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“Electrochemistry”
Lesson 3: “Electrolysis”

Inspire Chemistry
Module 19



Part 1

Learning objectives:

Describe how a spontaneous redox reaction of an electrochemical cell can be reversed

Define electrolysis, while relating the definition to the concept of spontaneity of redox 
reactions
 
Compare between electrolytic cell and voltaic cell in terms of identifying where will reduction 
and oxidation processes take place, anode, cathode, direction of electron flow and current 
flow and spontaneity of the reaction occurring.



Focus Questions

What are the differences between Voltaic Cells and Electrolytic 
cells?

How do electrolytic cells use energy to drive nonspontaneous 
reactions?

What are some of the applications of Electrolytic cells?



New Vocabulary

electrolysis

electrolytic cell



Electrolysis

• Reversing Redox Reaction

• The use of electrical energy to bring about a chemical reaction is called 
electrolysis. 

• An electrochemical cell in which electrolysis occurs is called an electrolytic cell. 

• For example, when a secondary battery is recharged, it is acting as an electrolytic 
cell.



• The use of electrical energy to bring about a chemical reaction is 
called electrolysis.

• An electrochemical cell in which electrolysis occurs is called an 
electrolytic cell.

Reversing Redox Reactions



Quiz

oxidation 4

electrolysis 3

galvanization 2

reduction 1

Which is the use of electrical energy to bring 
about a chemical reaction?

1.

CORRECT



Quiz

an electrolytic cellD

a half-cellC

a fuel cellB

a voltaic cellA

Which is an electrochemical cell in which 
electrolysis occurs?

2.

CORRECT



Differences between voltaic cells and electrolytic cells



Differences between voltaic cells and electrolytic cells



Differences between voltaic cells and electrolytic 
cells

Voltaic Cell Electrolytic Cell

Voltaic cells convert chemical energy 
to electrical energy as a result of a 
spontaneous redox reaction.

Electrolytic cells use electrical energy 
to drive a nonspontaneous reaction. 

In these electrochemical cells, the 
anode is negatively charged, and the 
cathode is positively charged.

These cells feature a positively charged 
anode and a negatively charged 
cathode.

The electrons originate from the 
species that undergoes oxidation.

Electrons originate from an external 
source (such as a battery).

Chemical energy ՜ Electrical energy Electrical energy ՜ Chemical energy 

NOTE:  Cathode is ALWAYS where Reduction happens regardless if the cell is voltaic or 
Electrolytic.

Anode is Always where oxidation happens regardless if the cell is Voltaic or Electrolytic.



• X is “Anode” (+) and Y is “Cathode”(-)
• Electrons move from X to Y.
• Current moves from Y to X.

Find the following:

-What type of electrochemical cells is this?
 Electrolytic cell
-Is the reaction spontaneous or non-spontaneous?
 non-spontaneous



Activity: concept check

• What type of electrochemical cell is this?

• What is the charge on anode and cathode?

• Is the cell reaction spontaneous or nonspontaneous?

Electrolytic cell

Anode is positive and cathode is 
negative 

Nonspontaneous



Part 2

Learning objectives:

Write half-cell reactions while identifying the products of electrolysis of molten ionic 
compounds

Write half-cell reactions while identifying the products of electrolysis of aqueous ionic 
compounds
 
Define electroplating while describing how it works, identifying anode, cathode and 
electrolyte needed for an electrolytic cell in which a selected metal is to be plated on an 
object (car or spoon,…etc)



Applications of 
Electrolysis

Applicati
ons

Aluminum 
production

The 
electrolys

is of 
water

Electrolysis 
of molten 

NaCl

Electrolysis 
of brine

Electropla
ting

Purificatio
n of ores



Applications of Electrolysis: The electrolysis of water

The electrolysis of water 
is one method by which 

hydrogen gas can be 
generated for commercial 

use.

Use electrical energy to drive 
a nonspontaneous reaction.

2H2O(l) → 2H2(g) + O2 (g)



Applications of 
Electrolysis

Applicati
ons

Aluminum 
production

The 
electrolys

is of 
water

Electrolysis 
of molten 

NaCl

Electrolysis 
of brine

Electropla
ting

Purificatio
n of ores



Reactions in Down’s Cell

Ionic compounds can conduct electricity only when their 
ions are free to move, such as when they are dissolved in 
water or are in the molten state.

• At the anode, chloride ions are oxidized to chlorine (Cl2) gas.

           2Cl- (l) → Cl2 (g) + 2e –

• At the cathode, sodium ions are reduced to sodium metal.

           Na+ (l) + e- → Na(l)

• The net cell reaction;

2Na+
(l) + 2Cl-

(l) → 2Na(l) + Cl2(g)

Electrolysis of molten NaCl 
• Electrolysis can separate molten sodium chloride into sodium metal 

and chlorine gas in a chamber called a Down’s cell.



Electrolysis of molten NaCl 



Electrolysis of molten NaCl 



Electrolysis of molten NaCl 
• Electrolysis can separate molten sodium chloride into sodium 

metal and chlorine gas in a chamber called a Down’s cell.

• Importance of Chlorine: 
used in water purification, 
chlorine compounds are used 
as bleach. 
Chlorine is used in the 
production of paper, plastics, 
insecticides, textiles, dyes, and 
paints.

• Importance of sodium: 
sodium is used as a coolant in 
nuclear reactors,  sodium vapor 
lamps used for outdoor lighting, 
a variety of ionic compounds of 
sodium are present in the food.



Electrolysis of molten NaCl 

• Importance of 
sodium:

sodium is used as a 
coolant in nuclear 
reactors,  sodium vapor 
lamps used for outdoor 
lighting, 
a variety of ionic 

• Importance of Chlorine: 
used in water purification, chlorine 
compounds are used as bleach. 
Chlorine is used in the production of 
paper, plastics, insecticides, textiles, 
dyes, and paints.

• Electrolysis can separate molten sodium chloride into sodium metal 
and chlorine gas in a chamber called a Down’s cell.



Activity

• Should the potential be positive or negative?

At the anode:

At the cathode:

Overall cell reaction;

2Cl-(l) ՜ Cl2(g) + 2e–            

2Na+ + 2e-  ՜ 2Na

2Cl-
(l)  +  2Na+   ՜    2Na(s) + Cl2(g)     E

0
cell = -4.07V

The Down’s cell is a 
nonspontaneous reaction, so 

the potential should be 
negative.



Activity

At the anode:

At the cathode:

Overall cell reaction;

2 Br-  → Br2 (g) + 2 e– 

Pb2+ + 2e- → Pb 

Pb2+ + 2Br- (l) → Pb + Br2 

The electrolysis of molten lead (II) bromide, PbBr2 

 
Ions are: Pb2+ and Br-

REMEMBER: Molten = Liquid (l)

We produced solid “Pb” and 
gaseous “Br2”



Electrolysis of brine (Aqueous Solution) 
Brine is an aqueous solution of sodium chloride. Brine can be 
decomposed by electrolysis to produce hydrogen, chlorine and sodium 
hydroxide.

Cell reactions

At the cathode: two reactions are possible;

1. Na+
(aq) + e- Na(s)     

2. H2O(l) + 2e- H2(g) +2OH-
(aq)

At the anode: two reactions are possible;

1. 2Cl -
(aq)                    Cl2(g) + 2e–  

2. 2H2O(l) O2(g) + 4H+
(aq) + 4e– 

Water is easier to reduce, 
and thus is reduced 
preferentially.

Because chlorine is the desired 
product the concentration of 
chloride ions is kept high in order to 
favor this half-reaction.

The overall cell reaction; 

2H2O(l) + 2NaCl(aq) → H2(g) + Cl2(g) + 2NaOH(aq)



Quiz

H2O(l) and NaCl(s)D

H2(g), Cl2(g), O2(g) and 
Na(s)

C

H2O(l) and NaCl(aq)B

H2(g), Cl2(g) and 
NaOH(aq)

A

In the decomposition of brine, electrolysis is used to 
produce ______.

4.

CORRECT



Electroplating
• Electroplating is the process of applying a uniform 

coating of metal on another piece of metal usually 
as a protective or decorative layer.



Electroplating

• Electroplating with a metal such 
as silver is accomplished with a 
method similar to that used to 
refine copper.

Silver plating
In silver plating the object to be 
plated is the cathode where silver 
ions in the electrolyte solution are 
reduced to silver metal and 
deposited on the object.



Activity

Figure shows a key being electroplated 
with copper (Cu) in an electrolytic cell. 

Where does oxidation occur? 

Explain your answer.

Oxidation happens in the Cu electrode because it is the Anode (+)

Reduction happens in the Key because it is the cathode (-), also 
because the Cu will be plated on the key, which makes it the cathode 
automatically.



Quiz

galvanizationDreductionB

corrosionCoxidation A

Which occurs where an object is being electroplated? 5.

CORRECT



Section summary

• In an electrolytic cell, an outside source of power causes a 
nonspontaneous redox reaction to occur. 

• The electrolysis of molten sodium chloride yields sodium metal 
and chlorine gas.

• The electrolysis of brine yields hydrogen gas, sodium hydroxide, 
and chlorine gas. 

• Metals such as copper are purified in an electrolytic cell. 

• Electrolysis is used to electroplate objects and to produce pure 
aluminum from its ore.


