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Differences between Galvanic and Electrolytic cells

Galvanic cell
(voltaic cells)

Electrolytic cell |

(electroplating, electrolysis)

Uses a spontaneous redox
reaction

Uses a non-spontaneous |
redox reaction ‘

ECEH >0 positive

E.u < 0 negative |

Converts chemical energy
into electrical energy-
i.e produces an electric current

i.e NO power supply because it is
a power supply

Converts electrical energy |

into chemical energy
i.e uses an electric current
i.e is connected to a power supply

Anode — negative electrode
Cathode — positive electrode

Anode — positive electrode
Cathode — negative electrode

Has a salt bridge

NO salt bridge present

L uee o dentify i

€ moce chaus Coluanc or €lectrelyhc
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Electroiytic Cells

These electrochemical cells convert electrical energy into chemical
energy. Electrolytic cells use a non — spontaneous redox reaction. The
energy for this non — spontaneous reaction is supplied by a power
source. The power source could be cells, batteries or A.C power source .
The process within an electrochemical cell is called Electrolysis.

Uses of electrolysis includes : electroplating metals with other metals
EPNS - electroplated nickel silver

Production of chlorine

Electrolysis of water

Hair removal

Production of Aluminium, Copper, etc

Reduction - the process that involves the gain of
electrons

Oxidation — the process that involves the loss of electrons

In a electrolytic cell :

. the anode is the positive electrode ( connected to the positive

terminal of a battery)
. the cathode is the negative electrode (connected to the

negative terminal of a battery ) _
IR e will be a NEGATIVE number ie E_,<0

If the cell potential / emfis - 1,8 Vthen this means that the
electrolytic cell needs a minimum power supply / voltage of 1,8 V

to work.

= When you use the redox table, the reaction at the cathode will be
above the reaction at the anode.

= CROAK - cathode reduction anode oxidation
( cations = positive ions ) and will

therefore be attracted to the negative electrode called. thg cathode.
Non=metals have a negative charge ( anions = negative ion ) and
will thus be attracted to the positive electrode called the anode.

= Metals have a positive charge
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Electroplating
Place the metat at the Anode
PI
ace object ( spoon, babys shoe, magwheel) that is being plated at the eathode

Example Electroplating Copper onto a babys shoe ( bronzing)
Electrolyte: copper sulphate €' O+

Corer metal (0 onade -,
Anode half reaction: Cu -+ Cu*' e (¢

(shoe)
Cathode half reaction: Cu*' « 2e 2

L Cu +ranasferred ento the =hcc.

Why does the colour of the blue Copper sulphate electrolyte solution remain blue?

Answer: The Copper sulphate electrolyte solution has Cu?*ions. As these ions “used 1~*
during reduction at the cathode, more Cu?*ions are produced at the anode during the
oxidation of the Copper metal. Therefore, keeping the concentration constant,

Cui K

During the electroplating of the shoe, the current was 1600 mA and the time taken was
7,5 minutes. The initial mass of the show was ‘800g, calculate the final mass

© q-= Tt
= IL,t x5 60 |

\6GO = & = 100¢ = 1LEA

v jlo N P b an .l'mcl' cr e
O.ﬂ&ﬂ
L: q¢s00 ¢ o ¢
@ Faroday's consan _
920 . 7 el YT mel of ¢
Fy %ﬂo
14 i -2 (.H - )
Cu \ juﬁ
®
vt “ io'é wil of Cu ned
g;xl'o-} > 3:15} » AL S wi )
7-1‘:"_________..-—--"_' - I’ {
: FTNAL _MASSH
ﬂﬂ =n x~ ':5 x 63;6 %OO ,_t > . C)I-"ﬂ{“‘
® . FU=E - 800,44 E
_ 0,2 43 DEPOSITED

am— T T rCeZa-COTT]______I_
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Example 1 : The electrolysis of Copper ( Il ) chloride

i _
Cell diagram: vl
-7
_appesites :,H_rv-..'_,'&
'I\ ‘tcf,:_f_—___* ‘u_‘aﬂ:.dc
Cuitt ~a |2 ecinode

@ Anode - @ Catnade

(',,u“ LL- j s - e el 3 o enly

E',kt L‘[ﬂ“f}e‘ — Cuu‘-.’,"""‘ CUL[.] (-%) e cerduct ir twe
(.E-h ':-Uir C-E.— ‘L e;iﬁ._uen-u& - kaatE .

:k\ Q— disseccates ima
dm ’ UJDt ‘[ﬂf"\‘&a e + Cu

€ el ; , g - &
“1.1 Oxidation half reaction ( reaction at Anode)

xk'fi/(:,ﬂ.' — Ao > 2e

= .
1.2 ‘Reduction half reaction ( reaction at Cathode)

Cutt v 2o - Cu

1.3 Nettionic reaction :

e * u s?* Oz v Cu

E 1.4 Energy conversion : eleciricol enemy ‘e chemical eneryy

1.5 Which substance was collected at the anode ? (La qos
What observation would you make ? _bluach-lie smell

1.6 Which substance was collected at the cathode ? _(opper mdtat
What observation-would you make? brown_doposit

OVERALL BALANCED CGUATION!

Culls = Ga(o) xoma)

Downloaded from eduresourceza.com

Powered by CamScanner


https://v3.camscanner.com/user/download

Downloaded from eduresourceza.com

Blctidsie of b Bry

L F"b“. ..a e

@  (reducton )

. coirrhaede
4 PbL g v de” —_ Pb
 ancde @ & (,_ovc_lt_:%c:xh:m )]
- 2 Ge” = By . Re
h\' Nett ionic
—— e s I L = il ol i
PhY* 4 aBe” <= Pe v Bry
Volt . EBeell = Bred - Eox:
— O I A

(- on3) - (o) ”

— e ———y

+appesites albract.

@%egaxoiv_ o iens
@ ,quLy qu:c:.'_:d'(:‘t':. abdrad
(3 oxi /ed .

@_

nom - Fx_:n_r\_+ﬁn‘aec w S

requires power su_ppi’:f

- -t.;_,)l‘*lf\ rinimuen 4,22 V

Downloaded from eduresourceza.com

Powered by CamScanner


https://v3.camscanner.com/user/download

Downloaded from eduresourceza.com

Y Example 3 : Electrolysis of Water

i KO

AN In a school lab we use a Hoffmann voltmeter

~J

b ler

E?S' 15.5.4 Hulm:h‘l::'nrl‘;l;’:“e it g

QJJ L H g_o — 2Ha1 + C A
~J S

l_,;J B s o ]

H “

Q <

~ L ALwAYs:

~ ; 0

} - /I-‘t cathode O 1-
9

battery

switch

2HiQ — O + LHY » ﬂl’_'

+ - 0
2.1 Oxidation half reaction ( reaction at Anode)

= o H Y
ieﬁﬂ“' 2.2 Reduction half reaction (reaction at Cathode)

7
- —pu.}&l"-"”bl"\':)
2,0 v e o e ¥ AOH

NCE e~ | soms
2 3 ‘Nett ionic reaction : - Rememboer o BALA :

molerisien

CHA0 — O + 2Ha + LHT + LOH™

2.4 Balanced equation : 2H20 —a e + Oa

4+

2.5 Which substance was collected at the anode ?

oXUORN
Ly )

2.6 How would you te

st for the presence of this substance ?
inkec -+ it 5 brahter | th-fecﬁﬂCﬂC’Eﬁr{j%m’
0 qlbulﬁfb pplin &[ﬂm i n o

U

2.7 Which substance was collected at the cathode ?

Hudrogen  dad
wJ

0 J ‘
b ey %Lge,[}%[om»h%fmhur& PPy soud.
« Mo o e @’(-‘d“s?.‘“% and (eduting (,\%e,r\t.
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Aluminium Industry - Hall proeesss / Houl- Herbbut

Aluminium is made by the electrolysis of its oxide called Bauxite: Aluminium oxide
Aly0y. The process is called the Hall Process. The oxide is obtained from the

‘ mineral' bauxite — an impure and hydrated form (has water of crystallization)

_ AlL;O,. xH,0
The melting point of bauxite is too high { 2050°C) and it can therefore not be used
during electrolysls in its molten state. Expensive and energy consuming process.
However, a mixture of bauxite and cryolife WayAl F}. It contains the complex ion

AIF,”” which has a much lower melting point ( 900°C ). This mixture is electrolysed.

s Lt —Africo, TV e .
® o

ENOW

molten

molten aluminium B‘“E“U:'“-"“

'sieel cell

The anodes (‘positivé electrodes) used are made from graphite’. The cathode is the
steel vessel / containér. The container is also lined with graphite. The electrolyteiis

| 0 placed into the container.
- g y Bmem F Ace (D)

The reaction at the cathode : «4- AL L&
— 0x(g) * ke’
2

me“-— *—."_‘,, = L—:t-

Problems associated with this industry: ™ ¢
1. The graphite electrodes are converted into carbon dioxide and must thus v e
a4 :

be replaced from time to time.
2. The energy consumption is high'and the Hall processis only feasible if ?(+02~ (02

carried out near a cheap source of electricity . Example : near a wind or pellution %

r ) —
W- % The reaction at the'anode : ox. .631' 20*

hydroelectric power plant 3 houde. gos
ﬂ{,,m,]'rh &A : Aidhard's %alf (k‘:“ﬂe” harbom)_
@ What sbstance underwent educkion]
b ALSY

Downloaded from eduresourceza.com
Powered by CamScanner


https://v3.camscanner.com/user/download

|?
Calhede 4, AL Dowrfleaded$tdnf éduresourceza.com

. o . 1} i ride .
Avcde © @0 > 320:(y) ¢ ke” ) Fhan o
red f LWy ¢
r 14 -
“oue  4ALTT 4 CY = LAt (o g,
{J
W=

4 folanad -
=R 2alG  SEAL g )

AT THC ANOOC - (carbon = rcgruphifﬁ_')

r Oa = COs

S5ues

' ‘| i L pollufien / Jreanhec e 9
| (enuirorm enial |asu3§

| tchede cels

i {_,‘ re € eroded - mue ke replaced s arhut dewn
(ecaromic i=sue),

b s cost 40 ment 4404

L tast o E\'EC{I"{Q

e=laay

SOLUTT OAL - {
. (,u;c’-lt*f lower s,

l'ﬁ(“\"l“h P'L (1% i o * oo 'C‘)

ty

¢ Uze hydrodlednc power  insicad of ceal.

Downloaded from eduresourceza.com
Powered by CamScanner


https://v3.camscanner.com/user/download

e e ALUMINT UM N
p— R st o e T
S 1 _produced ot pnede e o efpumesshoods tc  coller

— L uanbouoengag the  released (0
Ly ;

iwbs oﬁ wlm-auﬂiam
s vy hgh

-J&IG‘»C] gr[f'm'rf:r as i :
- Hoiwe rm!ﬁrﬁ pb J’rw

roen G

ﬂbt-s

fo  afcecs

ao iphernal nsodecrars

-
*l
=

&ﬁﬁwﬂd:ﬂnnfy is h UI

+ (ol - fed power glotions preduce
N &GT 71 S(GI o NO’!
v pelintanl +—r

L agigl-raire

uéf: 'Hlfﬁfm é&ci‘ni Fowd" f—ﬂfam
M ALUED

1
|
i
|

asids v (e -~

. oumeeh do be ﬂpa'aml ”

I
|

| (NGTEN

olleviokion [ solution 1o ALL - teeyele  gluminiume

Downloaded from eduresourceza.com

Powered by CamScanner


https://v3.camscanner.com/user/download

¥ KNOW  Fneoty
Downloaded from eduresourceza.com

g Purification of Copper

* Also called Electro-refining of Copper or electro-winning
¢ The impure copper is called Blister Copper

l—’ Blisier Coppar
The impure mixture of the ORE (mixture of metals with minerals) is placed at the Anode.

rechuc i noy

Copper, Platinum, Silver are in the impure mixture. Copper is a stronger owidismng-agent
mar:)g\e other 2 and wijptherefore undergo oxidation 1%, The other impurities will sink to
e bottom.

Electrolyte: aqueous Copper nitrate or Copper sulphate.

Anode half reaction: Cu = Cu?* + 2e” oxidation

Cathode half reaction: Cu?* +2e~ = Cu  reduction

The Copper sulphate or Copper nitrate electrolyte solution has Cu2tions. As these ions

“used up” during reduction at the cathode, more Cu®*ions are produced at the anode

during the oxidation of the Copper metal. Therefore, keeping the concentration constant.
L pos_lﬁue. ens wowe ko ne\fjd-"‘iue- cthaode .

The cathode is made from COPPER. We collect Copper on a copper electrode.
e - dont have o sepnsd=
Aiff s
When all the copper has been collected and we now need to collect the pure Silver.
The following changes will be required:’

 Electrolyte Silver nitratel how .
« Cathode must now be Silven
« Adjustthe Voltage of the power supply
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e NoOH  (sed :
k - BOOPS
- droun decner
I I-PC}\lonn& &al.‘ P‘-um .C—ﬂ;li:ieachl
© b kmse NaOH
{—

poduck 2 Ako  called ehlore = caustic

o Ha
= Wicibar - Rorsc h
3 Bocket [l
_1-) ORTGINAL pROLESS : hnercury  cothodd - methed | process KNOW *
. 1) . metinac)

|3) CURRENTLYLSED

v insues/rencans for
dirslioe,

Membrane - process

O  'MERCURY CATHODE PROCESS
:-a\
thedrolyte : molien Nalh

L mdle at +golc (. expensive 4o melt )

ST ff_fiéi_ e

o Xopsite droges
Onode:  (® - ottradts @ N CM‘noold E-) -~ ottects Na* —
. Oxidohon Wl [‘j;g_@'ip e & ‘teduchion

: Nogt +e — Ne (¢)
_ b we cellect &1(3‘) o the ‘onode L /n'“’« Lin-EL Sodiven will be trorsported oa

o 'uitluxd marcuy Hﬁ layer. (recyded)
s tUe ol e eain.

i3 No - looe clenaa Fleet
3 moe dewse o, siaks

L Na + Ha = NOH ¢+ Ha

b We e NaOH 0nd  Ha 133 ot
the CATHODE.

5

(8

i Ne jonic: 200 - (L (3\} * le‘} lose)
‘ INg'  vle—s Nu(®)

et +2l” 5 @2 + 2Ne

> L, 0%V

L minimum valtoge. requied:

E@L Ece.LL Led - Eox = 20 = 1% == 4,07V

—_—
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Problems  with  Merwry  oadhode proces :

i ! v ﬁﬁwmmmmmwnthuw systen
v @6 mﬂlhna Nall s hﬂ
d st of cﬂu:brmta is htah
1.) L DIAPHAAGM  PAOCES )

A
|
| |
L i note b ke - (s

> seposoker onede fromn  coxhade

o i@ﬂg& b aqueown~Noll 5 coltworer [bring.
N

Codhode ©®  (duhion) . opkbrods Na

b Nod  will cmpere with wores mdoules (use wdox 1abls)
b wates 6 o amhﬂef"midiﬁaﬁ gt then Ko’

b ookl \miﬂ%u- wluckon isutead ofy Not o

heduckion efg Ho : E = -0.53V ] Rauchon D{kwm io
iudion of o' €= 3N Mo oy efftee
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. . ~ NoOH- collecked.

Bwder © - ptedsnll
>g oudben: 20 > Ua(g) . o%e _

Nelbionic:  2H0 + 227 = Wy s+ Bag) v 20HT

|Ball = €ud - €ox = -9¥2- @38 = -39y
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