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Electrolysis is a process whereby a compound is decomposed into its constituent elements when an electric current passes through an electrolyte.Michael Faraday was a pioneer in the field of electrolysis. He introduced the term electrolysis’ in 1834. The suffix ‘lysis’ is a Greek word, meaning ‘break down’.An electrolytic cell consists of a battery, an
electrolyte that contains cations (positive ions) and anions (negative ions) and two electrodes. Classification of electrodes and their definitions are given in Table.TermDefinitionElectrodeA conductor in the form of a wire, rod or plate which carries electric current in and out of the electrolyte during electrolysis.Active electrodeAn electrode which takes
part in chemical reactions during electrolysis. Examples: metal electrodes such as copper, silver and mercury.Inert electrodeAn electrode which does not take part in chemical reactions during electrolysis. Examples: carbon (graphite) and platinum electrodes.AnodeAn electrode which is connected to the positive terminal of the source of electricity in
an electrolytic cell.CathodeAn electrode which is connected to the negative terminal of the source of electricity in an electrolytic cell.People also askThe process of electrolysis involves two stages. (a) Stage 1: Movement of ions to the electrodesCations (positive ions) move towards the cathode, the negatively-charged electrode.Anions (negative ions)
move towards the anode, the positively-charged electrode.(b) Stage 2: Discharge of ionsCations are discharged at the cathode by accepting electron(s) from the cathode, which has an excess of electrons.Anions are discharged at the anode by donating electron(s) to the anode, which has a lack of electrons.Electrons flow from the anode to the cathode
through the connecting wire in the external circuit. When ions are discharged at the electrodes, they form atoms or molecules. Figure shows the mechanism of electrolysis of molten lead(II) bromide. Electrolysis of molten magnesium oxide:Molten magnesium oxide, MgO contains magnesium ions, Mg2+ and oxide ions, O2- that move freely.The Mg2+
ions move to the cathode while the O2- ions move to the anode.At the cathode: Each Mg2+ ion is discharged by accepting two electrons to form a magnesium atom, Mg. Half-equation: Mg2+(1) + 2e- —» Mg(s) Thus, magnesium metal is formed at the cathode.At the anode: The O2- ions are discharged by donating electrons to form neutral oxygen
molecules, O2. Half-equation: 202-(1) —» O2(g) + 4e- Thus, oxygen gas is released at the anode.Overall equation: 2Mg2+(l) + 202-(1) - 2Mg(s) + O2(g)Electrolysis of molten lead bromide experimentAim: To investigate the electrolysis of molten lead(II) bromide. Material: Solid lead(II) bromide. Apparatus: Batteries, switch, carbon electrodes with
holders, connecting wires with crocodile clips, ammeter, crucible, tripod stand, pipe-clay triangle, Bunsen burner, 250 cm3 beaker and tongs. Procedure: A crucible is filled with solid lead(II) bromide, PbBr2 until it is half full.The solid lead(II) bromide is heated until it is completely melted.The apparatus is set up as shown in Figure. The switch is
turned on to allow electricity to pass through the molten lead(II) bromide for about 20 minutes.After that, the switch is turned off and both electrodes are taken out from the electrolyte. The molten lead(II) bromide is carefully poured into a beaker using a pair of tongs.All the observations are recorded.Observations:ElectrodeObservationAnodeA brown
gas with a pungent and choking smell is released.CathodeA shiny grey globule is found at the bottom of the crucible.The ammeter needle is deflected.Discussion:The molten lead(II) bromide contains lead(II) ions, Pb2+ and bromide ions, Br that move freely.The Pb2+ ions move to the cathode while the Br- ions move to the anode.At the cathode: Each
Pb2+ ion is discharged by accepting two electrons to form a lead atom, Pb. Half-equation: Pb2+(1) + 2e- — Pb(s) Thus, lead metal is formed at the cathode.At the anode: The Br- ions are discharged by donating electrons to form neutral bromine molecules, Br2. Half-equation: 2Br-(1) - Br2(g) + 2e- Thus, bromine gas is released at the anode. Overall
equation: Pb2+(1) + 2Br-(1) —» Pb(s) + Br2(g) This shows that molten lead(II) bromide can be broken down to lead and bromine gas through electrolysis. Conclusion: The electrolysis of molten lead(II) bromide produces lead metal at the cathode and bromine gas at the anode. Recall: A simple binary ionic compounds contains only two elements - a
metal and a non-metal. When the ionic compound is in the molten state, the locked ions within the ionic structure will be free to move about (conduct electricity).A typical setup for electrolysis of molten compounds is shown below:The metallic ions (cations - $M~™ {n+}$) will be discharged at the cathode to form a metal atom. The metallic ions are
REDUCED to metal at the cathode. (because they gain electrons)$$M ™ {n+} + ne” {-} \rightarrow M$$The non-metallic ions (anions - $N"{n+}$) will be discharged at the anode to form a non-metallic atom. The non-metallic ions are OXIDISED to non-metallic atom at the anode. (because they lose electrons)$$N"{n+} \rightarrow N + ne” {-
}$$Case Study: Electrolysis of molten sodium chloride, $NaCl$Electrodes: Carbon rods (Graphite)Electrolytes: Molten sodium chloridelons present in electrolytes: Sodium ions ($Na” {+}$), Chloride ions ($Cl1"™ {-}$)Reaction at the CATHODE:$Na" {+}$ ions are attracted to the cathode.Each $Na” {+}$ ion gains one electron from the cathode to
form one sodium atom.Molten sodium is formed at the anode.Relevant equation: $Na"~{+} (1) + e”{-} \rightarrow Na(s)$ (Reduction)Reaction at the ANODE:$Cl1"~{-}$ ions are attracted to the anode.Each $CI1™ {-}$ ions loses one electrons to the anode to form one chlorine atom.Chlorine gas is liberated at anode.Relevant equation: $2C1"™{-} (1)
\rightarrow Cl {2}(g) + 2e"™{-}$ (Oxidation)Overall reaction:Every 2 moles of sodium chloride produce 2 moles of sodium metal and 1 mole of chlorine gas$2NaCl (1) \rightarrow 2Na(s) + Cl {2} (g)$Case Study: Electrolysis of molten magnesium oxide, MgOElectrodes: Carbon rods (Graphite)Electrolyte: Molten magnesium oxidelons present in
electrolyte: Magnesium ions ($Mg”~{2+1}$), Oxygen ions ($O" {2-}$)Reaction at the CATHODE:$Mg~™{2+1}$ ions are attracted to the cathode.Each $Mg”~ {2+1}$ ion gains two electrons from the cathode to form one magnesium atom.$Mg~{2+} (1) + 2e™{-} \rightarrow Mg(s)$Reaction at the ANODE:$0"{2-}$ ions are attracted to the anode.Each
$0"{2-}$ ion loses two electrons to the anode to form one oxygen atom.$20"{2-} (1) \rightarrow O {2} (g) + 4e”{-}$Overall reaction:Every two moles of magnesium oxide produce two moles of magnesium metal and one mole of oxygen gas.$2MgO (1) \rightarrow 2Mg(s) + O {2} (g)$ Share — copy and redistribute the material in any medium or
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01206657616 Electrolysis of molten salt is a crucial electrochemical process with applications ranging from metal extraction to energy storage and industrial synthesis. Molten salts, characterized by their high ionic conductivity, serve as efficient electrolytes in this process, enabling the dissociation of salts into their constituent ions upon applying an
electric current. This controlled decomposition allows for the extraction of metals, synthesis of chemicals, and other transformative reactions essential to various industries. What is Electrolysis?Electrolysis is a chemical process that involves the decomposition of a substance called an electrolyte, by passing an electric current through it. This process
occurs in an electrolytic cell, which consists of two electrodes (a cathode and anode) immersed in the electrolyte solution or molten salt. When an electric current is applied, positive ions move towards the cathode, while negative ions move towards the anode. These ions undergo oxidation and reduction reactions at the electrodes, leading to the
formation of new chemical compounds or the liberation of elemental substances. Faraday's Laws of ElectrolysisFaraday's law of electrolysis is a fundamental principle in electrochemistry that describes the quantitative relationship between the amount of substance produced or consumed during an electrolysis reaction and the quantity of electricity
passed through the electrolyte. Faraday's First Law Faraday's first law states that the amount of material deposited or liberated at an electrode during electrolysis is directly proportional to the quantity of electric charge (electricity) passed through the electrolyte. Mathematically, it can be expressed as: m = kxQ where, m is the mass of substance
deposited or liberated at the electrode,k is a proportionality constant specific to the substance being electrolyzed and its electrochemical equivalents,Q is the quantity of electric charge passed through the electrolyte, measured in coulombs.Faraday's Second Law Faraday's second law establishes the relationship between the quantity of electricity
passed through the electrolyte and the chemical equivalents of the substances involved in the electrolysis reaction. It states that the mass of different substances deposited or liberated by the same quantity of electric charge is proportional to their chemical equivalent weights. Mathematically it can be expressed as: m1/nl = m2/n2 =m3/n3 =. ...
where, m1, m2, m3, represent the masses of different substances deposited or liberated during electrolysis,n1, n2, n3, represent the chemical equivalents of the respective substances.Electrolysis of molten salts is a process in which an electric current is passed through a molten salt to facilitate chemical reactions that result in the decomposition of
the salt into its constituent elements or compounds. Molten salts, due to their ability to conduct electricity as a result of ion mobility, serve as effective electrolytes in this process. Electrolysis of molten salts is utilized in various industrial processes, including the production of metals, chemical synthesis, electroplating and energy storage. It offers a
versatile and efficient method for the extraction and processing of valuable substances from molten salt electrolytes. Process of Electrolysis of Molten SaltsSelection of Molten Salt: The choice of molten salt depend on the desired reaction and the elements or compounds to be produced.Setup of Electrolytic Cell: An electrolytic cell is assembled with a
container capable of withstanding high temperatures to hold the molten salt. Two electrodes, typically made of inert materials like graphite or platinum, are immersed in the molten salt. These electrodes serve as the cathode ( negative electrode) and anode (positive electrode).Application of Electric Current: An external power source, usually a direct
current(DC) power supply, is connected to the electrodes. The positive terminal of the power supply is connected to the anode, while negative te3rminal is connected to the cathode. This setup allows for the flow of electrons from the cathode to the anode through the molten salt.Redox Reactions at Electrodes: As the electric current passes though the
molten salt, cations migrate towards the cathode, while anions migrate towards anode. At the cathode, reduction reactions occur, leading to the deposition of metal or the formation of other reduced species. At the anode, oxidation reactions take place, resulting in the formation of non-metal or other oxidized species.Product Formation: The products
of electrolysis depend on the composition of the molten salt and the specific reactions occurring at the electrodes.Collection and Processing of Products: The products of electrolysis can be collected and further processed according to their intended applications. This may involve purification, refining or additional chemical reactions to obtain the
desired final products.Electrolysis of Sodium ChlorideThe electrolysis of sodium chloride (NaCl) is a process that occurs when an electric current is passed through a molten or aqueous solution of sodium chloride. The process involves the decomposition of the compound into its constituent elements, sodium (Na) and chlorine (C12) through the
following reactions: At the cathode (negative electrode): 2Na+ + 2e- = 2Na Sodium ions gain electrons (reduction) and form sodium metal, which may either float to the surface or remain in solution as sodium ions. At the anode (positive electrode):2Cl- — Cl12 + 2e- Chloride ions lose electrons (oxidation) and form chlorine gas. The overall reaction can
be represented as: 2NaCl (1) - 2Na (s) + Cl2 (g) Redox Reactions for Electrolysis of Molten SaltsIn the electrolysis of molten salts, redox reactions occur at the electrodes. Let's consider some examples: Electrolysis of Molten Sodium Chloride (NaCl):At the cathode: 2Na+ + 2e- —» 2Na At the anode: 2Cl- = Cl2 +2e- Overall reaction: 2NaCl (1) - 2Na (s)
+ CI2 (g) Electrolysis of Molten Aluminum Oxide (Al203):At the cathode: Al3+ + 3e- — Al At the anode: 202- - 02 + 4e- Overall reaction: 2A1203 (1) = 4Al (1) + 302 (g) Electrolysis of Molten Calcium Chloride (CaCl2):At the cathode : Ca2+ + 2e- = Ca At the anode: 2Cl- — Cl12 + 2e- CaCl2 (1) = Ca(s) + CI2 (g) Electrolysis of Aluminum as an
ExampleThe electrolysis of aluminum involves the extraction of aluminum from aluminum oxide ( A1203) dissolved in molten cryolite (Na3AIF6). Cathode: Each aluminum ions gains three electrons to form aluminum metal. This reduction reaction occurs at the cathode, where the aluminum ions are attracted to. 2A13+ + 3e- — Al Anode: Oxygen ions
lose four electrons to form oxygen gas. This oxidation reaction reaction occurs at the anode, where the oxygen ions migrate due to the electric field. 202- - O2 + 4e- Overall Reaction: 2A1203 (1) = 4Al (1) + 302 (g) This reaction indicates the reduction of aluminum ions to aluminum metal at the cathode and the oxidation of oxygen ions to oxygen gas
at the anode. This method is essential in the industrial production of aluminum, which is widely used in various applications due to its lightweight, strength and the resistance to corrosion. Environmental Impacts of Electrolysis of Molten SaltsThe electrolysis of molten salts can have various environmental impacts, both positive and negative. Positive
environmental impacts Resource Efficiency: In some cases, electrolysis can enable the extraction of valuable meta from ores with greater efficiency compared to traditional extraction methods.Reduced Emissions: In certain applications, electrolysis processes can lead to reduced emissions of greenhouse gases and pollutants compared to conventional
methods.Recycling: Electrolysis processes can facilitate the recycling of metals and materials.Negative Environmental Impacts Intensive Energy: Many electrolysis processes require significant amounts of electricity, which is often generated from fossil fuel-based power plants.Chemical Waste: Electrolysis processes may generate chemical waste
products or by-products that can be hazardous to the environmental if not properly managed or treated.Thermal Pollution: Some electrolysis processes involve heating molten salts to high temperatures, which can lead to thermal pollution if waste heat is released into nearby water bodies, affecting aquatic ecosystems and biodiversity.Energy
Consumption and Carbon FootprintsEnergy ConsumptionElectricity Demand: Electrolysis processes typically require large amounts of electrical energy to induce the necessary chemical reactions.Temperature Control: Maintaining the molten state of salts often requires additional energy input for heating.Efficiency of Electrolysis Cells: The efficiency
of the electrolysis cells themselves plays a crucial role in determining energy consumption.Carbon FootprintEnergy Source: The carbon footprint of electrolysis processes is closely linked to the source of electricity used. If electricity is generated from fossil fuel based power plants, the process will contribute to greenhouse gas emissions, primarily
carbon dioxide.Renewable Energy Integration: Switching to renewable energy sources such as wind, solar or hydroelectric power, can significantly reduce the carbon footprint of electrolysis processes.Carbon Capture and Utilization: Carbon capture technologies can be integrated into electrolysis processes to capture CO2 emissions and utilize them
in various applications, such as producing chemicals or synthetic fuels.Waste Management And Pollution ControlWaste management and pollution control are crucial aspects of mitigating the environmental impact of electrolysis processes involving molten salts. Here are some methods: Chemical Waste Treatment: Electrolysis processes can generate
hazardous chemical waste products or by products such as chlorine gas in the electrolysis of sodium chloride. Effective waste treatments methods such as scrubbers or chemical reactors should be used to convert these wastes into less harmful substances before disposal.Recycling and Reuse: Whenever possible, efforts should be made to recycle and
reuse materials generated during electrolysis processes.Effluent Management: Proper management of process effluents is essential to prevent contamination of water bodies and soil. Effluent streams containing pollutants should be treated using appropriate methods, such as sedimentation, filtration to remove contamination before discharge.Air
Pollution Control: Electrolysis processes may release airborne pollutants such as particulate matter and gases into the atmosphere. To mitigate air pollution, effective control measures such as scrubbers, electrostatic precipitators should be implemented to capture or neutralize pollutants before emission.Environmental Monitoring: Regular
monitoring of air, water and soil quality in the vicinity of electrolysis facilities is essential to assess environmental impacts and ensure compliance with regulatory standards. Safety Precautions in Electrolysis of Molten SaltsSafety is paramount in any industrial process, especially when dealing with high temperatures and potentially hazardous
materials like molten salts. Here are some essential safety precautions for electrolysis of molten salts: Personal Protective Equipment (PPE): Workers involved in electrolysis operations should wear appropriate PPE, including heat-resistant gloves, goggles, face shields to protect against burns, splashes and other hazards.Training and Education:
Personnel should receive thorough training on the electrolysis process, including the handling of molten salts, operation of equipment and safety protocol. Emergency Preparedness: Facilities should have comprehensive emergency response plans in place to address accidents, spills, fires and other incidents.Equipment Maintenance: Regular
inspection and maintenance of electrolysis equipment are essential to ensure safe operation and prevent equipment failures that could lead to accidents or injuries.Ventilation and Exhaust Systems: Adequate ventilation and exhaust systems should be installed to remove fumes, gases and airborne particles generated during electrolysis
processes.Handling of Molten Salts and Electrolysis CellsHandling of molten salts and electrolysis cells requires careful attention to safety protocols and operational procedures due to high temperatures and potentially hazardous materials involved. Here are some methods: Temperature Control: Ensure proper temperature control to maintain the
molten state of salts within the desired range.Container and Equipment Design: Use specialized containers, crucibles and equipment designed for handling molten salts.Handling Procedures: Exercise caution when handling molten salts to prevent splashing or spilling.Installation and Setup: Install electrolysis cells in a stable and secure manner,
following manufacturer guidelines and engineering standards.Electrical Safety: Adhere to electrical safety protocols when working with electrolysis cells.Personal Protective Equipment (PPE) For ElectrolysisWhen working with electrolysis processes, especially those involving molten salts, it's essential to wear appropriate Personal Protective
Equipment (PPE) to ensure the safety of personnel. Here are some PPE: Heat Resistant Gloves: Wear heat resistant gloves to protect hands and forearms from burns when handling hot equipment or molten salts.Face Shield: Use face shield to protect the face from splashes, sparks and hazardous chemicals.Flame Resistant Clothing: Wear flame
resistant clothing such as cotton or Nomex coveralls, to protect against exposure to flames, sparks or hot surfaces.Lab Coat: Use an apron to protect clothing from spills, splashes or contamination with chemicals or molten salts.Respiratory Protection: Depending on the process and potential exposure to fumes or airborne particles, respiratory
protection may be necessary. Electrolysis is the process of passing electrical current (direct current) through a solution or molten ionic compound, to decompose electrolytes. This separates the ions, and elements will be discharged at the electrodes. Inert electrodes should be used, otherwise they will react with the solution/products. Electrolysis can
only be done using ionic compounds, as it requires free ions to move. This is why it can only be done if in solution, or liquid (molten) state. If electrolysis is completed with a solution, then hydrogen (H+) and hydroxide (OH-) ions will also be present, as water will also dissociate. During electrolysis: positively charged ions (cations) migrate to the
negatively charged electrode (cathode) negatively charged ions (anions) migrate to the positively charged electrode (anode) Rules of electrolysis at the cathode (negative electrode) - the least reactive element (metal or hydrogen) will be discharged at the anode (positive electrode) - in order of preference: halide ions (F-, Cl-, Br- etc.) will be
discharged as halogen gases hydroxide ions (OH~) - given off as oxygen gas any other negative ions present The electrolysis of molten electrolytes Experimental One of the common compounds to electrolyse molten is lead(II) bromide - partly because the products are easily visible, and partly because its melting point isn't too high. An experimental
set-up would look something like this: Nothing happens at all until the lead(II) bromide is molten. When it melts, the bulb lights up showing a current flow, and bubbles of brown gas are seen at the positive electrode (the anode). Nothing seems to happen at the cathode, but afterwards, when the apparatus is taken to pieces, a bead of silvery metal is
found underneath the cathode. What is happening? Nothing happens until the compound is molten because the ions aren't free to move. At the cathode Positive ions move to the cathode (the negative electrode). When they get there, they pick up electrons from the electrode to form neutral atoms. For example, electrolysing molten lead(II) bromide
gives lead at the cathode: Or if you electrolysed molten sodium chloride: Notice that the gain of electrons at the cathode means that reduction is taking place here. Remember OIL RIG - Reduction Is Gain of electrons. At the anode Negative ions are attracted to the positive anode, and are discharged by losing electrons. For example, in the two cases
above, you would get chlorine or bromine formed. You could also show these equations as: The loss of electrons means that oxidation is taking place at the anode. Remember OIL RIG - Oxidation Is Loss of electrons. Why does a current flow in the external circuit? It is essential to realise that in the melt, ions are moving, whereas in the circuit
electrons are moving. The simplest way of thinking of the power source is as an electron pump. For every Pb2+ ion discharged, two electrons are removed from the cathode. For every two Br- ions discharged, two electrons are deposited on the anode. You can think of the power source as pumping the electrons along the wires to fill up the gaps
appearing in the cathode, and at the same time pumping away the new electrons being released at the anode. Where would you like to go now? To the Electrolysis menu . . . To the Inorganic Chemistry menu . .. To Main Menu . . . Exam code: 0620 & 0971A binary ionic compound is one consisting of just two elements joined together by ionic
bondingWhen these compounds undergo electrolysis they always produce their corresponding elements To predict the products made at each electrode, first identify the ions The positive ion will migrate towards the cathode and the negative ion will migrate towards the anode Therefore, the cathode product will always be the metal, and the product
formed at the anode will always be the non-metalAdd lead(II) bromide into a beaker and heat it so it will turn molten, allowing ions to be free to move and conduct an electric chargeAdd two graphite rods as the electrodes and connect this to a power pack or batteryTurn on the power pack or battery and allow electrolysis to take placeNegative
bromide ions move to the positive electrode (anode) and each loses one electron to form bromine molecules. There is bubbling at the anode as brown bromine gas is given offPositive lead ions move to the negative electrode (cathode) and gain electrons to form a grey lead metal which deposits on the surface of the electrodeDiagram showing the
electrolysis of lead(II) bromideldentify the product formed at the anode and cathode during the electrolysis of molten potassium chloride. Answer:The ions present are potassium (K+) and chloride (Cl-)The chloride ions are attracted to the anode and form chlorine gasThe potassium ions are attracted to the cathode and form potassium
metalRemember: Electrodes need to be inert such as graphite or platinum so that they don’t participate in a side reaction with the electrolyte.Did this page help you?Expertise: Chemistry Content CreatorStewart has been an enthusiastic GCSE, IGCSE, A Level and IB teacher for more than 30 years in the UK as well as overseas, and has also been an
examiner for IB and A Level. As a long-standing Head of Science, Stewart brings a wealth of experience to creating Topic Questions and revision materials for Save My Exams. Stewart specialises in Chemistry, but has also taught Physics and Environmental Systems and Societies.
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