
9.2 Electrochemical Cells
Essential idea: Voltaic cells convert chemical energy to electrical energy and electrolytic cells convert electrical energy to chemical energy.

Key info to revise:
· Understand how electricity is produced in a voltaic cell 
· Describe the features of an electrolytic cell 
· Understand the differences between an electrolytic cell and a voltaic cell 
· Understand how current is conducted during electrolysis 
· Predict the products of electrolysis of a molten salt 
· Write half-equations for the reactions occurring at the electrodes during electrolysis

Understandings
Overall：
Electrochemical cells 
· Definition: a device capable of either generating electrical energy from chemical reactions or using electrical energy to cause chemical reactions.
· Two main types:
· Voltaic(galvanic) cells- converts energy from spontaneous, exothermic chemical processes to electrical energy
· Electrolytic cells-converts electrical energy to chemical energy, by bringing about non-spontaneous processes
· An electrode is a conductor of electricity used to make contact with a non-metallic part of a circuit, such as the solution in a cell (electrolyte)
· Electrochemical cells contain two electrodes, anode and the cathode
· In both voltaic and electrolytic cells:
· Oxidation is at the anode
· Reduction is at the cathode
· Mnemonic is “An Ox, red cat“
· In voltaic cell
· Cathode is positive
· Anode is negative
· In electrolytic cell
· Cathode is negative
· Anode is positive

· Voltaic (Galvanic) cells: Voltaic cells convert energy from spontaneous, exothermic chemical processes to electrical energy. 
· Voltaic cells convert energy from spontaneous exothermic chemical processes to electrical energy. They are formed by connecting together two half-cells by a salt bridge and an external circuit.
· Consists of two half-cells. These two are separated, connected only by a salt bride. Oxidation occurs at one half-cell (anode), reduction occurs at on half-cell (cathode）
· There are different types of electrodes used in voltaic cells, the most common one is
· metal/metal ion electrode
· Metal/metal ion electrode


· Salt bridge which connects both electrodes has multiple functions:
1. Provides physical separation of reduction and oxidation processes
2. Provides electrical continuity for anions and cations
3. Reduces the liquid-junction potential. This is the voltage generated when two different solutions come into contact with each other
· Salt bridge contains a concentrated solution of a strong electrolyte. The high concentration allows ions to diffuse out of it. The ions in a salt bridge must be inert
· 
[image: Voltaic Cell]
· Voltaic (Galvanic) cells: Oxidation occurs at the anode (negative electrode) and reduction occurs at the cathode (positive electrode) in a voltaic cell. 
· The anode is the electrode where oxidation occurs. It has a negative charge in a voltaic cell.
· The cathode is the electrode where reduction occurs. It has a positive charge in a voltaic cell.
· In voltaic cells the anode is negative and the cathode is positive.
· Electrolytic cells: Electrolytic cells convert electrical energy to chemical energy, by bringing about non-spontaneous processes. 
· Electrolytic cells use electrical energy to drive non-spontaneous chemical change.
· Electrolytic cells consist of a container of electrolyte, two electrodes, and a battery which is considered an electron pump
· There are many types of electrolytic cells, most common one is molten salt cell
[image: Electrolytic Cell]
· Electrolytic cells: Oxidation occurs at the anode (positive electrode) and reduction occurs at the cathode (negative electrode) in an electrolytic cell. 
· The anode is the electrode where oxidation of anions occurs. It has a positive charge in an electrolytic cell.
· The cathode is the electrode where reduction of cations occurs. It has a negative charge in an electrolytic cell.
· In electrolytic cells the anode is positive and the cathode is negative.
· Half Cells
· Because copper is less reactive metal, in its half-cell the equilibrium position for the equivalent reaction lies further to the right.[image: ][image: ]
· In other words, copper has less of a tendency to lose electrons than zinc. 
· Consequently, there are fewer electrons on the copper metal strip so it will develop a higher (or less negative) electrode potential than the zinc half-cell [image: ]
· In general, the more reactive a metal, the more negative its electrode potential in its half-cell
· Any two half-cells can be connected together to make a voltaic cell
· The direction of electron flow and the voltage generated will be determined by the difference in reducing the strength of the two metals
· In most metals, this can be judged by the relative position of the metals in the reactivity series

Applications and skills
· Construction and annotation of both types of electrochemical cells. 
· Traditionally a battery is represented by a ‘long thin line and a short fat line’The positive pole of the battery (long thin line) and which the negative (short fat line)
· Explanation of how a redox reaction is used to produce electricity in a voltaic cell and how current is conducted in an electrolytic cell. 
· Electrons flow through the external circuit of a voltaic cell from anode to cathode. Voltaic cells generate an EMF known as the electrode potential, E.
· In an electrolytic cell, current is supplied through a power source, and enters and leaves the electrolyte at the electrodes. It is carried through the electrolyte by mobile ions. Neutral products are discharged from each electrode.
· Distinction between electron and ion flow in both electrochemical cells. 
· Performance of laboratory experiments involving a typical voltaic cell using two metal/metal-ion half-cells. 
· Deduction of the products of the electrolysis of a molten salt. 
· The electrolyte is a molten salt or aqueous solution that undergoes chemical change.
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