological issues with water regulation

and temperature control in some fuel cells
• Electrodes are expensive because they must

also function as catalysts

Comparing fuels cells
Fuel cells offer great potential for the future. The reactions in fuel cells are the same as when burning the
fuels in a combustion reaction. A check of the overall reactions in the AFC, PEMFC and DMFC illustrates
this. As infrastructure is developed for the distribution and storage of their fuels (particularly hydrogen),Pdf_Folio:119
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and electrode manufacturing techniques are improved and become cheaper, fuel cell use should become
more widespread. They are generally no more dangerous than generating electricity by currently used
methods.

TABLE 4.2 Comparison of fuel cells

Fuel cell
type Electrolyte Anode gas

Cathode
gas Temperature Efficiency Applications

Alkaline
(AFC)

Potassium
hydroxide

Hydrogen Pure
oxygen

below 80 °C 50–70% Transportation
Water, heat and electricity

Phosphoric
acid (PAFC)

Phosphoric
acid

Hydrogen,
reformed
hydrocarbon
fuels

Oxygen
and air

210 °C 35–50% Stationary power
generation including
backup power
Larger scale electricity
production

Molten
carbonate
(MCFC)

Alkali,
carbonates

Hydrogen,
carbon
monoxide,
methane,
reformed
hydrocarbon
fuels

Oxygen
and air,
carbon
dioxide

650 °C 45–60% Stationary power
generation including
backup power
Larger scale electricity
production

Proton
exchange
membrane
(PEMFC)

Solid
polymer
membrane

Hydrogen Pure
oxygen
or
oxygen
mixed
with air

75 °C 35–55% Powering small devices
Other portable
applications
Stationary power
generation including
backup power
Larger scale electricity
production

Solid oxide
(SOFC)

Ceramic
oxide

Hydrogen,
methane,
reformed
hydrocarbon
fuels

Oxygen
and air

800–1000 °C 45–60% Stationary power
generation including
backup power
Larger scale electricity
production

Direct
methanol
(DMFC)

Solid
polymer
membrane

Methanol
solution in
water

Oxygen
and air

75 °C 35–45% Powering small devices
Other portable
applications

FIGURE 4.7 Countries such as the US are already using fuel cells to
provide the energy requirements for mass transport.
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4.2.5 Comparison of fuel cells and the combustion of fuels

TABLE 4.3 Comparing fuel cells for energy efficiency, safety, supply, greenhouse gas emissions and
applications

Fuel
Energy
efficiency Safety Supply

Greenhouse gases
(during operation) Applications

Petrol
(octane)

20–35% (in a
combustion
engine)

Very flammable
Special storage
considerations

Crude oil On average, produces
8 molecules of
carbon dioxide and
9 molecules of water
per mole of octane

Transportation
vehicles —
mainly cars

Diesel 25–40% (in a
combustion
engine)

Less flammable
than petrol
Special storage
considerations

Crude oil On average, produces
12 molecules of
carbon dioxide and
12 molecules of water
per mole of dodecane
(C12H24).

Transportation
vehicles —
cars, tractors,
trucks and
trains.

AFC 60% Contains
KOH(aq), which
is corrosive
and uses
hydrogen gas
Special storage
considerations

Mainly methane
gas (from crude
oil) and steam

On average, produces
1 mole of water per
mole of hydrogen

The military
and space
programs

PEMFC 35–60% Uses hydrogen
gas
Special storage
considerations

Mainly methane
gas (from crude
oil) and steam

On average, produces
1 mole of water per
mole of hydrogen

Backup power,
portable power
and specialty
vehicles

Fuel cell efficiency
Although fuel cells can more efficiently convert chemical energy to electrical energy than
fossil fuel power stations, it is important to remember that fuel cells are not 100% efficient
in that conversion.

FIGURE 4.8 The Hyundai Nexo is powered by
a fuel cell stack that uses oxygen from the air
and hydrogen stored in specially-constructed
tanks. Water is the only significant emission.
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4.2.6 Precautions for using hydrogen gas in fuel cells
Hydrogen is a fuel and an awareness of its properties is essential for producing, storing and using it safely.

Hydrogen storage
Hydrogen has a high energy content by weight but not by volume. This means that storing hydrogen can
be difficult, because it is the lightest element and must undergo considerable compression to be contained
in a suitably sized tank, which must withstand the extreme pressures required. Hydrogen can be stored as a
liquid, but this requires keeping its temperature at −252.8 °C in very well-insulated containers. Hydrogen
can also be stored by combining it with certain metal or complex hydrides that can absorb the hydrogen —
from there it can be released by heating it or adding water. Carbon nanomaterials or glass microspheres and
other chemical methods are also being investigated as a means of storage (see figure 4.9).

FIGURE 4.9 Research into improving high pressure hydrogen storage systems for use in cars continues. This
picture shows a recently released polymer gas tank.

Hydrogen safety
Hydrogen has a lower ignition point than hydrocarbons, is highly flammable and has a much lower radiant
heat when ignited than burning hydrocarbons. The flame of burning hydrogen is almost invisible, and this
would pose a problem to firefighters. It is a colourless, tasteless and odourless gas, so leaks are difficult
to detect. However, hydrogen is not toxic and, due to its lightness, leaks would rise and rapidly dissipate
into the air. By contrast, vapour from petrol leaks is denser than air, and can collect below a vehicle and
potentially ignite. Hydrogen can be explosive at relatively higher concentrations than petrol, but, because of
its tendency to rise rapidly, it is less likely to explode than heavier hydrocarbon gases.
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FIGURE 4.10 The Hindenburg airship disaster was caused by leaking hydrogen gas that was ignited by
electrostatic discharge.

4.2.7 Environmental impact of using fuels cells
Molten carbonate and solid oxide cells use methanol or a hydrocarbon, such as natural gas, because the
high operating temperatures allow the reforming hydrogen to occur within the fuel cell structure. Direct
methanol fuel cells use the anode catalyst to remove the hydrogen from the liquid methanol without
a fuel reformer. This process is a more efficient way of producing energy than burning fuel to produce
steam to drive a turbine, which means that less fuel is wasted and that fewer amounts of greenhouse gases
are generated.

In general, fuel cells rely on hydrogen as a fuel, making them more environmentally friendly
than combustion fuels. The hydrogen can be obtained from the electrolysis of water (for more about
decomposition using electricity, see topic 7) or reformed from another fuel, such as methanol, natural
gas, petrol and diesel. Enzymes in cyanobacteria can also generate hydrogen biologically. Solar power,
wind power or bioethanol can be used to power the electrolysis of water into hydrogen and oxygen, and
the reformation process produces fewer greenhouse gases than combustion of these fuels. If hydrogen can
be produced by renewable means, the use of hydrogen results in water being the main by-product of fuel
cells. Additionally, fuel cells do not have the same problems of disposal as lead–acid batteries or the fumes
associated with the use of diesel generators.
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4.2 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Explain the difference between electrochemical cells and fuel cells.
2. For the following fuel cells, write half-equations to show the reactions taking place at each of the electrodes

and then write the overall equation.
(a) An alkaline hydrogen fuel cell.
(b) An acid methane fuel cell.
(c) An ethanol fuel cell.

3. State two advantages of fuel cell vehicles over conventional vehicles.
4. State the three ways in which hydrogen can be stored in a fuel cell vehicle.
5. Discuss two advantages and two disadvantages of using fuels cells rather than fossil fuels for energy.

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: past VCAA exam questions

Fully worked solutions and sample responses are available in your digital formats.

4.3 Review
4.3.1 Summary
Fuel cells

• A fuel cell is an electrochemical device that converts chemical energy into usable DC electricity and
heat using a continuous supply of fuel, without combustion as an intermediary step.

• The simplest fuel cell is the alkaline fuel cell. Its function can be represented by the equation:

2H2(g)+ O2(g) → 2H2O(l)

• There are six basic types of fuel cells, which are based on the electrolyte used:
• alkaline fuel cell
• phosphoric acid fuel cell
• molten carbonate fuel cell
• solid oxide fuel cell
• proton exchange membrane fuel cell
• direct methanol fuel cell.

• Fuel cells are more efficient at generating electricity than combustion of the fuel.
• Fuel cells and galvanic cells both have an anode and a cathode, and an electrolyte to carry ions

between these electrodes. However, in a fuel cell the reactants (fuel and oxidising agent) are supplied
continuously, which means it can generate electricity as long as this supply is maintained.

• The structure and nature of the electrodes in a fuel cell are critical to the effective operation of the cell.
They are often porous and may also contain catalysts.

• The most common fuel for fuel cells is hydrogen, which can be obtained by a reforming process using
hydrocarbon fuels or by using renewable sources to provide electricity to break down water into
hydrogen and oxygen.

• Hydrogen can be stored using compression, liquefying or chemical means.
• Hydrogen is a low molecular mass, a colourless, odourless, non-toxic and flammable gas that requires

particular safety precautions.
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TABLE 4.4 Comparison of fuel cells and galvanic cells

Cell Definition Function Design features
Energy
transformations

Energy
efficiency Applications

Fuel An
electrochemical
cell that
produces
electrical
energy directly
from a fuel

To
provide
an
electrical
current
(DC)

Site of oxidation (negative
anode) is separated from
site of reduction (positive
cathode)
Electrolyte between
electrodes to allow flow
of ions (internal circuit)
Electrodes are porous
(higher surface area as
fuels are often gases)
Uses catalysts
If fuel and oxidising agent
are continuously supplied,
then they do not go flat.
Can be stacked in parallel
to increase voltage.

Convert the
reactant’s
chemical energy
into electrical
energy

35–70% Portable
power
source for
appliances
Backup
power (e.g.
in hospitals)
Transport
vehicles
(forklifts,
buses and
boats)
Submarines
(very quiet
operation)

Galvanic An
electrochemical
cell that
produces
electrical
energy from
chemical
reactions

To
provide
an
electrical
current
(DC)

Site of oxidation (negative
anode) is separated from
site of reduction (positive
cathode)
Electrolyte between
electrodes to allow flow
of ions (internal circuit)
Uses catalysts
Single use — primary cells
cannot be recharged.
Can be stacked in parallel
to increase voltage.

Converts the
stored chemical
energy into
electrical energy

45–90% Portable
power
source
for small
devices
(e.g. mobile
phones,
laptops, etc)

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-31408).

4.3.2 Key terms

alkaline fuel cell (AFC) fuel cell that converts oxygen (from the air) and hydrogen (from a supply) into electrical
energy and heat

direct methanol fuel cell (DMFC) a new technology that is powered by pure methanol
fuel cell an eletrochemical cell that produces electrical energy directly from a fuel
proton exchange membrane fuel cell (PEMFC) a fuel cell being developed for transport applications as well as

for stationary fuel cell applications and portable fuel cell applications

Digital document Key terms glossary – Topic 4 (doc-31406)
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4.3.3 Practical work and investigations

Experiment 4.1
Experiment 4.1 Investigating the hydrogen–oxygen fuel cell (doc-31257)

Teacher-led video 4.1 Investigating the hydrogen–oxygen fuel cell (eles-3462)
Aim: To investigate the chemistry of the hydrogen–oxygen fuel cell

4.3 EXERCISES
To answer questions online and to receive immediate feedback and sample responses for every question,
go to your learnON title at www.jacplus.com.au.

4.3 Exercise 1: Multiple choice questions
1. In a hydrogen–oxygen fuel cell that uses an acidic electrolyte:

A. hydrogen gas is oxidised at the anode to form hydrogen ions
B. hydrogen gas is reduced at the anode to form hydrogen ions
C. hydrogen ions are oxidised at the cathode to form hydrogen gas
D. hydrogen ions are reduced at the cathode to form hydrogen gas.

2. A fuel cell designed to produce electricity from the reaction between grain alcohol and oxygen has the
following overall equation.

C2H5OH(l)+ 3O2(g) → 2CO2(g)+ 3H2O(l)

Which of the following statements is true?
A. Carbon dioxide is evolved at the negatively charged anode.
B. The grain alcohol and oxygen are mixed together in a 1 : 3 ratio within the electrolyte.
C. The grain alcohol undergoes reduction at the negatively charged electrode.
D. Oxide ions travel through the external circuit to the cathode.

3. A major hurdle to the widespread use of fuel cells that use hydrogen and oxygen is:
A. the difficulty in obtaining the oxygen required
B. that they cannot function without the use of an alkaline electrolyte
C. the current difficulty of transporting and storing the hydrogen fuel required
D. that the voltage produced is too small.

4. Which of the following is a feature of a fuel cell but not a galvanic cell?
A. Small size
B. An anode and a cathode
C. A suitable electrolyte
D. Input connections for chemicals

5. The process of fuel reforming involves:
A. adding oxygen to a fuel to assist combustion
B. converting a fossil fuel into carbon monoxide
C. removing carbon monoxide from a fossil fuel
D. converting a fossil fuel into hydrogen.

6. When hydrogen burns in air, it reacts to form:
A. H2O
B. N2

C. CO2

D. CH4
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7. Hydrogen can be stored as a:
A. compressed gas
B. liquid
C. metal hydride
D. all of the above.

4.3 Exercise 2: Short answer questions
1. a. What is a fuel cell?

b. List the advantages of a fuel cell over a primary galvanic cell.
2. Fuel cells have been used in spacecraft for a number of years as a source of electrical energy. To obtain

sufficient current, two gases, hydrogen and oxygen, are kept in cylinders under high pressure. The gases
are passed over nickel electrodes. The product of these fuel cells is water, which is drunk by the
astronauts. Each hydrogen–oxygen fuel cell used in the Apollo spacecraft weighed approximately
100 kg.
a. What advantages do fuel cells have over internal combustion engines for use in spacecraft?
b. What are the limitations of fuel cells, compared with the internal combustion engine?

3. Fuel cells have been developed to run on methane. Assuming that the electrolyte is acidic:
a. write the half-equation for the oxidation reaction
b. write the half-equation for the reduction reaction.
Draw a diagram of this cell and label the following.
c. The methane and oxygen inlets
d. The anode and cathode and their polarities
e. The direction of electron flow
f. The ion flow in the electrolyte.

4. Obtaining hydrogen for use in fuel cells is not yet economically viable, but researchers have come up
with a fuel cell that runs on octane, the main component of petrol. Previously, the reforming process
caused a build-up of carbon on the electrodes in the fuel cell, reducing efficiency. A new system
combines the reformer and the fuel cell and uses a more advanced catalyst.
a. Write the equation for the combustion of octane, C8H18.
b. This reaction is the same as the one that occurs in the fuel cell and produces the same amount of

carbon dioxide. Explain what benefit there is in using a fuel cell to supply energy to power a vehicle.
c. Write the half-equations for the anode and cathode reactions in this fuel cell assuming an acidic

electrolyte.
d. Add the two half-equations from question 4c to get the overall reaction. Compare your answer with

question 4a. What do you notice?
5. Discuss the statement ‘Electrochemical cells may help decrease our use of fossil fuels as an energy

source’.
6. Describe how the method of producing electricity from an electrochemical cell differs from the method

of producing electricity from:
a. a hydro-electricity scheme
b. a coal-fired power station.

4.3 Exercise 3: Exam practice questions
Question 1 (5 marks)
Fuel cells have been developed to use different alkanes for fuels. An example is the propane–oxygen fuel
cell. The overall reaction (assuming an acidic electrolyte) is identical to the combustion of propane in
oxygen.

C3H8(g)+ 5O2(g) → 3CO2(g)+ 4H2O(l)
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a. Write an equation showing the reaction occurring at the anode. 1 mark
b. Write an equation showing the reaction occurring at the cathode. 1 mark
c. Describe two advantages in using propane in a fuel cell instead of burning propane in a

power station. 2 marks
d. How do the electrodes in a fuel cell differ from those in a primary cell? 1 mark

Question 2 (4 marks)
The chairperson of a leading car manufacturer says, ‘Cars powered by hydrogen will be pollution-free and
are therefore carbon-neutral’.
a. Give two reasons why this state is not true. 2 marks
Hydrogen has been proposed by many car manufacturers as a future alternative to fossil fuels. One
possibility is to store hydrogen as a solid hydride, which generates hydrogen gas when heated.
b. What is one advantage of using hydrogen instead of petrol as a fuel for vehicles? 1 mark
c. What is one advantage of storing the hydrogen as a solid hydride rather than as a gas? 1 mark

Past VCAA examinations

Access and sit past VCAA examinations, with immediate feedback, marking guides and examiner’s report.
Access Course Content and select ‘Past VCAA examinations’ to sit the examination online or offline.
Fully worked solutions and sample responses are available in your digital formats.

Test maker
Create unique tests and exams from our extensive range of questions, including practice exam questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.

Pdf_Folio:128

128 Jacaranda Chemistry 2 VCE Units 3 & 4 Second Edition

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS




