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Section A: Non-Spontaneous Redox Reactions

So far, only the spontaneous redox reactions have been considered.

Let’s take a look at non-spontaneous redox reactions.

VCE Chemistry %

ﬂ\:tive Recall: What is a spontaneous reaction?

I

\_

o bASY WO ek ingut o], o5
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~

Exploration: Lithium Fluoride (LiF)
» Consider two substances, Lithium (Li) and Fluorine (F):

& How will the bonding look like between them? (Labe/ Below)

—t
@ |«
U

i

2\ 2t
& Type of Intramolecular Bonding: [lonic] / [Covalent] / [Metallic]
» Lithium (Li) and Fluorine (F):
Lithium (Li) Fluorine (F
[gained] / [lost] electrons [gained] / [lost] electrons
[reduction] / [oxidation] half-equation [reduction] / [oxidation] half-equation
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» Half-Reactions:

» Bonding: [occurs by itself] / [forced]

Oxidation: Li(s) — Lit(aq) + e~

Reduction: F,(g) + 2e~ — 2F(aq)

Let’s consider oxidant/reductant strengths properly!

~

Exploration: Oxidant/Reductant Strength of Li(s) & F,(g)

» Find the location of both the Lithium (Li) and the Fluorine gas (F,):

Standard electrode potential (E®)

. Reaction in volts at 25 *C

2e = 2F (aq) [ +2.87
H.0(aq) + 2H (aq) + 26 = 2H,0()) ‘ +1.77
MnQ,"(aq) + 8H'(aq) + Se™ = Mn?*(aq) + 4H,0()) +1.51
Pbox(s) +4H'(aq) + 2¢” = Pb**(aq) + 2H,0() +1.47
Cr,0\"" (ag) + 14H"(aq) + 6e” = 2Cr’*(aq) + 7TH,0() +1.36
Cl,(g\¢ 2e = 2Cl(aq) +1.36
09) \4H’(aq) +4de = 2H,0() +1.23
Bry(l) + \o' = 2Br (aq) +1.09
Ag’(aq) \e = Ag(s) +0.80
Zn’*(aq) +\2e = Zn(s) -0.76
2H,0(1) + 24 = Hy(g) + 20H (aq) | -083
Mn®*(aq) + 2k = Mn(s) ‘ -1.18
A" (aq) + 30 \= AXs) | -1.66
Mg"(aq) +2e ¢ Mg(s) ' -2.37
Na'(aqg) + e = N¥(s) [ -2.71
Ca”(aq) + 2¢ = Op(s) -2.87
K'(aq) + €°= | -2.93
-3.04

Li'"(aq) + e -( Li(s) )
—
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» Reactants:

Fluorine Gas (F

[strong] / [weak] - [oxidant] / [reductant]

[strong] / [weak] - [oxidant] / [reductant]

DY Thedng

» Type of Reaction:

reaction occurs.

S
q_ﬂ

» Energy: [energy used] / [¢hergy released] CI"P/"'-:’)M

How About the Opposite Reaction? .

Exploration: Oxidant/Reductant Strength of Li(s) & F,(g)

t,

P

» Lithium (Li) and Fluorine (F):

» Consider the products of this reaction, the Li* (aq) and F~(aq).

When Going Backwards...

» What will the bonding look like between them? (Labe/ Below)

==

03

Lithium lon (Lit (a

Fluoride lon (F~ (a

[gained] / [lost] electrons

[gained] / [lost] electrons

[reduction] / [oxidation] half-equation

[reduction] / [oxidation] half-equation
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» Half-Reactions:
Reduction: Lit(aq) + e~ — Li(s)

Oxidation: 2F~(aq) — F,(g) + 2e~

»  Will this naturally occur? [Yes] / [No]
» Breaking of Bonding: [occurs by itself] / [forced]
» To Force Reaction, Energy is: [inputted] / [released]

¥» On the Electrochemical Series:

Lithium lon (Lit* (aq)) Fluoride lon (F~(aq))
[strong] / [weak] - [oxidant] / [reductant] [strong] / [weak] - [oxidant] / [reductant]

Discussion: What type of energy must be inputted for this reaction to occur? (Hint: We need to
move electrons)

&

geckac
i —

Terminology Definition

» Electrical Energy is Inputted to Break Down LiF(aq).
» Terminology:
Flectn \ljsij
& ‘electro-": using electricity

G “-lysis’ to separate or break.
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Section B: Electrolysis
@ >
O |
Sub-Section: Introduction to Electrolytic Cells ®

Let’s have a look at what the actual cells look like!

Electrolysis

fore

» Electron Movement:

» Definition: Input of electrical energy is to force a non-spontaneous reaction to occur.

» Process is electrolysis. Cells are:

electrons in opposite direction.

Definition

—

» Comparison;

Eleeholyhe Col\
\V

Galvanic Cell

Electrolytic Cell

Spontaneous Redox Reaction

Non-spontaneous Redox Reaction

SNy g
OxiM'l'

A\

Spon+anwus

S
Re,AuerM-

N

Wk

N

Y RQ/AMC"A ﬂ'l’

Non spontancous

wla\e

\ 4

Oxidant

Produces electrical energy.

Chemical - Electrical

Consumes electrical energy.

Electrical - Chemical
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Let’s first compare the differences between galvanic and electrolytic cells! .

™~ %
Discussion: What are some differences between the galvanic cell and electrolytic cell? 'ﬁ

Galvanic Cell Electrolytic Cell

Anode Cathode

Galvanic Cell

(syon'l'o\nwus vmd'ion)

Electvolyte Ceoll

(non-sfonhmwus veackion)

Mnode & Codhole @
KOS Pe® AOED e

seprdiefds  n ey
AR SMW &Z?’)(A&Jf(

procke- 0eiz Uses Getg

Space for Personal Notes
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Why can electrolysis share an electrolyte? .

Exploration: Sharing Electrolyte

What happens when both reactants are put in the same electrolyte?

Galvanic Cell

Electrolytic Cell

/I\Eﬂwgg out

Galvanic Coll

(syon'l'anwus veackio

Electvon ¢ Power
flow >

Eaergy In

sSourer

Anod

(non-

Elzdvolgh Caell

spontancous veackion)

Choe o

v

No e NN

placed together.

[~
» Conclusion: Electrolysis can share an electrolyte because reactants [will] /act when

Space for Personal Notes
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Before we look at an electrolytic cell in depth, let’s recap a few things/ .

Active Recall: Which side was positive and negative of a cell? W

_JP@;]M —> |‘ — rﬂ\ejaf)‘\b

How do electrons flow? .

Exploration: Electron Flow

» Consider the following circuit:

A€ o -~
¢ ___> & “(: o —>
1T \|
o /‘\
. AN

& Where are the positive and negative terminals of the cell? (Label/ Above)

& Imagine an electron to the right of the cell. Hewwill it move in reference to this negative
terminal of the battery? [attracted] /(repelled]

& Which way do the electrons flow? (Label Below)

CH34 [2.1] - Introduction to Electrolysis - Workbook ‘ 9
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TIP: The electron flow and thus the anode/cathode is determined by the direction of electron flow. g
The battery can be visualised as a funnel for the electrons:

\ —
I

/
.

if Active Recall: What type of reaction occurs at each electrode?

Cathode Anode

reAUSIN Ol

Space for Personal Notes
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Ol |
Sub-Section: Electrolytic Cell ®

P

Exploration: Electrolytic Cell
» Consider the electrolysis of lithium fluoride (LiF).
» Half-Equations:

& Reduction: l—-.\’emi\’\’ ‘—P\“’a\"‘@

~ —
G Oxidation: CLP (%\’9 F‘zc'sb /(Q‘L“

» Electrolytic Cell Labelled:

& Which way do electrons flow? (Label Below)
& How will reactants move to form products? (Labe/ Below)

Elmd'von(ef) flow
(—)

CathodfARSIS _>T 2

Reduction/Oxidation

Fasy

Half - equation:

& What happens at the left and right electrode? How about the half-equations? (Labe/ Below)

Cathode/Anode
Reduction/Oxidation
Uid

Half - equation:
U ferre =L

()/? ;Ou:, \% Fﬁr{;ﬁ %/

f——————

&

CH34 [2.1] - Introduction to Electrolysis - Workbook
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» Considering the lons & Electrolyte Movement:

Lithium lons (Li* (aq)) Fluoride lons (F~(aq))
[cation] / [anion] [cation] / [anion]
Moves towards [cathode] / [anode] Moves towards [cathode] / [anode]

» The movement of electrolytes maintain electric neutrality.

» Salt Bridge for Electrolysis: [required] / [not required]

Exploration: Polarities of Electrodes

» Consider the following Electrolytic Cell:

Electvon(e”) Flow

(—=)
el

Cathode

ulud'io;\-

AENNES

Polavity:

C(O)

c/\

G

£

Polarity of Batteries & Electron Movement: (Labe/ Above)

& Half-Equation Type & Cathode/Anode: (Label Above)

N\
& As electrons arrive at the cathode, charge at the cathode: more [positive] / [

& Polarity of Electrodes: (Label Above)

£1

£1
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Why is this the case?

» Electron flow is always O/\OJ-Q/ to CO(M ,

Galvanic Cells

Electrolytic Cells

Polarity is imposed by the reactions themselves.

Polarity is imposed by the power source.

[Spontaneous] / [Non-Spontaneous] Reaction

[Spontaneous] / [Non-Spontaneous] Reaction

Reaction is [natural] / [forced]

Reaction is [natural] / [forced]

Anode L Cathode

Anode Cathode

O — &

® .o

TIP: You can think of electrons as. Q\‘r}\lﬁ\
//—\

Electrode Polarities

S

AOE

Definition

Cathode

|
Anode

[reduction] / [oxidation]

[reduction] / [oxidation]

[positive] / [negative] electrode

[positive] / [negative] electrode

Space for Personal Notes
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TIP: How can we remember this?

reg Cettbrade

VCE Chemistry %

Space for Personal Notes
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VCE Chemistry %
| I,

Sub-Section: Electrolysis of Water

Let’s have a look at what happens during the electrolysis of water! .

To do so, let’s first find water on the electrochemical series/ .

Exploration: Water Equations on the Electrochemical Series

» Where is water on the electrochemical series (ECS)? (Circle Below).

Reaction

Standard electrode potential (E°)

in volts at 25 °C
F,(g) + 2" = }F (aq) +2.87
H,0,(aq) + 2H[ (aq) + 2¢” = 2H,0(1) +1.77
MnO, (aq) + 8H*(aq) + 56 = Mn?*(aq) + 4H,()) +1.51
PbO,(s) + 4H'[aq) + 2¢” = Pb®*(aq) + 2H,0(l +1.47
Cr,0,% (aq) +[14H" (aq) + 6e™ = 2Cr** (aq) + TH,O()) +1.36
Cly(g) + 2 = 2CI'(aqm %
0,(g) + 4H' (ad) + 4,((.-.- 2H,0()) \) ( 123 )
Bry(l) + 26 = PBr( 0
Ag’(aq) + e = Ag(s) / +0.80
Fe''(aq) + e | Fez}(aq) ) +0.77
0,(g) + 2H"(ah) +/e‘ = H,0,(aq) L +0.68
Iy(s) + 2e” = ] I'}éq) +0.54
0,(9) + 2H,0} + 4¢” = 40H (aq) +0.40
cu®*(aq) + H = cu(s) +0.34
sn**(aq) +/2e’ = Sn’*(aq) +0.15
2H'(aq)/2e = Hy(g) 0.00
Pb”(y() +2d" = Pb(s) ~0.13
Snz’léq) +24 = Sn(s) -0.14
Niz/(aq) + 2¢] = Ni(s) -0.25
c}z‘(aq) +2p" = Co(s) -0.28
fe*'(aq) + 2" = Fe(s) 044
ZHeq = 2009 PN
(2H,00)) 24 = Hy(o) + 20H (aq) ( -o&)
N irTaq) + Pe‘ = Mn(s) N—rTs
AP (aq) + Je” = Al(s) -1.66
Mg?*(aq) +{2e” = Mg(s) -2.37
Na‘(aq) + p~ = Na(s) -2.71
Ca’*(aq) 4 2e” = Ca(s) -2.87
K'(aq) + § = K(s) -2.93
Li*(aq) + ¢ = Li(s) -3.04

CH34 [2.1] - Introduction to Electrolysis - Workbook
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» What/where is the strongest oxidant and strongest reductant forms of water? (Labe/ Above)

NOTE: The water half-equation at an E° = +0.40 V needs oxygen gas to react, which is not always ’/
present, so we do not use this equation if we only have water!

0,(g) + 2H,0(1) + 4e™ = 40H™ (aq)

ALSO NOTE: This half-equation is the reduction of oxygen in an alkaline fuel cell!

Water Electrolysis Definition

» Water Reduction Half-Equation: 2H,0(1) + 2e~ — H,(g) + 20H™(aq)

» Water Oxidation Half-Equation: 2H,0(1) - 0,(g) + 4H*(aq) + 4e~

Space for Personal Notes
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Let’s go through a question together! .

Question 1 Walkthrough.

Electricity is run through some water according to the following setup.

a. Write the balanced half-equation for the:

i. Reduction half-equation.

( VA Ot ?A:\‘/‘/' 1 &) 10K o) 2

ii. Oxidation half-equation.

00— 0, o T fp,m-{’%n

b. Write the balanced overall equation which takes place. W
LgK© +25h0 —> D, U L0, o YT

2R >|f)uﬂ+(‘>., /7
D) ~ ;

~.

Space for Personal Notes
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Misconception

“During the Electrolysis of Water, hydrogen peroxide will react with hydrogen gas as the stronges
oxidant reacts with the strongest reductant,”

HO) | H
20, H,0
H

TRUTH:
When constructing the electrochemical series, only include what species is present!

#,0
#,0

HOoe

Space for Personal Notes
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Where has this reaction been seen before?

VCE Chemistry %

~

Comparison of Spontaneous vs Non-Spontaneous Reactions

Electrolysis of Water: 2H,0(1) —» 2H,(g) + 0,(g)

Reverse Reaction: 2H,(g) + 0,(g) —» 2H,0(])

Definition

—

Reaction

2H,(g) + 02(g) — 2H,0(D)
L S ——

2H,0(1) —» 2H;(g) + 02(8)

Type of Reaction

(Il o Hz,

Electrolysis of water

Spontaneity

[spontaneous] /
[non-spontaneous]

[spontaneous] /
[non-spontaneous]

Endothermic/Exothermic

[endothermic] / [exothermic]

[endothermic] / [exothermic]

Energy

[uses] / [produces] energy

[uses] / [produces] energy

Energy Conversions

Chon—> o e

elec—> chomicd)

Recall!

~

Active Recall: How do the electrodes look like in an electrolytic cell?

Electrode

Cathode

Anode

Type of Half-Reaction

[reduction] / [oxidation]

[reduction] / [oxidation]

Polarity

[positive] / [negative]

[positive] / [negative]

Space for Personal Notes
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VCE Chemistry %

Question 2

At the anode of an electrolytic cell:

A. Reduction occurs and its polarity is positive.

B. Oxidation occurs and its polarity is positive.

C. Reduction occurs and its polarity is negative.

D. Oxidation occurs and its polarity is negative.

Space for Personal Notes
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Section C: Predicting Electrolytic Reactions
8’ >
®

Let’s now try to predict equations that will occur in Electrolytic Reactions. .

Sub-Section: Predicting Electrolytic Reactions

Predicting Electrolytic Reaction Steps Definition

—

Identify all species present (check if water is present)!

2. Draw Vertical Line.

3. The strongest oxidant will always react with the strongest reductant.

& Strongest oxidant is the oxidant (left side of the ECS) which is highest up.

& Strongest reductant is the reductant (right side of the ECS) which is lowest down.

4. |dentify the reactions which will take place and note them down.

Electrode Cathode Anode
Type of Half-Reaction [reduction] / [oxidation] [reduction] / [oxidation]
Polarity [positive] / [negative] [positive] / [negative]

Space for Personal Notes
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Let’s have a look at a question together! .

Question 3 Walkthrough. o I

\

Write the equations which take place when a solution of calcium iodide (Cal,(aq)) is electrolysed using inert
electrodes. -

a. Reduction half-equation. 1 %@
(L‘H') O\/, A < 16:—\/3 (H-q' c j\} "f;) O}-(/@‘:) H.\ ()

b. Oxidation half-equation. @‘/

NOTE: %’){O needs to be considered as it will sometimes be the strongest p/

oxidant/reductant.

Space for Personal Notes
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Let’s have a look at another question together! .

Question 4 Walkthrough.

Consider an electrolytic cell involving the electrolysis of PbCl,(aq) solution using platinum electrodes, as shown
below.

Electvon flow

Tupe of
dggl'voiw

a. Label the type of electrode as cathode or anode for each electrode, along with their polarities in the relevant
circles provided above.

b. Label the direction of electron flow in the diagram provided above.
c. Write the half-equations which occur at the:

i. Positive Electrode. ]A\O

(M-.' ) ¢ D’% 0 _,m}.'\d/k- LH/H,(@ ¢ \;—E\(’b/

ii. Negative Electrode.

ot Py

CH34 [2.1] - Introduction to Electrolysis - Workbook ‘23
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NOTE: Don't forget Pb(s) + H,0(l) is on the ECS as well!

VCE Chemistry %

P

oxidant/reductant?

» Water has always been Q“"W !

J E——
» Find Water in Both Scenarios.

» Likelihood of Water Reacting:

Extension: Why hasn't water needed to be considered in galvanic cells as a potential

Galvanic

Electrolytic

Cl,(g) reacting with Zn(s)

Cl~(aq) reacting with Zn?*(aq)

Reaction Standard electrode potential (E°)

Reaction

Standard electrode potential (E°)

involts at 25 °C involts at 25 °C
Fy(g) + 2e1 = 2F (aq) +2.87 F,(g) + 2¢ % 2F (aq) +2.87
H,0,(aq) 42H"(aq) + 2e” = 2H,0(l) +1.77 H,0,(aq) + 4H"(aq) + 2e” = 2H,0() +1.77
MnO, (aq) |+ 8H'(aq) + 5e” = Mn?*(aq) + 4H,0(l) +1.51 MnO, (aq) +|8H" (aq) + 56” = Mn?*(aq) + 4H) +1.51
PbO,(s) + 4H"(aq) + 2¢™ = Pb*(aq) + 2H,0()) +1.47 PbO,(s) + 4 (ag) + 2¢” = Pb**(aq) + 2H,0()) +1.47
}[&:_ (aq) + 14H" (aq) + 66™ = 2Cr**(aq) + 7H,0(I) +1.36 Cr2072‘ (aq)|+ 14H" (aq) + 6™ = 2Cr**(aq) + TH,P(1) +1.36
di0) ) 2¢]= 2cr(@q) +1.36 Clyg) +2¢" - 20T (@) +1.36
__0:(9) + 4H{(aq) + 4e” = 2H,0() +1.23 0,(g) + 4H"faq) + 4e"€2Hzg(I)) & +1.23
Bry(l) + 26" = 2Br (aq) +1.09 Bry(l) + 26 § 2Br(aq) — +1.09
Ag’(aq) + e| = Ag(s) +0.80 Ag’(aq) + e| = Ag(s) +0.80
Fe’'(aq) + = Fe’'(aq) +0.77 Fe’'(aq) + § = Fe?'(aq) +0.77
0,(g) + 2H"[aq) + 2e” = H,0,(ah) +0.68 0,(g) + 2H(aq) + 2e” = H,0,(aq) +0.68
I5(s) + 2e” H 2I'(aq) +0.54 I5(s) + 2e” # 21 (aq) +0.54
0,(9) + 2H{O(l) + 4 = 40H (a) +0.40 0,(g) + 2HBO(l) + 4e” = 40H (aq) +0.40
Cu’*(aq) +pe” = Cu(s) +0.34 Cu®*(aq) 42e” = Cu(s) +0.34
sn*'(aq) +Re” = Sn**(aq) +0.15 sn*'(aq) 42¢” = Sn**(aq) +0.15
2H'(aq) + fe” = H,(g) 0.00 2H'(aq) +[2e” = H,(g) 0.00
Pb?*(aq) +|2e” = Pb(s) -0.13 Pb%*(aq) { 2¢” = Pb(s) -0.13
sn’*(aq) +|2e” = Sn(s) I -0.14 sn’*(aq) {2¢” = Sn(s) -0.14
Ni**(aq) + pe” = Ni(s) -0.25 NiZ*(aq) +|2e™ = Ni(s) ~025
Co?*(aq) 42e” = Cofs) / -0.28 Co”*(aq) { 2¢” = Co(s) -0.28
Fe?(aq) +|2¢” 3&(5)\(’/ -0.44 |_pe¥Taq) pe = Fe(s) -0.44
%éﬂ&aq) A 2e” (= Zn(s) ) -0.76 [ 20 @ar{2e = zn(s) 076
2H,0() + pe™ = Motgy=ZOH (aq) -0.83 E 2H,0(1) + e = Hy(g) + 20H (aq) ~083
{aq) § 2¢” = Mn(s) -1.18 Mn?*(aq) 4 2e” = Mn(s) -1.18
A*(aq) +]3e” = Al(s) -1.66 A™(aq) + pe” = Al(s) -1.66
Mg®*(aq) } 2¢™ = Mg(s) -237 Mg (aq) 42e” = Mg(s) -2.37
Na'(aq) +|e” = Na(s) -2.71 Na'(aq) + ¢ = Na(s) -2.711
Ca’*(aq) { 2¢” = Ca(s) -2.87 Ca’"(aq) +[2e” = Ca(s) -2.87
K'(aq) + d = K(s) -2.93 K'(aq) + €= K(s) -2.93
Li*(aq) + d = Li(s) -3.04 Li*(aq) + e = Li(s) -3.04
S W .
Water is-S)/~ ‘\ in strength to the reactants,
Water s so much W&E > than the reactants.

and reacts in preference to the Cl~(aq).

CH34 [2.1] - Introduction to Electrolysis - Workbook
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(1)

ater is always present in solutions!

Your Turn! .

Question 5

What are the expected electrolytic products of the electrolysis of magnesium iodide Mgl, (aq) solution? Write the
half-equations occurring at both the anode and cathode.

/Cf a.; Eathode reaction:

WO £2. =D L F2or)
D) () )

b. Anode reaction:

I =, £
(e4D <)

Question 6

What are the expected electrolytic products of the electrolysis of copper fluoride CuF,(aq) solution? Write the
half-equations occurring at both the anode and cathode.

a. Cathode reaction:

(> 6n
= (S)

b. Anode reaction:

4.0 2 O Lkt w
(D ug® C“c)

Space for Personal Notes
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Question 7

The electrolysis of 1 M nickel (II) sulphate solution is undertaken with copper (Cu(s)) electrodes at 25°C. A
diagram of this electrolytic process is shown in the following figure:

sils [0
@

Copper ¢—— Copper
anode cathode

a. Label the polarity of each electrode in the diagram above.

b. Write the half-equations which occur at the:

i. Cathode.
N W N
(o)) s)
ii. Anode.
(n—> (2
S Lo

Space for Personal Notes
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Question 8 Additional Question.
Write the half-equations which occur when a solution of sodium hydroxide is electrolysed.

a. Positive electrode half-equation.

KO —> O, 2 O+
B ) D)

b. Negative electrode half-equation.

2D WS 2> H, £ oH”
%D) @) € EAN

Space for Personal Notes
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O. |
Sub-Section: Unique Species on the Electrochemical Series @ ‘

Just like in galvanic cells, there are two metal ions which appear twice on the '
electrochemical series.

Active Recall: What were the two metal ions which appear twice on the electrochemical series?

2

7

P
> S

REMINDER: There are two ways to determine charges on ions:
» Roman Numerals - Iron (II) nitrate vs Iron (III) nitrate

» lonic Compound - Fe(NO3), vs Fe(NO3);

Space for Personal Notes
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Let’s ook at a question together!

VCE Chemistry %

~

Question 9 Walkthrough.
A solution containing iron (II) nitrate is electrolysed using inert electrodes.

a. Predict the reactions which occur at the:

i. Positive electro§

( ?m BRI,

Cag)

ii. Negative electrode. Q QC,
?ﬂ "f' (zz/ — rF-(.

(ag)\

b. Write the overall reaction which takes place.

R 2R+

C ‘7‘°</) (e3> Q)

Space for Personal Notes
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Your Turn!

VCE Chemistry %

~

Question 10

The electrolysis of a solution containing tin (II) chloride is undertaken. Inert electrodes were used.

—

€

AnOAs—

In the box provided above, label the left electrode as being the cathode or anode.

-

a. Write the balanced half-equations for the:

i. Reduction reaction.

S 1> S

£\
L,))

(wi)

ii. Oxidation reaction.

Cs—=>85" + L

(@D Ceq)
b. Write the overall reaction which takes place.

VT = 5

3 @D ()
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VCE Chemistry %

Question 11 Additional Question.
A solution of iron (III) fluoride is electrolysed using inert electrodes.

Write the overall reaction which takes place.

4+ w0 2k f ety s

Space for Personal Notes
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[

Q
®

Sub-Section: Observations in Electrolytic Cells

@

@

(C

£

@

Context

» Just like in galvanic cells, observations can be made in electrolytic cells.

Change in mass/size of the electrodes (look out for solid reactants/products in half-equations).
Change in pH (look out for H* or OH~ ions in half-equations).
Bubbles being formed (look out for gases being formed).

Change in colour (look out for ions being produced/consumed in solution).

Let’s revisit the electrolysis of water example:. '

@
@

@

Question 12 Walkthrough.
List any observations made during the electrolysis of water.

Reduction: 2H,0(l) + 2e™ — H,(g) + 20H (aq)

Oxidation: 2H,0(1) - 0,(g) + 4H*(aq) + 4e~

» Observations:

Overall 2H,0(1) — 2H,(g) + 0,(g)

blls Gy Bal noor ey

bbb (82, Frad) (ool gpede

Waler e dmmc/\
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NOTE: As they share an electrolyte and there is an increase in pH around one electrode, and a P
decrease in pH around the other electrode, there is no pH change overall!

ALSO NOTE:; Water level decrease is a md\L observation and shouJId not be written first!
—_—

Question 13

Hydrochloric acid (HCl(aq)) is electrolysed using platinum electrodes.

/
1
Crihade QI areole

S @®

Label the cathode/anode in the diagram above, and label their polarities.

= =)

Write the balanced half-equation which occurs at the:

i. Cathode.
@D [}3
ii. Anode.
LD = O eurt e
(N (6)') C)\D

c. List any observations which can be made during this reaction.

& h,@ctg (0\3\'&\&9\3\, C»ch@ ’%ﬂ\"l('/(\
¢ bl onad C&%ﬁ\, M
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Question 14

The electrolysis of zinc nitrate (Zn(NO3),(aq)) solution is undertaken with solid lead (Pb(s)) electrodes,

according to the diagram below. Label the cathode/anode of the right electrode.

Electvon Flow
L~

|
Poy— «—— Pb,

a. Write the balanced half-equation which occurs at the:

i. Cathode.

’Z_nlt"r)_ﬂ.f — 2N
) ()

b. List any observations which can be made during this reaction.

& (23/')((\ @:&)‘\"l @7"5 (Q/\C(:«ﬁpbdlg,
j/S(‘KLA/Q’%CW‘h\SA
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Vv

Question 15

AR\

om VCAA Chemistry Exam 2009
ps://www.vcaa.vic.edu.au/Documents/exams/chemistry/2009chem2-w.pdf#page=8

An aqueous solution containing a mixture of 1.0 M Kl and 1.0 M CaBr, was electrolysed using unreactive
electrodes.

Which one of the following reactions is most likely to occur at the anode?
A. 2H,0(1) + 2e™ — H,(g) + 20H (aq)
B. 2Br~(aq) — Br,(l) + 2e~

C. Ca?*(aq) + 2e~ - Ca(s)

E@ZI‘(aq) - 1,(s) + 2e~

Question 16 Additional Question.

During the electrolysis of water, the pH of the solution will:

A. Decrease around the negative electrode and increase around the positive electrode.
((@Increase around the negative electrode and decrease around the positive electrode.
C. Decrease at both electrodes.

D. Increase at both electrodes.

Question 17 Additional Question.

A solution df green nickel nitrate/and aluminium chloride is electrolysed by using graphite electrodes. Which are
the following are not expected to be observed?

A. The size of the negative electrode increases. /
B. Bubbles are formed. ' ; /

C. The colour of the solution changes.

1
C?The pH of the solution W
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|
Q
®

Sub-Section: Electrolytic Cells Electrodes

Context

» There are times where the electrodes themselves are also comprised of a metal themselves.

» However, attention must be given to these sorts of situations.

Exploration: Electrolysis Setup Scenario #1
» First consider electrolysis of nickel (II) nitrate, using lead electrodes.

» Where is the cathode/anode? (Label Below)
O
v

Half - equation: Pb Pb Half - equation:
NPTt L =2\ ) Yog P tagyf2e

©

G Create the mini electrochemical series:
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» What is the strongest oxidant and reductant? (Circ/le Above)

& What type of reaction does the strongest reductant undergo? [reduction] / [

& Where does this strongest reductant react? [cathode] A [anode

© |sit present at the anode? @ /[no]

& Canitreact? @ [no]

» What are the half-equations which take place? (Labe/in Diagram Above)

Now, let’s consider a similar setup, but this time only the cathode has Lead solid! .

Exploration: Electrolysis Setup Scenario #2

» Consider electrolysis of nickel nitrate, using lead only at the cathode. The anode is made of graphife.

Pb
Half - equation: - Half - equation:
HaP o - lg
N ccﬂb\j(-?b‘/ 2 2D, 56, e T ?ﬂ;o't Cree

& Find the strongest oxidant and reductant on paper. (Labe/ Below)

RO
aX
N ——
HZO(I)
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& Strongest reductant undergoes oxidation at the anode.

G |s Pb(s) present at the anode? [yes]Can this Pb(s) react at the anode? [ye

» Reconsider the strongest oxidant and reductant which can actually react:

Strongest oxidant which can actually React Strongest Reductant which can actually react

N Kl% ‘H’»/O

What is another way to think about it? .

Analogy: Water Gun &

» If lead were to react...

» Half-Equation:

/s
—> Pb2*(aq) f 2e” i
€ Electrons are ] / [taken in]

» Consider the electrolytic cell. How would the electrons look like if it were to react? (Labe/ Below)

Cathode Anode,
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» Think about the scenario like a waterfall:

Cathode Reactivity in Electrolysis Definition

» Strongest Reductant must be present at the anode.
—

» Generally, metals at the cathode are considered _| MC(C ﬁE __and be ignored!

Space for Personal Notes
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Let’s have a look at one more scenario together! .

Question 18 Walkthrough.

Draw a labelled cell for the electrolysis of Zn(NO3z),(aq) with a copper cathode and silver anode, writing out the
half-equations.

—

NOTE: Even though solid copper (Cu(s)) is the strongest reductant in this scenario, it is at the ’/
cathode which is the wrong electrode, and thus it cannot oxidise.

Space for Personal Notes
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Your Turn! .

Question 19

A solution of nickel bromide, NiBr,(aq) is electrolysed according to the set-up below. The graphite electrode is
attached to the positive terminal of the power source, and the lead (Pb) electrode is attached to the negative
terminal of the battery.

po®

Gvapl\i-l'v/

a. Write the equation for:

i. The half-reaction occurring at the positive electrode.

L =, ¥
(=4™\ D)

ii. The half-reaction occurring at the negative electrode.

NER2 N

S~
(=

)
iii. The overall reaction.

Ni B

2
= (o]

7/ D) L)

b. Label the direction of the electron flow in the box above.
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Question 20

Daniel decides to construct an electrolytic cell for the electrolysis of cobalt fluoride CoF,(aq) with a 1}&1{5‘1\
cdthade-and copper anode, which is shown below.

—_— —

PONW

6 supply @

Nickel —>
cathode

¢ Copper
anode

(o3

a. Label the polarities of each electrode in the circles proyvided above.

b. Write the balanced half-equation which occ;?rs at the: ;

i. Cathode.
Coth %”%/é\
CO“{B \ ) l

—

ii. Anode.

Cc« —) é“‘if’f' 22
s Cm)

c. The entire cell is placed on an electronic balance and its mass is monitored over time. The battery power
source is not placed on the electronic balance (ignore the change in mass of the battery). Describe and justify
the change in mass expected to be observed as the cell operates.

Na Jf\w\e N nast PY \focin§y /M“&k S¥ze \n c&\\
no%/v\ AN Izu\/@ o
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NOTE: Different molar mass. p
Nothing enters/leaves.

Question 21

Ben decides to carry out an experiment to see what happens if he electrolyses a solution of potassium bromide

(KBr), with the lead electrode, connected to the negative terminatof the battery and gold electrode connected to
the positive terminatof-tie battery.

&/

P

E—T

77‘4\1 Aagy

a. Label the direction of electron flow in the box provided above.
b. Write the half-equations which occurs at the:
i. Lead electrode.
WhO ot L= o 10 &
N

—
ii. Gold electrode.

?/G(AC% ,/aéz,,{,ﬂ, L=
N

¢. As the reaction proceeds, the electrolyte begins to turn brown. Provide an explanation for this observation.

g(\&co s sjyﬂc)\kucﬁ Wik sl
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d. When the experiment is started, a pH metre is dipped into the electrolytic cell and it reads a pH of 7. After 5.0
min, the pH metre is reinserted, and the pH reading is not 7. Justify whether it will be above or below 7.

ngeases ot (AT q0dued . prabing ‘

olenlyle, moe ek Ahoe T -

//\

<

Question 22 Additional Question.

Platinum electrodes are placed in a solution which contains zinc nitrate, Zn(NO3),, and sodium chloride, NaCl,
and is connected to a power source. Which one of the following statements about the reaction is correct?

A. Zinc metal is produced at the anode and Chlorine gas is produced at the cathode.
@inc metal is produced at the cathode and Oxygen gas is produced at the anode.
C. Sodium metal is produced at the anode and Chlorine gas is produced at the cathode.

D. Sodium metal is produced at the cathode and Oxygen gas is produced at the anode.

Question 23 Additional Question.

An electrolytic cell which contains a solution of magnesium nitrate and sodium chloride is electrolysed. The
positive terminal of the power source is attached to a gold electrode and the negative terminal is attached to a

copper electrode. Which of the following is true?
4
oth electrodes will have no change in mass/size.
B. No bubbles will be observed.

C. The overall pH increases.

D. The overall pH decreases.

Space for Personal Notes
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Sub-Section: Input of Voltage ® ‘

Electrolytic cells require an input of energy in order to progress, but how much '
voltage (EMF ) do we need to input?

Active Recall: How is the EMF of a cell calculated?

NG = G oo 2 Csedcint)

Exploration: EMF Required 1 \ f(

» Consider the electrolysis of a 1.0 M solution of nickel chloride (NiCl, (aq)):

» What are the half-equations which occur at each electrode, along with its E° value?

Electrode Half-Equation E°® Value
_ Q& ~ .
Latila () N( ucg/h(l(_/ —) M ( (\) ’@lgv

Anode (+) VI @0(33&%34@%@—&%{ 120/

» EMF: (EMF = E°(oxidant) - E°(reductant)) -(92/5"\ 13 \/
» Meaning: - \'%8’ \/

—

» EMF Required for Cell to Operate: > \. LQ%\/

Space for Personal Notes
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Analogy: Myki &

/
» If the balance in the myki is positive, can we touch on? [no]
~_/

G If the EMF is positive, a reaction will occur.
» If the balance in the myki is zero or negative, can we touch on? [ye
G If the EMF is zero or negative, no reaction will occur.

» Scenario: Myki Balance is —$1.00, —\

—_—

» Top-Up Amount: $\@\ ) 13

— e —

EMF For Electrolysis Definition

EMF = E°(oxidant) - E°(reductant)

» EMF Required is greguhan the-difference iITEMF.

Space for Personal Notes
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Contour Checklist

O Learning Objective: [2.1.1] - Identify differences between galvanic &

electrolysis for electrodes, energy conversions, electron flow

Study Design

“The use and limitations of the electrochemical series to explain or predict the products of the
electrolysis of particular chemicals, given their state (molten liquid or in aqueous solution) and the
electrode materials used, including the writing of balanced equations (with states) for the reactions

occurring at the anode and cathode and the overall redox reaction for the cell.”

Key Takeaways

Galvanic cells Electrolytic cells
Spontaneous
Reaction [Yes] / [No] [Yes]/ [No]
Energy
Conversion CM/\ = Q/(QC/ 6QQ£_)—> CVV\
Type of . . . .
Reaction [Exothermic] / [Endothermic] [Exothermic] / [Endothermic]
B > E=
Oxida N Redactant
Oxidant / =t = "
REdUC‘.tant Spor\h\nwus Non spontancous
Relative
Strength
: Sirerey WS
RM&G_")M’ Oxidant
Electron
Flow W@A’k’amjﬂ\o&v opd—adrote
Anode AOS fO®
Cathode LU Reeo
Salt-Bridge / '
Electrolyte Cations } / [anode] Cations — [[cathode]/ [anode]
lon Flow
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electrolytic reactions

O Learning Objective: [2.1.2] - Write equations & calculate EMF required for

Key Takeaways

O When predicting electrolytic reactions, do not forget to include M
0 Metals at the cathode are W(\QQC'M :

O Voltage Required is I\/\M;%m CQ&(-CN/\CL .
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Website: contoureducation.com.au | Phone: 1800 888 300 | Email: hello@contoureducation.com.au

VCE Chemistry %
Free 1-on-1 Consults

What Are 1-on-1 Consults? :}‘

Who Runs Them? Experienced Contour tutors (45+ raw scores and 99+ ATARs).

Who Can Join? Fully enrolled Contour students.

When Are They? 30-minute 1-on-1 help sessions, after school weekdays, and all-day weekends.
What To Do? Join on time, ask questions, re-learn concepts, or extend yourself!

Price? Completely free!

One Active Booking Per Subject: Must attend your current consultation before scheduling the next:)

vvyvVvyyvyy

SAVE THE LINK, AND MAKE THE MOST OF THIS (FREE) SERVICE!

Booking Link 0

bit.lv/contour-chemistry-consult-2025




