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Galvanic 
cells

• Spontaneous chemical
reaction

• Chemical energy
converted to electrical
energy

• Electrical current
generated

• E𝛉cell is positive
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Galvanic
cells

• Anode:
• Oxidation

• Negative electrode

• Decrease in mass

• Cathode
• Reduction

• Positive electrode

• Increase in mass
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Functions of a salt
bridge

• Separates the electrolytes

• Completes the circuit

• Provides a path through which ions 
can move to ensure neutrality of the 
electrolytes

• Maintains electrical neutrality of the 
electrolyte solutions

This Photo by Unknown Author i s l icensed under CC BY-SA

https://commons.wikimedia.org/wiki/File:Galvanic_Cell.svg
https://creativecommons.org/licenses/by-sa/3.0/


Functions of a salt 
bridge

• Usually contains saturated ionic 
solution

• Concentrated solution reduces 
internal resistance

• Examples of ionic solutions:

• NaCl

• KCl

• KNO3

• Na2SO4
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Zinc-
copper 
cell
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Zinc-copper 
cell: 
cell notation
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Zn | Zn2+ (I mol.dm-3)|| Cu2+ (I mol.dm-3)| Cu

Electrode

Electrolyte

Salt bridge

Electrolyte

Electrode

Cell notation



Standard hydrogen 
electrode

• Hydrogen electrode (H2) has been chosen as the 
reference electrode (half cell)

• We compare other half cells to it

• It has a standard electrode potential of 0,00 V

• H2 is bubbled through a dilute acid electrolyte over a 
platinum electrode

• Platinum is inert/ inactive

• The Pt absorbs H2 gas onto its surface, enabling the H2 

to be in contact with the ions in the solution



Standard hydrogen
electrode

• Standard conditions:
• Temperature of 25∘C or 298K

• Concentration of solutions of 1 mol.dm-3

• Pressure of 1 atm (only applicable to gasses)

• Cell notation for hydrogen half-cell:

Pt | H2 (g) |H+ (aq) (I mol.dm-3)



Table 4B
Oxidation half reaction
Reducing agent
Anode (-)

Reduction half reaction
Oxidizing agent
Cathode (+)



Copper and hydrogen half-cells

The half-cell reactions are as follows:

Oxidation half-reaction:   H2  →  2H+ + 2e-         

Reduction half-reaction: Cu2+ + 2e-   → Cu 

Net cell reaction: Cu2+ + H2 →    Cu + 2H+



Copper and hydrogen half-cells: Cell notation

Pt | H2 (g) |H+ (aq) (I mol.dm-3)|| Cu2+ (aq)(I mol.dm-3)| Cu(s)
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Zinc and hydrogen half-cells: Cell notation
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Zinc and hydrogen half-cells: Cell notation

Zn (s) |Zn2+ (aq) (I mol.dm-3)|| H+ (aq) (I mol.dm-3) | H2 (g) | Pt
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Cell potential

E𝛉cell = E𝛉cathode - E𝛉anode

• Positive cell potential – spontaneous reaction

• Indicates that the FORWARD reaction of the redox reaction is favoured

• The higher the value, the further the equilibrium moves to the right



Example
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Electrolytic 
cells

Electrochemical reactions

Grade 12
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Galvanic vs Electrolytic cells
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Electrolytic cells

• Non-spontaneous chemical reaction

• Electrical energy converted to chemical energy

• Needs a battery 

• Anode is +

• Cathode is -

• E𝛉cell is negative
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Differences between galvanic cells and 
electrolytic cells

• Chemical energy to electrical energy

• Spontaneous

• Exothermic

• Separate beakers/ electrolytes

• Salt bridge connects two half-cells

• Positive cell potential

• Anode is negative

• Cathode is positive

• Electrical energy to chemical energy

• Non-spontaneous

• Endothermic

• Same electrolyte in one beaker

• No salt bridge

• Negative cell potential

• Anode connected to positive terminal

• Cathode connected to negative terminal



Similarities between galvanic 
cells and electrolytic cells

• Oxidation at anode

• Negative ions move towards anode

• Reduction at cathode

• Positive ions move towards cathode

• Electrons flow from the anode to cathode

• The mass of the anode decreases

• The mass of the cathode increases



Table 4A
Oxidation half reaction
Reducing agent
Anode (+)

Reduction half reaction
Oxidizing agent
Cathode (-)



Decomposition of 
copper chloride

• ANODE
• Positive electrode

• Negative Cl- ions will move to the 
anode

• Cl- ions are OXIDISED to Cl2
• Cl- ions acts as the REDUCING AGENT

• CATHODE
• Negative electrode

• Positive Cu2+ ions will move to the 
cathode

• Cu2+ ions are REDUCED to Cu

• Cu2+ ions acts as the OXIDISING AGENT
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Electrolysis 
of a saline 
solution

• Ionic salt dissolved in water

• + and - ions of the salt

• H+ and OH- of the water

• Metal ions from group I and II elements are weaker oxidizing agents than H2O
• Metal ions will remain in solution

• H2O will be reduced to form H2 and OH-
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Electrolysis 
of a saline 
solution

• Ionic salt dissolved in water

• + and - ions of the salt

• H+ and OH- of the water

• Metal ions that are stronger oxidizing agents than H2O
• Cu, Au, Ag, Pt

• The metal ions will be reduced
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Electrolysis 
of a saline 
solution

• EXAMPLE: CuCl2 (aq)

• Oxidation half-reaction: 2Cl- → Cl2 + 2é

• Reduction half-reaction: Cu2+ + 2é → Cu
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Electrolysis 
of a saline 
solution

• Ionic salt dissolved in water

• + and - ions of the salt

• H+ and OH- of the water

• Negative ions of a halogen are oxidized more easily than H2O (except F-)

• Fluorine ion, sulphate, carbonate, nitrate and phosphate are not oxidized, water will be oxidized 
instead to form O2 gas.
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Electrolysis 
of a saline 
solution

• Negative ions of a halogen are oxidized more easily than H2O (except F-)

• Fluorine ion, sulphate, carbonate, nitrate and phosphate are not oxidized, water will be oxidized 
instead to form O2 gas.

• EXAMPLE: NaSO4

• Cathode (Reduction half-reaction): 2H2O + 2é → H2 + 2OH-

• Anode (Oxidation half-reaction): 2H2O → O2 + 4H+ + 4é

• Net reaction:   6H2O → 2H2 + 4OH- + O2 + 4H+

2H2O → 2H2 + O2
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Electroplating

• Nickel spoon is coated with Ag

• Object that has to be coated is the cathode

• Anode – metal X (metal that will form the 
coating)

• Electrolyte – metal salt solution containing 
metal X-ions

• NB: In electroplating the SAME metal is 
oxidized and reduced
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Electrorefining of 
copper

• Purification of copper

• Pure copper: Cathode

• Layer of pure copper forms on electrode

• Mass of cathode increases

• Impure copper: Anode

• Impure copper oxidised

• Mass of anode decreases

• Less reactive elements and compounds from 
the impure copper will precipitate to the 
bottom of the container



Table 4A
Oxidation half reaction
Reducing agent
Anode (+)

Reduction half reaction
Oxidizing agent
Cathode (-)
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Example 1



Example 2



Example 3



Example 4



Example 5



Example 6
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