le Copper cathoc

() NG

Galvanic cells

<: Anion
flow Electrochemical reactions

| J Grade 12
F .
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Galvanic
cells

* Spontaneous chemical
reaction

* Chemical energy
converted to electrical
energy

e Electrical current

2+ 2+
generated 4 LU

« E9_, is positive

A0, CusO,

solution solution

This Photo by Unknown Authorislicensed under CC BY-SA
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Galvanic
cells

* Anode:
e Oxidation
* Negative electrode
* Decrease in mass

e Cathode
* Reduction
* Positive electrode
* Increase in mass

ZIAE
metal

Zn2*

ZnSO4

Cu?*

CuSO 4
solution

This Photo by Unknown Authorislicensed under CC BY-SA
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Functions of a salt
bridge

e Separates the electrolytes
 Completes the circuit

* Provides a path through which ions
can move to ensure neutrality of the
electrolytes

* Maintains electrical neutrality of the
electrolyte solutions

N

Voltmeter

-

salt bridge \

Copper sulfate
solution

J

Zinc electro

Zinc sulfate



https://commons.wikimedia.org/wiki/File:Galvanic_Cell.svg
https://creativecommons.org/licenses/by-sa/3.0/

/.L\\ Functions of a salt

bridge

_ * Usually contains saturated ionic
4 salt bridge \ solution

( \‘  Concentrated solution reduces
internal resistance

% * Examples of ionic solutions:
> * NaCl
= « KCI
b . KNO,
Copper sulfate Zinc sqlfate o NaZSO4

\ solution /



https://commons.wikimedia.org/wiki/File:Galvanic_Cell.svg
https://creativecommons.org/licenses/by-sa/3.0/

/INC-
copper
cell

salt bridge, _
NaClaq) =

1 M Zn(NO;),(aq) 1 M Cu(NO3),(aq)

oxidation half-reaction: reduction half-reaction:
Zn(s) — Zn?*(aq) + 2e~ Cu?*(aq) + 2~ — Cu(s)

overall reaction: Zn(s) + Cu**(aq) — Zn?*(aq) + Cu(s)
(a) This Photo by Unknown Authorislicensed under CC BY-SA-NC



https://chem.libretexts.org/Bookshelves/General_Chemistry/Map:_Chemistry_-_The_Central_Science_(Brown_et_al.)/20:_Electrochemistry/20.3:_Voltaic_Cells
https://creativecommons.org/licenses/by-nc-sa/3.0/

Zinc-copper L I
cell:

J

2C] 2Na* — % 8 Bl cu
g — ‘ cathode
i | (+)

salt bridge,
NaCl(aq)

(] ’]

+ 2NO;

/ CuZ#

1 M Zn(NO3),(aq)
oxidation half-reaction: reduction half-reaction:
Zn(s) — Zn**(aq) + 2e Cu?*(aq) +2e~ — Cu(s)
overall reaction: Zn(s) + Cu?*(aq) — Zn?*(aq) + Cu(s)
(a) This Photo by Unknown Authorislicensed under CC BY-SA-NC

yAQ ‘ /n%t (1 mol.dm'3)| | Cu?? (1 mol.dm‘3)|



https://chem.libretexts.org/Bookshelves/General_Chemistry/Map:_Chemistry_-_The_Central_Science_(Brown_et_al.)/20:_Electrochemistry/20.3:_Voltaic_Cells
https://creativecommons.org/licenses/by-nc-sa/3.0/

Cell notation

Electrode

/N ‘ Zn2+ (1 mol.dm'3)| | CU2+ (1 mol.dm'3)‘



Standard hydrogen
electrode

* Hydrogen electrode (H,) has been chosen as the
reference electrode (half cell)

* We compare other half cells to it
* It has a standard electrode potential of 0,00 V

* H, is bubbled through a dilute acid electrolyte over a
platinum electrode

* Platinum is inert/ inactive

* The Pt absorbs H, gas onto its surface, enabling the H,
to be in contact with the ions in the solution

H, at
1atm — [

Platinum
electrode

Temperature
=298 K

Dilute H,50,
[H*] = 1 mol-dm™



Standard hydrogen

electrode o at
1atm —» [

Temperature
=298 K

e Standard conditions:
* Temperature of 25°C or 298K
* Concentration of solutions of 1 mol.dm™
* Pressure of 1 atm (only applicable to gasses)

Platinum
electrode

Dilute H,S0,
[H*] = 1 mol-dm™

* Cell notation for hydrogen half-cell:

Pt ‘ HZ (g) |H* (aq) (1 mol.dm-3)



TABLE 4B: STANDARD REDUCTION POTENTIALS

TABEL 48: STANDAARDREDUKSIEPOTENSIALE
Half-reactions/Halfreaksies E? v
Li'+e~ = Li 305
Keseg = K -293
Cs'+e = Cs -2
. . . Ba"+2% = Ba —280
Oxidation half reaction SPeze o S -2
Ca™+2 = Ca 287
. Ma'+#er = MNa -27
Reducing agent e = Mg 2
AP s3e — Al -1,68
- M +22= = Mn -1,18
AnOde( ) Cr's2e = Cr -0.#1
E H0+2e = Hig)+20H | D83
5 " +2e = In -0.78
- el = Cr -0,74
g Fe™ +2e" - Fe —0,44
o re = o -04
§ Cd* +2e = Cd -0,40
Co'+2e = Co -0.28
K NP +2e = Mi —07
Sn"'+2e" = Sn -0,14
‘E P +2e" - Pb -0.13
5 Fe™ +3e = Fe -0,08
M +26 = Hyg) 0,00
§ S+2H +2e = HS(E) +0.14
Sn* +2e - S0 +0,15
E Cu™+es = Cu" +0,16
9 503 +4H'+2e0 = SO0+ 2H0 | +0.17
g Cu™ +2e- = Cu +0.34
2 HO+Ou+de” = 40H +0.40
D SOy +4H +427 = S+2HD +045
E Cu'+e = Cu +0.52
= b+2e = 2F +0.54
% O:ﬂg]+2H3+219‘ = HOs + 068
s Fe'' +e~ = Fe* +0.77
. . 5 NO] +2H +& = NOMg)+HO | +080
£ 3 = ?
Reduction half reaction & aee - Ag +080
T Hg™ +2e” = Hail) +085
OX|d|Z|ng agent NOS +4H' +3e = NO(g)+2H:0 | +008
Brif+2e = 2Br 107
P'+2e = Pt +1.20
CathOde (+) Mnly+4H' + 26—~ Mn® 4+ 2H:0 +123
Chigl+4H" +4e= = 2HO +123
CrOF +14H +Be- = 20 +THO | +133
Chig)+2e” = 2Cr +13%
MnO, +8H +5 _ Mn™ +4H,0 +151
HOs +2H 42 = 2H0 #1.77
Co™se = Co™ +181
Figl+2e- = 2F + 28T

Increasing reducing ability/Toenemende reduserende vermoé




Copper and hydrogen half-cells

The half-cell reactions are as follows:
H, - 2H"+ 2e
Reduction half-reaction: Cut+ 2e- = Cu

Net cell reaction:  Cu?*+H, - Cu+ 2H*



Copper and hydrogen half-cells: Cell notation

Pt | H,(g) |H*(aq) (I mol.dm™3)| | Cu?* (aq)(l mol.dm=3)]| Cu(s)

Voltmeter
1

——|+0-337V]+ W
Cu strip
Ha(g)—> \
1 bar
Standard——— e
hydrogen 1-M H*(aq) 1-M Cu?*(aq)


https://wisc.pb.unizin.org/chem109fall2021ver02/chapter/day-39/
https://creativecommons.org/licenses/by-nc-sa/3.0/

Zinc and hydrogen half-cells: Cell notation

m
-1 e +1 —_—

- ﬂV
Zinc strip

{1 atm)
E_
E_
Standard hydrogen
/..--"" electrode
z rd3
p— at S ———1.0Macid
"'"'_"' 1.0 M Zn** solution

This Photo by Unknown Author is licensed under CC BY-SA-NC
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Zinc and hydrogen half-cells: Cell notation

Zn (s) |Zn?*(aq) (I mol.dm3)|| H*(aq) (I mol.dm™3) | H,(g) |

solution


https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Book:_Introductory_Chemistry_(CK-12)/23:_Electrochemistry/23.05:_Standard_Hydrogen_Electrode
https://creativecommons.org/licenses/by-nc-sa/3.0/

Cell potential

O _ o 0
E cell = E cathode ~ E anode

 Positive cell potential — spontaneous reaction
* Indicates that the FORWARD reaction of the redox reaction is favoured

* The higher the value, the further the equilibrium moves to the right



Example

QUESTION 15
A standard electrochemical cell is set up using two standard half-cells, as shown in the diagram below.

Cl(g)—

—
>

platinum —— | |
Cl(aq) D E— X#(aq)
. A

15.1  State the energy conversion that takes place in this cell. (1)
15.2  What is the function of component Q7 (1)
X is a metal. A voltmeter connected across the cell initially registers 1,49 V.

15.3  Use a calculation to identify metal X. (5)
154  Write down the NAME or FORMULA of the reducing agent. (1)
155 The reading on the voltmeter becomes ZERO after this cell operates for several hours.

15.5.1 Give a reason for this reading by referring to the rates of oxidation and reduction

half-reactions taking place in the cell. (1)
A silver nitrate solution, AgNO3(aq), is NOW added to the chlerine half-cell and a precipitate forms.
15.5.2 How will the reading on the voltmeter be affected? (Choose from INCREASES, DECREASES

or REMAINS the same) (1)
15.5.3 Use Le Chatelier's principle to explain the answer to QUESTION 15.5.2. (2)






Galvanometer

anode salt bridge cathode
KCl
; Cl Kt ‘
porous frits

This Photo by Unknown Author is licensed under CC BY-SA-NC


https://chem.libretexts.org/LibreTexts/Northeastern/11:_Electrochemical_Methods/11.2:_Potentiometric_Methods
https://creativecommons.org/licenses/by-nc-sa/3.0/

Electrolytic

cells

Electrochemical reactions
Grade 12

tank


http://physics.stackexchange.com/questions/56378/current-electricity-and-voltaic-cell
https://creativecommons.org/licenses/by-sa/3.0/

Galvanic vs Electrolytic cells

anode

(=) electrblyte (+)
I

cathode

(+) electrolyte (=)

GALVANIC CELL

Energy released by spontaneous redox

reaction is converted to electrical energy.

Oxidation half-reaction:
Y—=>Yt+e™

Reduction half-reaction:
Z+e —>7"

Overall cell reaction:
Y4+Z—>Y+Z7 (G<0)

ELECTROLYTIC CELL

Electrical energy is used to drive
nonspontaneous redox reaction.

Oxidation half-reaction:
l —>7Z+e”

Reduction half-reaction:
Yf+e =Y

Overall cell reaction:
Yt4+Z " —>Y+Z(G>0)

This Photo by Unknown Author is licensed under CC BY-SA-NC


http://chem.libretexts.org/Core/Analytical_Chemistry/Electrochemistry/Electrolytic_Cells
https://creativecommons.org/licenses/by-nc-sa/3.0/

Cathode Am Electrolytic cells

I ué*

K SO;

* Non-spontaneous chemical reaction

Electrical energy converted to chemical energy

Needs a battery

Anode is +
Cathode is -

E® ., is negative



https://chembam.com/definitions/electrochemistry/
https://creativecommons.org/licenses/by/3.0/

Differences between galvanic cells and

electrolytic cells

« Chemical energy to electrical energy
e Spontaneous

« Exothermic

« Separate beakers/ electrolytes
 Salt bridge connects two half-cells
 Positive cell potential

 Anode is negative

« Cathode is positive

 Electrical energy to chemical energy

* Non-spontaneous

« Endothermic

« Same electrolyte in one beaker

« No salt bridge

* Negative cell potential

« Anode connected to positive terminal

« Cathode connected to negative terminal



Similarities between galvanic i
cells and electrolytic cells

 Oxidation at anode
* Negative ions move towards anode
 Reduction at cathode

* Positive ions move towards cathode

e Electrons flow from the anode to cathode

* The mass of the anode decreases

* The mass of the cathode increases




TABLE 4A: STANDARD REDUCTION POTENTIALS
TABEL 4A: STANDAARDREDUKSIEPOTENSIALE

Half reactions/Halfreaksies E% (v
Fidgl+2e~ = IF + 287
Co™+e = Co™ + 1,81
MnO; +BH' +5e- = Mn™+#40 | +151
Clig)+2e- = 2CU #1268
. . . R0l + 14 sbe = 207+ THO | +1.23
Oxidation half reaction g 4+ = 0 o123
MnO:+4H' + 287 = Mn™ +2H:0 +1,23
d 1 F P +2e" ~ Pt +1.20
Re UCIng age nt Br{l) + 2= = IBr + 1,07
d NO] +4H +3¢ = NO[g)+2H:D | +085
Ano € (+) Hg™ +2e — Hgil) + 0,85
‘g Ag'+e = Ag + 0,20
E NO; +2H +& = NOdg)+HO | =080
§ Fe*+e~ -~ Fe* +077
& Odg)+2H + 26 —~ HaDo + 0,88
§ b+2e -~ 2 + 0,54
a Cu'+e” = Cu +0,52
ki Sl+4H +4e” = S+2H:D + 045
- IO+ Oz ede” —  40H + 0,40
o Cu™+2e ~ Cu #0234
- 50T +4H +2e = SCug)+2HO | £0.17
g Cu™+e — Cu' + 0,16
2 Sn*+2e -~ Sn° +0,15
2 S+IH +2e -~ HaS(g) +0,14
= M2 -~ Hdg 0,00
£ Fe +3e — Fe —008
F-] Pb™+2e" -~ Fb -0,13
o Sn™+2e _— Sa —0.14
_g N +2e" ~ Ni -027
i Co® +2e = Co -0,24
= Cd™+2 -~ Cd -0.40
= Cse = o —041
% Fe™+2e - Fe —044
d 1 h If 1 sl - Cr —074
Reduction half reaction E 2 = 7 “o7s
. ye_- £ M0 +2 — Hg)+20H | -083
Oxidizing agent e
Mn™ +2e~ = Mn -1,18
h d - AP +3e = AL —1.88
Cat oae ( ) Mg™+2e- = Mg -238
Ma'+e- = Ma -27
Ca*+2e = Ca -287
s'+2e” = Sr -240
Ba™+2 = Ba -2,80
Cs'+e = Cs -202
K'+e = K -293
L'+e = L -305

Increasing reducing ability/Toenemende reduserende vermoé




Decomposition of
copper chloride

 ANODE

Positive electrode

Negative Cl-ions will move to the
anode

Cl-ions are OXIDISED to Cl,
Cl-ions acts as the REDUCING AGENT

 CATHODE

Negative electrode

Positive Cu?* ions will move to the
cathode

Cu?* ions are REDUCED to Cu
Cu?*ions acts as the OXIDISING AGENT

This Photo by Unknown Authorislicense

d under CC BY
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Battery

- R
=—{ij]
Inert Electrode Inert Electrode
Chg) a0y

i LI
_ F 5 Agueousi Mac o %
Electrolysis 38 i
of a saline oo dlli.
solution P . il
Anode Cathode

This Photo by Unknown Author is licensed under CC BY-SA-NC

lonic salt dissolved in water
* + and -ions of the salt

H*and OH- of the water

Metal ions from group | and Il elements are weaker oxidizing agents than H,O

* Metal ions will remain in solution
* H,O will be reduced to form H, and OH"


https://chem.libretexts.org/Textbook_Maps/General_Chemistry_Textbook_Maps/Map:_Chem1_(Lower)/16:_Electrochemistry/24.10:_Electrolytic_Cells_and_Electrolysis
https://creativecommons.org/licenses/by-nc-sa/3.0/

Battery

I e
Ul
Inert Electrode Inert Electrode
Ol i Hagg)

Alg S
_ F 5 Agueousi Mac 2|8
Electrolysis 38 i
of a saline oo dlli.
SOlUtIOﬂ R : S e
Ahode Cathode

This Photo by Unknown Author is licensed under CC BY-SA-NC

lonic salt dissolved in water
* + and -ions of the salt

H*and OH- of the water

Metal ions that are stronger oxidizing agents than H,0O

* Cu, Ay, Ag, Pt
* The metal ions will be reduced


https://chem.libretexts.org/Textbook_Maps/General_Chemistry_Textbook_Maps/Map:_Chem1_(Lower)/16:_Electrochemistry/24.10:_Electrolytic_Cells_and_Electrolysis
https://creativecommons.org/licenses/by-nc-sa/3.0/

. - :,m Legend
Electrolysis 26% NaClmpy T55: *° - m
of a saline ’ R

solution o
@ cCl,

24% NaCl < == . & no

@ oH

This Photo by Unknown Authorislicensed under CC BY-SA

* EXAMPLE: CuCl, (aq)
* Oxidation half-reaction:  2ClI- - Cl, + 2¢é

EXAMPLE: NaCl (aq)
Oxidation half-reaction:  2ClI- - Cl, + 2é
Reduction half-reaction: 2H,0+ 2¢é - H, + 20H"

* Reduction half-reaction: Cu?*+ 2é - Cu


http://chemistry.stackexchange.com/questions/55851/why-is-twice-as-much-hydrogen-produced-than-chlorine-in-the-electrolysis-of-brin
https://creativecommons.org/licenses/by-sa/3.0/

Battery

e B
a1
Inert Electrode Inert Electrode
“hatg) )

A g : s
: 3 AgueousiMacl -3 4
Electrolysis 3 : B
of a saline oo dlli.
solution ) AN
Ahode Cathode

This Photo by Unknown Author is licensed under CC BY-SA-NC

lonic salt dissolved in water

* +and-ions of the salt

* H*and OH- of the water

* Negative ions of a halogen are oxidized more easily than H,0 (except F)

* Fluorine ion, sulphate, carbonate, nitrate and phosphate are not oxidized, water will be oxidized
instead to form O, gas.


https://chem.libretexts.org/Textbook_Maps/General_Chemistry_Textbook_Maps/Map:_Chem1_(Lower)/16:_Electrochemistry/24.10:_Electrolytic_Cells_and_Electrolysis
https://creativecommons.org/licenses/by-nc-sa/3.0/

Battery

a- a-
=i
Inert Electrode Inert Electrode
) ' Haig)
Ay 3 F
"8 Agueousi Mac 2 |+
gk i
. T : g g
. rl1 f - : % Lo
Electrolysis 44 N0y &
of a saline Anode : Cathode

This Photo by Unknown Author is licensed under CC BY-SA-NC

solution

PRlecative ions of a halogen are oxidized more easily than H,O (except F)

* Fluorine ion, sulphate, carbonate, nitrate and phosphate are not oxidized, water will be oxidized
instead to form O, gas.

 EXAMPLE: NaSO,
e Cathode (Reduction half-reaction): 2H,0 + 2é - H, + 20H"
* Anode (Oxidation half-reaction): 2H,0 - O, + 4H* + 4¢é

* Net reaction: 6H,0 - 2H, + 40H + O, + 4H*
2H,0 - 2H, + 0,


https://chem.libretexts.org/Textbook_Maps/General_Chemistry_Textbook_Maps/Map:_Chem1_(Lower)/16:_Electrochemistry/24.10:_Electrolytic_Cells_and_Electrolysis
https://creativecommons.org/licenses/by-nc-sa/3.0/

Electroplating

* Nickel spoon is coated with Ag
* Object that has to be coated is the cathode

 Anode — metal X (metal that will form the
coating)

* Electrolyte — metal salt solution containing
metal X-ions

* NB: In electroplating the SAME metal is
oxidized and reduced

silver
(anode)

Voltage

J |

+
source
e‘T le“
'

AgNO3(aq)

Spoon
(cathode)



https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Map%3A_Chemistry_for_Changing_Times_(Hill_and_McCreary)/08%3A_Oxidation_and_Reduction/8.03%3A_Electrochemistry-_Cells_and_Batteries
https://creativecommons.org/licenses/by-nc-sa/3.0/

Electrorefining of I

COpper Pure ImpL
copp

copper

* Purification of copper

* Pure copper: Cathode
* Layer of pure copper forms on electrode
* Mass of cathode increases

* Impure copper: Anode
* Impure copper oxidised
* Mass of anode decreases
* Less reactive elements and compounds from

the impure copper will precipitate to the
bottom of the container



TABLE 4A: STANDARD REDUCTION POTENTIALS
TABEL 4A: STANDAARDREDUKSIEPOTENSIALE

Half reactions/Halfreaksies E% (v
Fidgl+2e~ = IF + 287
Co™+e = Co™ + 1,81
MnO; +BH' +5e- = Mn™+#40 | +151
Clig)+2e- = 2CU #1268
. . . R0l + 14 sbe = 207+ THO | +1.23
Oxidation half reaction g 4+ = 0 o123
MnO:+4H' + 287 = Mn™ +2H:0 +1,23
d 1 F P +2e" ~ Pt +1.20
Re UCIng age nt Br{l) + 2= = IBr + 1,07
d NO] +4H +3¢ = NO[g)+2H:D | +085
Ano € (+) Hg™ +2e — Hgil) + 0,85
‘g Ag'+e = Ag + 0,20
E NO; +2H +& = NOdg)+HO | =080
§ Fe*+e~ -~ Fe* +077
& Odg)+2H + 26 —~ HaDo + 0,88
§ b+2e -~ 2 + 0,54
a Cu'+e” = Cu +0,52
ki Sl+4H +4e” = S+2H:D + 045
- IO+ Oz ede” —  40H + 0,40
o Cu™+2e ~ Cu #0234
- 50T +4H +2e = SCug)+2HO | £0.17
g Cu™+e — Cu' + 0,16
2 Sn*+2e -~ Sn° +0,15
2 S+IH +2e -~ HaS(g) +0,14
= M2 -~ Hdg 0,00
£ Fe +3e — Fe —008
F-] Pb™+2e" -~ Fb -0,13
o Sn™+2e _— Sa —0.14
_g N +2e" ~ Ni -027
i Co® +2e = Co -0,24
= Cd™+2 -~ Cd -0.40
= Cse = o —041
% Fe™+2e - Fe —044
d 1 h If 1 sl - Cr —074
Reduction half reaction E 2 = 7 “o7s
. ye_- £ M0 +2 — Hg)+20H | -083
Oxidizing agent e
Mn™ +2e~ = Mn -1,18
h d - AP +3e = AL —1.88
Cat oae ( ) Mg™+2e- = Mg -238
Ma'+e- = Ma -27
Ca*+2e = Ca -287
s'+2e” = Sr -240
Ba™+2 = Ba -2,80
Cs'+e = Cs -202
K'+e = K -293
L'+e = L -305

Increasing reducing ability/Toenemende reduserende vermoé




2H,0 () = O,(g)+ 4 H'ag) + 4 €’

\"‘/E\\ F\ 2H0()*2e” —» H,g) + 2 OH (aq)

2 HE
— F "y
o battery
(]
I - ¢+
um—
=
o . r
= - <]
| =
=) =] _
e~ e

This Photo by Unknown Author is licensed under CC BY-SA-NC
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Example 1

QUESTION 1
The simplified diagrams below represent two electrochemical cells, A and B. A concentrated copper(ll) chloride

solution is used as electrolyte in both cells.
ELECTROCHEMICAL CELL A

— —
[ (% I

1.4

Carbon —

*

— Carbon

Copper

I
Concentrated CuClz(aq)

Are A and B ELECTROLYTIC or GALVANIC cells?

ELECTROCHEMICAL CELL B

*

o

— Copper

Concentrated CuCl2(aq)

Which of the electrodes (P, Q, R or T) will show a mass increase? Write down a half-reaction to

motivate the answer.

Write down the NAME or FORMULA of the product formed at:

1.3.1 Electrode P
1.3.2 Electrode R

Fully explain the answer to QUESTION 1.3.2 by referring to the relative strengths of the reducing

agents involved.

[10]



Example 2

QUESTION 10
The simplified diagram represents an electrochemical cell used in the refining of |' Power source -‘

copper. One of the electrodes consists of impure copper.

10.1 What type of power source, AC or DC, is used to drive the reaction
in this cell?

10.2  When an electric current passes through the CuCiz(aq), the mass of
electrode P increases. Is electrode P the CATHODE or the ANODE?
Write down the relevant half-reaction to support the answer. (3)

10.3  The impure copper contains zinc impurities which are oxidised to zinc
ions. Refer to the relative strengths of oxidising agents to explain why

(1) P Q

zinc ions will not influence the quality of the pure copper produced in Concentrated

this cell. (3) Cuctz(aq)
104  Electrodes P and Q are now replaced by carbon electrodes.

10.4.1 What will be observed at electrode Q7 (1)

10.4.2 How will the concentration of the electrolyte change as the reaction proceeds? Choose
from INCREASES, DECREASES or REMAINS THE SAME. (1)

[°]



Example 3

QUESTION 8

I~

The simplified diagram below represents a cell used to electroplate an iron medal with a thin layer of gold.

8.1 |s this an ELECTROLYTIC or a GALVANIC cell? (1)
battery 8.2 Which electrode, P or the Medal, is the anode? (1)
8.3 Write down the:
8.3.1 Half-reaction that takes place at
P electrode P (2)
8.3.2 Oxidation number of gold (Au) in the
electrolyte (1)
Medal 8.3.3 Energy change that takes place in this
AuCts(aq) cell (1)
8.3.4 Visible change that occurs on electrode P
after the cell functions for a while (1)
8.4 Besides improving appearance, state ONE other reason why the medal is electroplated. (1)

8.5 State ONE of the two possible changes that should be made to the cell above to electroplate the

medal with silver instead of gold.

(1)
[0]



Example 4

QUESTION 5 ©

The electrochemical cell below is set up to demonstrate the purification of copper. The graphs below show the
change in mass of the electrodes whilst the cell is in operation.

'y
1

P
C) Q
w
@
=
Copper(ll) chloride Time (min.)
solution >
5.1 Write down the type of electrochemical cellillustrated. (1)
5.2 Define a reducing agent in terms of electron transfer. (2)
9.3 Which graph represents the change in mass of electrode A? (1)
5.4 Write down the half-reaction that takes place at electrode A. (2)

5.5 Electrodes A and B are now replaced by graphite electrodes. It is observed that chlorine gas (C2) is

released at one of the electrodes. At which electrode (A or B) is chlorine gas formed? Fully explain
how it is formed. (3)



Example 5

QUESTION 15
Chlorine is produced industrially by the electrolysis of a concentrated sodium chloride solution, NaC{(aq).
The balanced equation for the net (overall) cell reaction is as follows:
2NaCl(aq) + 2H20() — H2(g) + 2NaOH(aq) + Ciz(g)

15.1  Define the term electrolysis.
15.2  For the above reaction, write down the:

15.2.1 Half-reaction that takes place at the cathode

15.2.2 NAME or FORMULA of the oxidising agent

15.3  Refer to the Table of Standard Reduction Potentials to explain why sodium ions are not reduced
during this process.



Example 6

QUESTION 7

In the electrochemical cell below, carbon electrodes are used during the electrolysis of a concentrated sodium

chloride solution. The balanced equation for the net (overall) cell reaction is:

2H,0(l) + 2Ct—(aq) — Clx(g) + Ha(g) + 20H-(aq)

Gas X _C\ f’:\‘- Gas Y
S, 2 o
Electrode P — L Electrode Q
<+——Concentrated NaCl(aq)

|
Is the reaction EXOTHERMIC or ENDOTHERMIC?
Is electrode P the ANODE or the CATHODE? Give a reason for the answer.
Write down the NAME or FORMULA of:
7.3.1 GasX
732 GasyY
Write down the reduction half-reaction.
Is the solution in the cell ACIDIC or ALKALINE (BASIC) after completion of the reaction?
Give a reason for the answer.
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