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ELECTROCHEMLOIRY: co o covecorccn con

TYPES OF ELECTROCHEMTCAL RXNS: TYPES OF ELECTROCHEMICAL CELLS:

1. Electrical > Chemical energy: 1 Electrolytic celis:
b electrical (urrent passed through solution- L device that converts electrical emergy int0 Chemical potential by means of
L process calied electrolysis. G non- spontaneous redox fxn.

L A chemical makeup of Jsolution .
b electvical enerqy requived to stort vxn.

1. Chemical > Electrical enevgy: b electvode fxns suitained by supply of electvical energy
b (hemical rxn bet. Lhemicals. “ tonvert to (nemical

L producrion of electrical curfent.
b takes place in batteries v Galvanic | Voltaic cells:

b device thal converts chemical energy 1o elecirical energy as a result o

* both involve a tvansfer of electvons self - junain'mg sponianeous elecirode rns.

LECTROLYTIC CELLS:

ELECTROLYSIS:

b process by which i0nic substances are decomposed (broken down) inio USES OF ELECTROLYSTS:
Simpler Substances when an eledtric (urrent is pasied through them.
“in ordev for electvolysis to WorK ;i0ns must be free 10 move I extraction of metalf (amminium from Bauxiie,
magnesium , Sodium).
- electrode: electrical onductor used to make contact w| nonmetallic

part 0f Clrcuit 1 Preparation of halogens (eg. Chiorined

- electrolyie: Subsiance that (on (onduct electrocity by forming 3. hefining of metals (eq. (u; 1n)
free lons when molted or dissolved in a Solution.

ELECTRODES: - part of process fhat transfers electrons

e et |— N "% ions attracted fo
: ha tlectvode “inert . does Mot take plae in ren (e.g. Carbon, platinum)

Anode Cathode} © = lons attracted to
© /R O C t tledvode - active : takes place in ran (eg. (u elecrode in (u(e (aq))
(S Electrolyte () D
® - lons () or (aq) move freely ~ Positive ions MOVe to negative tlecrrode

which allows for flow of wrent “ metal | hydrogen ions @ : metal [t (g) produced

Diagram showing an electrolytic cell.

" Negative ions move to positive electrode

- this s for a el 0 sold

clectvode made of a {0 L non- metal ions © . nen-metais produced
non- spontaneons rxn. Substance which Wa g delocalised
“ delocalised € move throughout e ; e.g. metal and graphive RED(AT ANOX
electrodess.

 reduction sccurs at athede O Oyidation ocurs at anode

“in electrotic ceils t The cathode is[@Epyy nefagtire] and s prpde dygieayd RYTEYa.CcOM




ELECTROLYGLS OF AQUEQHS rGOLTEONG- ol DENTLILNC: RREDOMENANT HALF-RXNS

“Aqueous golutions mixture 0f tiwo electrolytes: (ompound r water

eg (ults (aq) . " and H' attfacred to neqative elestrode
/ \ . U and OH attracted to poliﬁve elecrrode
W 1T W'+ OH water which partially iomises)

" Preferential discharge will be carvied out (tevtain i0as would be selected to carry out predominent rxn).

FACTORS AFFECTING PREFERENTIAL OISCHARGE:

I. Position of ions in feactivity | electrochemical seriel: 1. Concentration of ions-
ftronger reducing agent - ions in Similay reactivity are in comperition - relarive
l ] concentration of 1ons becomes Ffactor
stronger 0xidising agent

: if conentration of a substance is higner than the other;
At anode (ANOX): At (athode (REDCAT): that sussience undevgoes rxn.

“1f element is srronger RA (Wigne/) -if tiement is stronger OA (lower) 3. Type of electrodes:
» is oxidised ot anode. ~ iy redwed at cathode.

“wie of inert | active clectrodes influences which rxnis

“But: if (oncentration 1§ predominant at elecirode e.g. (u elecirode in (u(€; Solufion

hign ; the More (oncenirated

Sustance undergoes ren “inert eletvodes -3 mainly nalogen Formed. (e-9. Carbon | platinum)

EXAVPLES OF ELECIROLYTIC CELLS:

Elecirolysis of Copper (1) Chioride using inert electvodes:

(u(lz » Cut' 4 200" " (hlorine given Off anode as ¢as bubbles.

“if laken ai 1P, (an (altulare ne- mol.

-negative (¢ e: : + || -\ e-\ e S puitive (ut! Wing n:= ¥V .
. 2 SR - Ve
lons attvacted * 4 I * t"/ium atvacted
to positive anode o S aihoda 10 negarive (athode * (u deposited on cathode - wmass ot
and are Oxidised. and are reduced. (athode T
e @xidation Reductio®n 9 .
0] - (olour of (u(e, Jsolution biue
e Electrolyte @
e - (Lilg) + e ©) W 4 1e” s (an (presence of Cult jons).
* Oxidation 'h 1xn. - = " Reduction 'R rxn. “As tn proceeds, L] as mey ore
reduced at (athode t0 torm (u (1)
“Full vedox xn: "2 Solution Decome s ligwiey in (olour.
L™ - (Ry(9) + ‘lc'% + U F o (L) + )
(' 410 5 (uly)
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Glectroysis ot (u () Jair wiing adid@blvimbaiaded from eduresourceza.com

" uied in electioplating ot copper (vefining ot copper).

[ [ [ |

blister (impure) copper anade - (u > (u?'

S
1 i pure copper cathode : Cu'' > (u
t (opper (1) sulphate

Solution (electyolyte)

- Lopper pasies from anode - (atnode

- leaves impurities ( Ag, Au, Pt etc) » forms slime
Whith Sinks to bottom

- Tae L ] wiltnot change - no o wiour.

Anode -

Ox. Iz C(uo (ut' v e
Cathode:

Red.'lt  (u'* + 1€ - (u

Full vedox run:

Ox. 'l (u-> (u** ¢ e % '
Red.- ‘11 (u'' + 1e” - (u

(0t Cutt> (Ut +(u

" (u Limpure) 3 cu( pure)

Electropiating of filver using active electrodes

“wlectroploring: depositing thin layer metal On anotwer for protection | appeoronce

liF

pure Ag anode

onjeci to be electroplated (tathode)

Solution ot AgNO3 ond porassium Cyenide

* [ng*)ions remains the some (wotn deing made + used up)
* (yonide ensures % [A9*] ions » best piating resuits

- Bui: expensive + hamful

Anode:

Ox. 'l Ag-> Ag' +e
Cathode :

fed. 'l Aq' +e” = Ag
Full vedox rxn:

Ag > A" + e'%»
Aq' +e 3 Ag

Ag' + Ag > Ag' 1 Ag

“Ag () » Ag (s

Clectroplating in industry : recovery ot aluminium:

+

(0 (arbon anpde

carbon cathode

molten a2,03 (alumina)

t mineral (ryolite (NagAerc)

— = " lower melting point (1045 agp® <)

AL " Hall- heroult process

" 01 gas formed attaccs C anodes > form (02

© €+ 02 9 (0 : musi be vegulany replaced

“AQ fomi ai (atmode. Heavier tan AR 03 | Na ALK

MIKTWe - sinks 10 bottom 1 colletied

“But: hai flouvides

“toxic to environment

Aoy (83> W'+ 30" DownloadeeeleE e esousime za. COHRFe mui ve thoroughy

hamiul gases

(leaned




Anode: Downlo asteeldhyQite@CivkRS O U @ &€ lition of atios 2

Ox- 't 107 (&) 0z (9)+ ue- - Financial 1 vesbuvee Cosily “ AL’ iens weaker Oxidising agent than He0
(athode: - veleases (0v (greenoute "o Water will be feduced at Cathode ,not ALY ions.
Red. 'l AL (£) +3e” - AL(0) gas).

Fal redox rxn:

60 (&) > 30:(9) ¢+ ne‘% +
url® (8)y e > LpL (2)

WY (&) + wAe® () - 300 (a) +uAL ()

Electrolysis in industey: producrion of chiorine:

" production of cniovine gas ( (e3) 1 Sodium wydroxide (NaOH) Vyia electvoysis 0f Nace (Wrine)
" Chlerine:  Water t fewage treatment, production Of plaitics (PVe) |, pesticides + insecricides

NaOH: (thewicay (organic |inorganic tompound synthesis), metoliurgy | alumina [aluminium industvy , puipt+ paper industry, textile industyy, Soaps
t Surfectants | Water treatment

t - Anode:
Il’_l Ox. o ¢t (ag) = (L2 (9) + e
Positive anode (athode:
| Negative cathode Red. flt LHi0 (8) + 1€ 2 Hu(g) + 10H (ogq)
Na(t (Qa) 0.ca. Brine which is Full vedox rin:
the electrolyte

1™ (ag) = (L2 (9) + e % t
LH:0 (2) + 1e” » Hi(q) + 10H (agq)
1 (ag) + TH0 (L) = (€ lg) + Ha(g) + L0H (ae)

"Na(e (aa) > Na' ¢ (€
* Additionally : .0 (2) 2 H30' (aq) + OH™ (ag)

N8 : Na' ions are prejent in Me Solution; :. if we add Na':

Anode : INo(R (aq) + 1Hid(2) > (1 (9) + Ha (9) + ZNaOH (aq)

© (R + 0H jons attracted.

© Barier o get OH ions , but L) s = (L ions formed Why are products formed kept separate 2
© (21 (9) (ontaminared W Ou (g) - fxn W[ Wydyoxyl ions: * (21 (9) and Ha (9) react explosively
- 0 Tions 15 o 4y qas formed
LY ions o ; + 0v qgas formed

Coo U (9) pwified fom Oxygen

- dangerous
" dejtvoys product
" (R reacts wW| NoOH to form vieach

(Lv + NaoOH - NaOce + H(e
(athode:

"Na' + Hy0' ions ottracted
*Na (s) does net form -
© H0 Stronger OXidising agent than Na* (lowes on redox famie)
reduted ot (athode
“effect: OH ions formed + buiid-upot Na' ions ar camode
: NaoH formed at cathode.
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[YPES OF CELLS USED [0 PRODUCEGHORTNEM eduresourceza.com

Diaphragm (eli

(Rl + - W) Anode:
1 ! 0x- 't e (aa) > (Lt 10
,J . l L Cathode -
2 1 ( [ titaniam anode Red 1v TH10(€) + 18° = HuL(e) + LOH (aa)
cone. steel Cathode Full vedox rxn:
Na(e 1L (aa) > (L O+ 1o % +
(aa) L0 (€) + 187 S Hule) + LOH (aa)
_—— NadH contaminated W/ Na(@ 102 (aR) t 1H 0 (2) » (11 (9) + Hq (9)4 m(l(;v‘
L_ diapnragm
- asbestos dangerows - ASLRITOS + polymers - Add No:
t boxi( " Tpressure anode side = ligquid flow IR to right INa(e (aq) + 1H10 (£) @ (£1(9) + Hi(9) + INQOH (aa)
" presents Naop from tHowing back.
' 501- Concentration " Na(® crystallises - separated + dissplved + process repeated
- §mall 1- Na(e 1emains - 1400 - 1Y00 kWi pev metvi ¢ ton 0f Chiorine

Mercury | Castner- Keliner (ell -

©, chionoe gas ©

b it Anode
RS L e ams e

saturated

S il Lo (athode:
“- “l_'" non
Na ,“ ol NQ'(‘Q) + e- - NG“)
Hgin = NN _,\IH‘ it
mercury cathode (-)
O hyioge , , ! “Amalgam (substance formed tormed by rxn of mercury with another melal). bemeen
lecomposer
‘-’;g:’:qe—‘ll Oluminium + mercury:
Zdulvon [ Na Ho aﬁm gam -
INa' + 1e” + ’ng - 1INoHg
water {7,
— Mercury cell
o \___ and decomposer
chlorine production . N
e fumped info decomporer Wi Waier + grapnite (stalyst 10 recycre wercury:

INaHg + TH10 - INaOH + THy + 1Hg
“ % purity t net 05 (ontaminated (5014.)
“MeVCury poisoning
© Tenergy consumption

" envivonmendal pollution (mertuvy Vapout)

P e b it e |T|c¢.u) |T| Ha (9)

Membrane cell : (ont. Nace 1 H10
- - —
titanium anode ‘ nickel catnode
“Membprane : only Qlws positive (Na') jons mrougn  pOlymer membrane
and not (& jonj uied falt — —, NagH out
—

% Mo (ontamipation Downloaded fromﬂe*duresourcefza.coﬂ
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Anode:

Cathode:

Full redox rxn:

(L™ (ag) » Ua(y) + 20

e (ogq) » (€ (9) ¢ 2¢° {
L0 (R) + te > Hile) *L0H (aa)

Downloaded from eduresourceza.com

Who(R) + 1e” - Hiule) *L0H (aa)

- Add No:

e (ag) + LHLO(R) » (Rz(9) + Hilg) + LOH (aa)

INa(2 (ag) + 1H0 (£) © (£1(9) + Hi(9) + INQOH (aq)

“Only 351 NaoH production
" loNelt energy COnsUm prion
- doey wot vequire loty of Jpace

*Vevy little (ontamination

ELECIROLYSIS AND THEHOLE - FARADAY'S CONSTANT:

" amt subsiance deposiied depends on:

" Charge on in
Clurveny in Grcuit

" time

" (havrge ot | moie 0of etecirons

* Favraday's (onjtont =

a¢ 500 ¢

\

q = nFf

* 4= (harge (in C)

= N0. ot moles [inmel)

"€ Favaday't (onstant

no. eleCtrons in 1 MOl X C(narge Ot ele(ivon

6,022 xio'd x Lexip'Y = auzer ¢

e.q. The electrolysis of molten lead (II) bromide - PbBr2 produces lead at the cathode and bromine at the
anode. A current of 10 amps is allowed to flow through molten lead bromide for 5 hours. What mass of
lead is deposited at the cathode?

Given:

I= 10 A
al= S x 60 X 60

=1

Miead =

I Nrfite half v for eiectrolysis (vedox tavie)

Po*' + 1le

1. Nrite out Your mol ratio

Ne : NPy
1 : |
I ]

Y

Pb

“if asted for 8r, wse br

foermuia

3. (aluiote the chavge Ond no- mol e .

Iot

"

180 000 C

(10) (5 x CoA &0)

= how muih tharge used

O

q: I x o

© 4= (harge (in0)
© 12 (urvent (in A)

©ot= time (in )

Q- nf
150 000 = n (1¢500)
LA L, %Y mol

T how Much mol
e you Wave

u. (al(ulate no. mol supitane or mals (it asked).

NPy = 'h. x \ 81
= 0,933 mol
Mmep = M
= (0,933) (20%)
=193, 3 9
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GALVANIC/VOLTALC. o LELLS - covccve o

SETUP OFA STMPLE GALVANIC CELL:

e.q. (opper -2inc galvanic cel:

voltometer , lignt bulo, et ¢
- anptwer Solution wj iong

tonnecting wires

- electrons flow from
anode to tathode
(e-g- from ln to (w)

d

- completes cireuit

Salt bridge — KNO3 (aq)

“best Lhoice : KNOy -QllowS ions 10 move between

\'4 é
2 0r NaNos Solutions to ensufe it femding
'sm? Cu Zn - loses mass  wewtral-
Mp (athode Anode
- ZnSO4 (ag) s
CuSO4 (agy — I mol-dm”
I mol-dm-?

HALF CELL HALF CELL

Looking at the 1 redox rxns (from vedox tapie): - Metal elecivodes piaced in solutions of their own Jalts:

't 1e = I " Enables metal ions to disiolve + drif T
oA kA " (ompietes Ciruir
(Ut + 2e = * Other solutions wsed : metaly react + form fide
produci!
* ln 15 higher 0On the table . ir
is oridised litronger rA) NG : 6a(Ly - formy injolubie Jalts  AONOY - [opmy inseluble
» ln electrode is the anvde. with 508 and (0% Jaits wi every anion besides

* (u loNer on the table - it s NO3

feduced (stronger on\

.. (u electrode is ihe (athode. " finmation ot precipitate hampers working ot sair ridge - § [ Solutions)

Function ot Jait bridge in eath haif teil Why do we need inert electrodes?

- anions Meve inro anode nalf -(ations move iato (athode Walf 1. Hotf - cells that don't have elecirades t6

| W e sait bridge Wy F ‘ sait bridge fransfer ¢ trom anode fo (athode
v i
"’ MY . tu? W (ut?
w0y . Joy :
g g 1. IF there's an eqm perweea 2 ions (eq $a?*

(aa) and sp4' Lea))

“(uY jons leave the Solution and bBecome

" It ions leave Un electrode and jnto
attached to the (u eiecivode  making fhe 3. €am between gos and ion

the solution ,making the Jolution
Solution negative.

positive .
* Twuy , negative igns will flow inre the " Thus , positive ions will flow into the
anode Walf - cel. (athode half - ceil
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CELL NOTATTON: Downloaded from eduresourceza.com

" AlNays: §n"" and 5a'" are ions : not solid

. an inert electrode like platinum | graphite must be
® Anode ® San bridge ® Cathode added.

eqg Ln (9 | Intt (ag) | |Cu" (u,)\(u (» ey PT |5n“ (aa) | 6n'* uc,)l | Ag* (aa) | Ag (5)

T T 1

This indicates that foit bridge indicates they are in fame
the subsrances are phase.
in separate States.

ftandard conditions:

“if asted 10 give phase indicators and ftandard (Ondifions: pressure of 1 atmorphere | 1, 61 % 10° Pa
(tor gases)
In (9] Ln*' (aq ,at lmol-am")l | (utt (g ,at | Mol -dm”*) | (u (» * (ontentration 0f 1 mol- dm™® (tov aq Seluriens)
a 15° ¢ - Temperature OF 15° ¢.

“if given gases: none of int Susrentes are Sohd

|—) L plotw wied ay inert electvede
In () | 1n' lan, ot lmol~dm")| | CL, Cq, @ vor xiof Pa) | (¢ (oa,at 1 Mol dm 3) | 1o

ot u'tc
“ € Ceen) - ¢ (cotmode) - £ Conode) % w data " t® (e > o ; . spontaneous rxn
- €9 (cen) = £° (oxidising agent) - ¢® (veduting agent) 2 sneet © €9 (cell) €O ; : NOR- Sponianeons 1xn
€% (ceny = €° (reduction 'L vxn) - ¢® (oxidation ‘I vxm) 0k

“if RA is above and to rignt of OA (redox tame)

®

RELATION OF CURRENT AND CELL POTENTIAL TORATE AND EQUILTBRTUM:

x doesy not affect emt

(el potential and eaquililorium: Cell voltage and Lurvent related to fxn rate:

"Onte eqm in (ell is Yeathed: the voitage ot ke (el\ is 1evo. " Onte eqm in a (eIl is reatned ; The Curreat jrops Hawing in the
el

* factors that fareur the forwavd rxn 1 the voltage
" factors that favour the reverse vkn 4 ™e voliage " T rn rate + Tam reacting Jubsrance ; 1 (uyvent

* Tsurtace avea tevminali ; 1 rin vate +¥int.y . T curvent

- Wider + Snorter + more (onductive falt bridge ; vint.r
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AUTO - REDOX -

Downloaded from eduresourceza.com

" veaction of 0 Jubitance Witw itieli in which it ads both aj an Okidising + reducing agent-

eg- He0
Ox. 'z Ha0v > 02 (9) + WHY + 1€~ % + Full redox 1xn :
Red. 'l Hifr + W' &+ 1" > 10 1H 0. = 02 + 1HL 0

Ri0u ¢ M0 1™ 2 01 3" + 1HL0

SACRTFICIAL ANODES-

“Use of another move reactive wetal o protect another metal + preveat it from (orolion
. use ot a metal that if a Svenger RA

~ will ve preteventially Okidised

.. protects oOther metal

e.q. — e metal 1t

line metal uied fe t e = Fe

Q) SacritiCial anode 0A

* Un strongey EA than

Fe

< rowill oxidise

© . Fe wil nol oxidise +

not (ovode.

BATTERLES:

device (onsisting 0t One or more electrothemital cells, which siore Cemical eaergy and moke it availabie in an elecrrical form.
* environmental (ONG@rAL: Foxic meral pollution

* primary wattevies used gnce - fecond avy barteriey used move than Once

*irreyersivle reaction * reversible reatiion

" 1etharged : Lurfent ran througw Dattery but in opposite direction of disthavged (uvrent.
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