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Electrolysis Principles ,

Your notes

Electrolysis: general principles

= Electrolysisis the processinwhich a moltenionic compound is broken down by an
electric current

= The process also occurs foraqueous solutions of ionic compounds
= Covalent compounds do not conduct electricity, so they cannot undergo electrolysis

= |onic compounds in the solid state cannot conduct electricity either since they have no
free ions that can move and carry the charge

LELECTRICAL CONDUCTIVITY OF IONIC COMPOUNDS |

SOLID MOLTEN/SOLUT!ON
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In solids, ions are fixed in place. When molten or in solution, they are free to move and
carry charge.

Key terms used in a simple electrolytic cell

= Electrodeis arod (usually metal or graphite) that conducts electricity into or out of an
electrolyte

= Electrolyteis the ionic compoundin a molten or dissolved solution that conducts the
electricity

= Anodeisthe positive electrode of an electrolysis cell
= Anionis anegatively chargedionwhichis attracted to the anode
= Cathodeis the negative electrode of an electrolysis cell

= Cationis a positively chargedionwhichis attracted to the cathode
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The basic set-up of an electrolytic cell

Metals and hydrogen form positive ions, so a metal or hydrogen gas is formed at the
cathode

= The production of ametal or hydrogen gas depends on the reactivity series

= |fthe metalislessreactive than hydrogen (e.g. copper, silver), then the metalis
produced

= |f the metalis more reactive than hydrogen (e.g. sodium, magnesium), then
hydrogen gasis producedinstead

Non-metals form negative ions, so non-metals (except hydrogen) are formed at the
anode

=

Examiner Tips and Tricks

Use the PANIC mnemonic to remember which electrode is the positive and whichis
the negative:

Positive (is) Anode Negative Is Cathode

Electrolysis: charge transfer
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Extended tier only /

How charge flows in electrolysis Yournotes
= During electrolysis, current flows around the circuit as electrons and ions move
= Electrons andions transfer charge because they are the charged particles
= Electrons flow from the negative terminal of the power supply to the cathode
= This gives the cathode its negative charge
= The electrons do not pass through the solution
= Atthe cathode, cations gain electrons to form atoms
= Meanwhile, anions move to the anode and lose electrons

= These electrons then flow through the external circuit back to the power supply’s
positive terminal, completing the circuit

= So,inacomplete circuit:
= Electrons are the charge carriers in the external circuit

= lons are the charge carriersin the electrolyte

=

Examiner Tips and Tricks

In electrolysis, we focus on the movement of electrons, not the direction of
conventional current:

= Electrons flow from the negative terminal to the positive terminal

= They flow alphabetically, from the anode to the cathode
= Conventional current flows from positive to negative

\
Movement of ions in the electrolyte
= Positive ions (cations) in the electrolyte move towards the cathode
= Reductionoccurs at the cathode (gain of electrons)
= Negative ions (anions)inthe electrolyte move towards the anode

= Oxidation occurs at the anode (loss of electrons)

The flow of electrons and ions in electrolysis
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Diagram showing the direction of movement of electrons and ions in the electrolysis of an
electrolytic solution
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Electrolysis of Molten Compounds

Electrolysis of molten compounds

Abinaryionic compound is one consisting of just two elements joined together by ionic
bonding

When these compounds undergo electrolysis they always produce their corresponding
elements

To predict the products made at each electrode, firstidentify 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-metal

Electrolysis of moltenlead(ll) bromide
Method:
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Add lead(ll) bromide into a beaker and heat it so it will turn molten, allowing ions to be
free to move and conduct an electric charge

Add two graphite rods as the electrodes and connect this to a power pack or battery
Turn on the power pack or battery and allow electrolysis to take place

Negative bromide ions move to the positive electrode (anode) and eachloses one
electron to form bromine molecules. There is bubbling at the anode as brown bromine
gasis given off

Positive leadions move to the negative electrode (cathode) and gain electrons to forma
grey lead metal which deposits on the surface of the electrode

4

Your notes
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Diagram showing the electrolysis of lead(ll) bromide

o

Worked Example

Identify the product formed at the anode and cathode during the electrolysis of
molten potassium chloride.

Answer:

= Theions present are potassium (K*) and chloride (CI-)
= The chlorideions are attracted to the anode and form chlorine gas
= The potassiumions are attracted to the cathode and form potassium metal

o

Examiner Tips and Tricks

Remember: Electrodes need to be inert such as graphite or platinum so that they
don’t participate in a side reaction with the electrolyte.
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Electrolysis of Aqueous Sodium Chloride & Dilute /
Sulfuric Acid Your notes

Electrolysis of aqueous sodium chloride
& dilute sulfuric acid

Electrolysis of aqueous sodium chloride
= Brineis aconcentrated solution of aqueous sodium chloride
= |tcanbe electrolysedusinginert electrodes made from platinum or carbon / graphite
= Theionsinbrine are:
= Na*and Cl~ions from the brine / aqueous sodium chloride
= H*and OH~ions from the water
= Whenelectrolysed, it produces bubbles of gas at both electrodes
= The gases chlorine and hydrogen are produced

= Sodium hydroxide solutionis the product remaining in the electrolysis chamber/
container

= These substances all have important industrial uses:
= Chlorineis usedto make bleach
= Hydrogenis usedto make margarine

= Sodium hydroxide is used to make soap and detergents

Product at the negative electrode:
= TheH*ions are discharged at the cathode as they are less reactive than sodiumions
= The H*ions gain electrons to form hydrogen gas
Product at the positive electrode:
= The Cl-ions are discharged at the anode
= Theylose electrons and chlorine gas forms

= The Na*and OH~ionsremain behind and form the NaOH solution
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Diagram showing the products of the electrolysis of aqueous sodium chloride

Electrolysis of dilute sulfuric acid

= Dilute sulfuric acid can be electrolysed usinginert electrodes made from platinum or

carbon/ graphite
= Theionsindilute sulfuric acid are:
s H*+and SO42-ions from the sufuric acid
= H*and OH~ions from the water
= Whenelectrolysed, it produces bubbles of gas at both electrodes

= The gases oxygen and hydrogen are produced
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Electrolysing dilute sulfuric acid in a Hoffman voltameter shows that twice as much
hydrogenis produced, compared to oxygen

Product at the negative electrode:
= H*ionsare attractedto the cathode

= TheH*ions gainelectrons to form hydrogen gas

Product at the positive electrode:
= OHions are attracted to the anode

= Theylose electrons and form oxygen gas and water

-

Examiner Tips and Tricks

(

= Whenagasis produced during electrolysis, you should be able to give the
appropriate gas test:
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= Oxygen -if aglowing splintis dipped into a sample of the gas, then the splint ,
will relight

= Hydrogen-if alit splintis dippedinto a sample of the gas, then a squeaky Your notes
pop willbe heard

= Chlorine - if damp litmus paperis dipped into a sample of the gas, it will turn
red and then bleach to a white colour
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Electrolysis of Aqueous Solutions /

Your notes

Electrolysis of aqueous solutions

Extended tier only
= Aqueous solutions always have water, H,O, present

= |nthe electrolysis of aqueous solutions, the water molecules dissociate producing
H*and OH"ions:

H20 = H* + OH~
= Theseions are alsoinvolved in the process and their chemistry must be considered

= We now have an electrolyte that contains ions from the compound plusions from the
water

= Whichions getdischarged and at which electrode depends on the relative reactivity of
the elementsinvolved

= Concentrated and dilute solutions of the same compound give different products

= Foranions, the more concentrated ion will tend to get discharged over a more dilute ion

Positive electrode - anode

= Negatively charged OH™ ions and non-metalions are attracted to the positive electrode

If halideions (CI7, Br7, ") are present, the halogenis produced at the anode

= Thehalideionslose electrons and forms the halogen (chlorine, bromine oriodine)

If there are no halide ions but OH™ ions are present, oxygenis produced at the anode
= The hydroxide ionslose electrons and forms oxygen gas (and water)

= Inboth cases, the other negative ionremainsin solution

How concentration affects products at the anode

= The concentration of the solution affects the ion being discharged:

= |f aconcentrated halide solutionis being electrolysed, the halogenforms at the
anode

= |f adilute halide solutionis being electrolysed, oxygen forms at the anode
= Forexample:
= Forconcentrated barium chloride solution:
= Cl-ions are discharged more readily than the OH~ions
= So, chlorine gasis produced at the anode

= Fordilute barium chloride solution:

1’ SaveMyExams © 2025 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com

12


https://www.savemyexams.com/?utm_source=pdf

= Only OH~ions are discharged /

= So, oxygenis produced at the anode Your notes

Negative electrode - cathode

= Positively charged H* and metalions are attracted to the negative electrode but only
one will gain electrons

= Eitherhydrogen gas or metal willbe produced
= |fthe metalis above hydrogenin the reactivity series:

= Theions of the more reactive metal remainin solution

= This causes thelessreactive hydrogenions, H*, to be discharged

= So, hydrogenwillbe produced and bubbling will be seen at the cathode
= |f the metalis below hydrogenin the reactivity series:

= Thelessreactive metalions are discharged

= So,the metalis produced and this will be seen plating onto the cathode

POTASSIUM K
MOST REACTIVE |
SODIUM Na
LITHIUM A Li
CALCIUM Ca
MAGNES|UM Mg
ALUMINIUM AL
CARBON C
ZINC Zn
IRON Fe
HYDROGEN V4 H
COPPER Cu
SILVER [LEAST REACTIVE Ag
GOLD Au
I
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The reactivity series of metals including hydrogen and carbon

Electrolysis of aqueous copper sulfate
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= Aqueous copper sulfate contains the followingions: ,
» Cu?*and SO4?~ fromthe copper sulfate Your notes

= H*and OH- fromthe water

Using graphite electrodes:
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Apparatus for the electrolysis of copper(ll)sulfate using inert / passive graphite
electrodes

Observations:
= The cathodeis coated with a pink-brown layer of copper metal
= Bubbles of a colourless gas (oxygen) are seen forming at the anode
= The blue colour of the copper(ll) sulfate solution fades over time
Product at the cathode:

= Cu?*andH*will both be attracted to the cathode but the less reactive ion will be
discharged

= Inthiscase, copperislessreactive than hydrogen

= Copperions are discharged at the cathode
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= They gainelectrons and are reduced to form copper metal ,

= The half equation forthereaction at the electrodeis:
Cu?*+2e-—Cu Your notes

Product at the anode:

= SO42-and OH- are both attracted to the anode
= OH-ionslose electrons more readily than SO42-
= OH-lose electrons and are oxidised to form oxygen gas
= The half equation forthereaction at the anode is

40H Oz + 2HQO +4e”

Using copper electrodes:

) /——EDIRECT CURRENT
—JHH—

] () I

COPPER ANODE COPPER CATHODE

AQUEOQUS B}\
COPPER (i) SULFATE =

Apparatus for the electrolysis of copper(ll)sulfate using active copper electrodes
Observations at the anode and cathode:
= The blue colour of the copper(ll) sulfate solution remains unchanged
= The cathodeincreasesinmass asitis coated with alayer of copper

= Thisis because copperions, Cu?*, are reduced at the cathode and form copper
atoms

= The anode decreasesin mass as it dissolves

= Thisisbecause copperatoms are oxidised at the anode and form copper
ions, Cu®*
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= The gaininmass by the negative electrode is the same as the loss in mass by the positive

electrode

= Therefore, the copper deposited on the negative electrode must be the same
copperions that are lost from the positive electrode

= Thisimplies that the concentration of the Cu?*ions in the solution remains constant
Products formed for common aqueous solutions

Aqueous solution - ions present Product at the Product at the
anode cathode
Concentrated sodium chloride, NaCl Chlorine gas Hydrogen gas
Dilute sodium chloride, NaCl Oxygen gas Hydrogen gas
Concentrated aqueous copper(ll) sulfate, Oxygengas Copper
CuSO4
Dilute sulfuric acid, H,SO4 Oxygen gas Hydrogen gas
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lonic Half Equations 4

Your notes

lonic half equations

Extended tier only
= FElectrochemistryis concerned with the transfer of electrons

= Thisis why the definitions of oxidation and reduction are in terms of losing or gaining
electrons, not oxygen

= Oxidationis the loss of electrons

= Reductionis the gain of electrons
= Astheions comeinto contact with the electrode:

= FElectronsarelost orgained

= Theions form neutral substances

= These substances are discharged as products at the electrodes
= Atthe anode, negatively chargedionslose electrons

= So, oxidation occurs at the anode
= Atthe cathode, the positively chargedions gain electrons

= So,reductionoccurs at the cathode

= Jonic half-equations only show half of what is happeningin areactioninvolving electron
transfer

= Theionic half-equation for oxidation shows the loss of electrons
= Theionic half-equation forreduction shows the gain of electrons
= |onic half-equations must have the atoms and charges balanced
Writing ionic half-equations
Metals
= Metals are positiveions, e.g. Li*, CuZ+, Al3+
= |f ametalis produced during electrolysis:
= The metalions will gain electrons to form metal atoms
= Themetalions willbereduced
= The charge onthe metalionindicates the number of electrons that will be gained

= Forexample:

Li*+e-—Li
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Cu2t+2e-—Cu ,

AP+ +3e”— Al Your notes
Non-metals
= Non-metals are typically negativeions, e.g. CI7, Br-, OH~
= Thehydrogenion, H*, is an exception to this
Hydrogenion / hydrogen half-equation:
= |f hydrogenisformed during electrolysis:
= Two hydrogenions will gain 2 electrons to form hydrogen, H,
= Hydrogenions are reduced
2H* +2e” - H;
Halide ion / halogen half-equation:
= |fahalogenis formed during electrolysis:
= Two halide ions willlose 2 electrons to form the halogen
= Halide ions are oxidised
2X" > Xo + 2e”
Hydroxide ion / oxygen half-equation:

= Theionic half-equation for hydroixde ions forming oxygen is more challenging to
balance

= Hydroxide ionslose electrons to form oxygen, Oy, and water, H,O
= Hydroxide ions are oxidised

40H™ - O3 + 2H,0 + 4e”

Table of reduction and oxidation reactions at the electrodes

Electrolysis of Anode reaction Cathode
reaction
Moltenlead(ll) bromide, PbBr, 2Br-—Bry+2e- Pb2++2e-—Pb
Concentrated aqueous sodium chloride, 2ClI-—Cly +2e- 2H*+2e"—H>
NaCl
Dilute sulfuric acid, H,SO4 40H- - 02 +2H,O + 2H* +2e"—Hy
de~
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4
Examiner Tips and Tricks
Your notes

= To help youremember the definitions of oxidation and reduction, use OILRIG

= Oxidationls Loss (of electrons) Reduction Is Gain (of electrons)
= To help yourememberwhere oxidation and reduction take place, use a RED CAT
and AN OX

= REDuction at the CAThode
= ANode for OXidation
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