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The Process of Electrolysis ,

Your notes

Electrolytic cells

When an electric currentis passed through a molten ionic compound the
compound decomposes or breaks down

The process also occurs for aqueous solutions of ionic compounds

Liquids and solutions that are able to conduct electricity are called electrolytes

Covalent compounds cannot conduct electricity hence they do not undergo
electrolysis

An electrolytic cellis the name given to the set-up used in electrolysis and which
consists of the following:

Electrode: arod of metal or graphite through which an electric current flows into or
out of an electrolyte

Electrolyte: ionic compoundin molten or dissolved solution that conducts the
electricity

Anode: the positive electrode of an electrolysis cell
Anion: negatively chargedion whichis attracted to the anode
Cathode: the negative electrode of an electrolysis cell

Cation: positively chargedion whichis attracted to the cathode

An electrolytic cell
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The basic set-up of an electrolysis cell

=

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.

\
Electrical conductivity of ionic compounds

Electrical Conductivity of lonic Compounds

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

= Theions must be able to move and can only do so in the molten state or when dissolved
in a solution, usually aqueous

= Whenthe cellis turned on and an electric currentis passed through an electrolyte the
ionsin the solution start to move towards the electrodes

Particles in solid and molten / solution inionic compounds
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| ELECTRICAL CONDUCTIVITY OF IONIC COMPOUNDS | /
Your notes

Particles inionic compounds are in fixed position in the solid state but can move around
when molten or in solution

©

Examiner Tips and Tricks

(

Cations are attracted to the cathode and anions are attracted to the anode. Electron
flow in electrochemistry occursin alphabetical order as electrons flow from the
anode to the cathode.

\
Movement of ions

Movement of ions during electrolysis
= During electrolysis the electrons move from the power supply towards the cathode

= Electronflowin electrochemistry thus occurs in alphabetical order as electrons flow
from the anode to the cathode

= Positive ions within the electrolyte migrate towards the negatively charged electrode
whichis the cathode

= Negative ions within the electrolyte migrate towards the positively charged electrode
whichis the anode

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
NacCi

o

Examiner Tips and Tricks

When a metal conductsitis the electrons that are moving through the metal. When a
salt solution conductsitis theionsin the solution that move towards the electrodes

while carrying the electrons.
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Electrolysis of Molten lonic Compounds ,

Your notes

Electrolysis of simple ionic compounds

What is produced at the anode and cathode?

Lead(ll) bromide is a binary ionic compound meaning thatitis a compound consisting of
justtwo elementsjoined together by ionic bonding

= Whenthese compounds are heated beyond their melting point, they become molten
and can conduct electricity as theirions can move freely and carry the charge

= These compounds undergo electrolysis and always produce their corresponding
element

= To predict the products of any binary molten compound firstidentify the ions present

= 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 molten lead(ll) bromide
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Diagram showing the electrolysis of lead (ll) bromide ,

Method Your notes

Add lead(ll) bromide into a crucible and heat so it will turn molten, allowingions 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 lose two electrons to
formbromine 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 form
grey lead metal which deposits on the bottom of the electrode

What are the products at the anode and cathode?

(

= Anode: Bromine gas

Cathode: Lead metal

-

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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Using Electrolysis to Extract Metals ,

Your notes

Extracting metals

Choosing methods for metal extraction
= The position of the metal on the reactivity series determines the method of extraction

= Higherplaced metals (above carbon) have to be extracted using electrolysis as they are
tooreactive and cannot be reduced by carbon

= | owerplaced metals can be extracted by heating with carbon which reduces

= Electrolysisis very expensive as large amounts of energy are required to melt the ores
and produce the electrical current

= Thereactivity series of metalsis shown below with the corresponding method of
extraction

Extracting metals

Metal Extraction method
Mostreactive
Potassium Extracted by electrolysis of the molten chloride or oxide
Large amounts of electricity are required, which makes this an expensive
Sodium process
Lithium
Calcium
Magnesium
Aluminium
Zinc Extracted by heating with areducing agent such as carbon or carbon
monoxide in ablast furnace
Iron Acheap process as carbonis cheap and can also be a source of heat
Copper
Silver Found as pure elements
Gold

1’ SaveMyExams © 2025 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 8


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

Leastreactive ,

Your notes
.
Examiner Tips and Tricks
Questions on this topic often ask you to explain why in some cases electrolysis is used
andin other casesreduction by heating with carbonis used. Make sure you can
explainwhen each processis used and why.
\

The extraction of aluminium

How is aluminium extracted?
= Aluminiumis areactive metal, above carbonin the reactivity series
= |tsmainore, is bauxite, which contains aluminium oxide

= Aluminiumis higherin the reactivity series than carbon, so it cannot be extracted by
reduction using carbon

= |nstead, aluminiumis extracted by electrolysis

The electrolytic cell for extraction of aluminium

» GRAPHITE

- CATHODE

o STEEL CASE

Diagram showing the extraction of aluminium by electrolysis
= Bauxiteis first purified to produce aluminium oxide, Al,Oz
= Aluminium oxide is then dissolved in molten cryolite

= Thisis because aluminium oxide has a melting point of over 2000°C which would
use alot of energy and be very expensive
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= Theresulting mixture has alower melting point without interfering with the reaction ,

= The mixtureis placedin anelectrolysis cell, made from steel, lined with graphite
Your notes
= The graphite lining acts as the negative electrode, with several large graphite blocks as

the positive electrodes
= Aluminiumis produced at the cathode

= OxygenisproducedAtthe anode
Why does the anode need to be replaced?

= The carboninthe graphite anodes reacts with the oxygen produced to produce CO2
C(s)+02(g) — CO2(9)
= Asaresultthe anode wears away and has to be replaced regularly

= Alot of electricity is required for this process of extraction, thisis a major expense

=

Examiner Tips and Tricks

f

Questions on this topic often ask you to explain why cryolite is used in the process so
make sure you are able to explainits use, providing reasons for your answer.
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Electrolysis of Aqueous Solutions ,

Your notes

Electrolysis of an aqueous solution using inert
electrodes

lons present in aqueous solutions
= Aqueous solutions will always contain water molecules (H20)

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

H,O =H* + OH~

= Theseions are alsoinvolvedin the electrolysis 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

Note: The concentration of the solution can affect the products of electrolysis, however, this
is beyond the scope of this course and you are not expected to know the specific details of
this

(

=

Examiner Tips and Tricks

When answering questions on this topic, it helps if you first write down all of the ions
present first. Only then you should start comparing theirreactivity and deducing the
products formed.

\
Electrode reactions

What is produced at the positive electrode?

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

= |fhalideions (CI7, Br7,1")and OH™ are present then the halide ionis discharged at the
anode, loses electrons and forms a halogen (chlorine, bromine oriodine)

= |fnohalideions are present, then OH"is discharged at the anode, loses electrons and
forms oxygen

= Inboth casesthe othernegative ionremainsin solution

What is produced at the negative electrode (cathode)
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= Positively charged H* and metalions are attracted to the negative electrode but only
one will gain electrons

= Eitherhydrogen gas or the metal will be produced

= |fthe metalis above hydrogenin the reactivity series, then hydrogen will be produced
and bubbling will be seen at the cathode

= Thisis because the more reactive ions willremain in solution, causing the least reactive
ionto be discharged

= Therefore at the cathode, hydrogen gas will be produced unless the positive ions from
the ionic compound are less reactive than hydrogen, in which case the metalis
produced

Thereactivity series

POTASSIUM | MOST REACTIVE | «
SODIUM A\ Na
LITHIUM L
CALCIUM o
MAGNESIUM Ma
ALUMINIUM Al
CARBON c
ZINC -
IRON .
HYDROGEN H
COPPER .
SILVER V A
GOLD [ LEAST REACTIVE | Au

The reactivity series of metals including hydrogen and carbon

o

Worked Example

Predict the products formed at each electrode in the electrolysis of magnesium
iodide solution.

4

Your notes
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\

Answer ,

1. Work out whations are attracted to the cathode Your notes

= Hydrogen (H*) and magnesium (Mg2+)
2. Decide which element will be discharged:

= Thelessreactive elementis usually formed
= Hydrogenis discharged at the cathode as it is less reactive than magnesium
3. Work out what ions are attracted to the anode

= Hydroxide (OH") andiodide (I7)
4. Decide which element will be discharged:

= |fahalideis present, the corresponding halogenis formed, otherwise, oxygenis
formed
= lodineis discharged at the anode asiodide ions are present

o

Worked Example

Predict the products formed at each electrode in the electrolysis of copper sulfate
solution

Answer
1. Work out what ions are attracted to the cathode

= Hydrogen (H*) and copper (Cu2+)
2. Decide which element will be discharged:

= Thelessreactive elementis usually formed
= Copperis discharged at the cathode asiitis less reactive than hydrogen
3. Work out what ions are attracted to the anode

» Hydroxide (OH-) and sulfate (SO27)
4. Decide which element will be discharged:
= |f ahalideis present, the corresponding halogenis formed, otherwise, oxygenis

formed
= Oxygenis discharged at the anode as no halide ions are present

Determining what gas is produced

The gas produced can be tested to determine its identity

If the gas produced at the cathode burns with a ‘pop’ with alighted splint then the gas is
hydrogen

If the gas produced at the anode relights a glowing splint dipped into the gas then the
gasisoxygen

If the gas produced at the anode turns damp blue litmus paperred andis then bleached
white then the gasis chlorine
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= Thehalogengases all produce their own colours (bromine is red-brown, chlorine ,
is yellow-green)

o

Examiner Tips and Tricks

Your notes

Onceyou have identified the ions, the next step is to decide towards which electrode
will they be drawn and identify the product formed. It helps if you recall the reactivity
series.
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Required Practical: Electrolysis of Aqueous Solutions ,

Your notes

Required practical 3: Electrolysis of aqueous
solutions
Obijective

Toinvestigate what happens when aqueous solutions are electrolysed using inert electrodes

Hypothesis

Ametal willbe produced at the negative electrode because metalions are positive

Materials

= Testtubes

= Electrolyte solutions

= 100 cm’beaker

= Standandclamp

= Two carbonrod electrodes

= Two crocodile /4 mm plugleads
= Low voltage power supply

= Bluelitmus paper

Electrolytic cell

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

15


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

o oy T 4

C Your notes
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Diagram showing the electrolysis of aqueous solutions

Practical Tips

1. Make sure the test tubes do not cover the electrodes completely and fall to the bottom
of the cell or the conductivity will fall considerably and the rate of electrolysis willbe very
slow

2. Replacing the test tubes with graduated test tubes or measuring cylinders means that
the volume of gas produced over time can be measured

Method

1. Setup the apparatus as shownin the diagram

2. Add the aqueous solution to the beaker

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

5.Record theresultsin a suitable table (see below) and repeat for another solution,
checking the electrodesin betweenruns to seeif any metal has been deposited

6.The following aqueous solutions are suitable for this investigation: copper chloride,
copper sulfate, sodium chloride, sodium bromide, sodium nitrate

7.The gases produced canbe collectedin the test tubes to be tested later

Results: Record yourresultsin a suitable table:
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Electrolysis of aqueous solutions table ,

Electrolyte Observations at anode & gas Observation at cathode & gas Yournotes
testresults testresult
Aqueous sodium Effervescence, no colour, splint Effervescence, no colour,
nitrate, NaNOz relights so gasis oxygen squeaky pop, so gasis hydrogen
Evaluation

The gases and corresponding tests are:
= Hydrogen - lighted splint goes out with a squeaky pop
= Oxygen -aglowing splintrelights

= Chlorine - damp blue litmus paper turns red and is then bleached white

Conclusion

Describe how the results obtained compare with the expectedresults based on the
hypothesis
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Half Equations in Electrolysis ,

Your notes

Half equations
Higher tier only

= |nelectrochemistry we are mostly concerned with the transfer of electrons, hence the
definitions of oxidation and reduction are applied in terms of electron loss or gain rather
than the addition orremoval of oxygen

= Oxidationiswhen a substance loses electrons and reduction is when a substance gains
electrons

= Astheions comeinto contact with the electrode, electrons are eitherlost or gained and
they form neutral substances

= These are thendischarged as products at the electrodes
= Atthe anode, negatively chargedionslose electrons and are thus oxidised
= Atthe cathode, the positively chargedions gain electrons and are thus reduced

= This canbeillustrated using half equations which describe the movement of electrons at
eachelectrode

= |tisimportant to make sure that the charges as well as the number of atoms/ions on
each side of the equation are balanced

Electrolysis of moltenlead(ll)bromide

= |Inthe electrolysis of moltenlead(ll) bromide the half equation at the negative electrode
(cathode)is:

Pb?* +2e~ — Pb

= Atthe positive electrode (anode) bromine gasis produced by the discharge of bromide
ions:

2Br  -2e~ —Bry
OR

2Br- —Bry + 2e”

Electrolysis of molten aluminium oxide

= Aluminiumions are discharged at the negative electrode (cathode) and the aluminiumiis
collected at the bottom of the cell:

AR+ 4 3e~ Al
= Atthe positive electrode (anode) oxygen gas is produced:
202- - 4e- - O,

OR
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20%2- 5 0; +4e- ,

Electrolysis of aqueous solutions Your notes

= At the negative electrode (cathode), when the metal is more reactive than hydrogen,
hydrogenis discharged and the half equationis:

2H* +2e~ —H;
= Whenthe metalislessreactive than hydrogen, the metalis discharged, e.g.:
Cu?*+ 2e" Cu

= Atthe positive electrode (anode), if a halide ionis present, the corresponding halogenis

formede.g.:
2ClI"-2e"—Cly
OR
2ClI"—Cly + 2e"

= Whenahalideionis not present, oxygenis formed as hydroxide ions are discharged,
e.g.

40H™ — O3+ 2H,0 + 4e”
OR

40H™ -4e™ — 03+ 2H,0

Summary of the half equations at the anode and cathode

Half equations at electrodes

Electrolyte Anode reaction Cathodereaction
Copper(ll) chloride (CuCly,) 2ClI"—Cly+ 2e” Cu?*+2e —Cu
Sodium chloride (NaCl) 2ClIm—Cly + 2e” 2H*+2e"—H,
Copper(ll) sulftate (CuSOy,) 40H" - 0,+2H,0+4e- | Cu?*+2e—Cu
Sodium sulfate (Na,SOy) 40H" - 0, +2H,0 + 4e” 2H*+2e"—H,
Concentrated hydrochloric acid (HCI) 2CIm—Cly + 2e” 2H*+2e"—H,
Water acidified with sulfuric acid (H,SO,4) | 40H™— O, + 2H,0 + 4e” 2H*+2e"—H,

o
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Examiner Tips and Tricks ,

Don't forget to make sure the charges are balanced within the equation! Your notes
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