Chapter, 21 E lectrochem istry

Electrochemgiry deads with
(1) chemaal thamgu produced by am electne et , and
@) the prduction of electucityy by chemical reoctions

& has provided much Infoumation. abod chemiad reactions as we shalf see.

In elachochomical reactions, There s ALWAYS a+Hramsfr of elochoro.
* elechochimical rachomo ane REDOX reachons - a chomical spocies
wll be ox:dged whde o speedas is beung reduced.  The Hwo half-raactions
are separokd physieally in o cell ard elections flow befweon The
two helf - cells.

Note : Recall fhet current cam flow in 2 Loows
() metdlic emduction : conduchion. of eleckicad cument by The Houw
of elechons almg a mefad wire or mehl Sunface.
(@) 1enic or elecholyfic cmduchon ¢ emduchm of elsctucal commrd by
the mohon of ims i o soludim. o a pute ,&@wd (eg molfen salt)

Both kunds of amduction occuns in elechochumical cells.

In the ebochochomical cell, The oxidation and reduchion hodf - veactions
occum of elechodes , which may or oy ret pantteqpals in The
teachon. . If fhey do not pashewpats, the elechodss are called MERT

Cathode : he eloctrode where reduction. ocaves + elackoms ate gaimed
by o SPetiy :
(hint : cotions go to te cathode fo get veduced )
anode :  The elechode where gxidation occus & elechmo arne Jost by a

S’PQQ}QO
Chint : amione go fo e amede o qet O\(ld&é&‘)

-
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Tl\m ame 2 Hypes of electrochemical cells

(1) elecholytic cell + cell in which electucal enerqy cawes
non- s pontameous Chemical reachons fo ccwr, (A& >0) .
(@) velfue or gulvamic cell = cell in which sponfameous chorical
reachons produce elechuanl envigy. (4G-<0).

To testle , e elocholyhe cell requuws entrgy (fmee batiery) fo 9o
and The voltaic cell produces ermqy. Therefore a vollic celd i

a baﬂmg o‘f Sok.

ELecTROLYTIC CELL

The process by which, rxm"spm‘fzwzeom reachono ane ‘}5Ced o go h an
electrochomucal cell is called dcdwg,gsis.

ot fhe '
S [ o N B S R
‘ - + electue gentodor
Inext Coodtery)
elechodes— 4

R 2N A \w:wud is comied taugh the solutm
by The movement of Imo, therety
Completing the electudod Cuicuit.

clechomo ose aondable  © electimo o producsd of this ekchode and

ot s elachode. fo flow bock. fo the bodny
PM‘\‘[CL{JCCG, in. veachions -~ veacho Thot occunn here jPVDd,ur_u e
e‘m&yﬁﬂ(i‘w e‘a 7(_-% X +e

e M* e M = oxidodhon occms he

“reduchion occuns ey ot hods i He ANODE

= s s the
CATHODE
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Exazmp!es E[edw&{s}s of Molten Sodiwm Chlade (Doums Celd)

This process is wed for the commrcial production. of metallic Sodum(s) -
o vewy reacte metad.

|

|

el Hhis contmmer is heakd do T > el
. | 9 o ﬂ/ Pofm‘,t of Nall (9% 7°C)
Not+e-=> |

CLs a4, ~we hare Na¥ imo and CC o in
Na(s) { the celt. b
N ' Hhe +wo edachedes ana seponotkd by a
parwl e % prote. oo boriay 1o prest Nous) ard
atROCe  hannier EQ_L@ flom. Commbinirg % x¢ploding.
Obsewwachons :

() a pole qun g, Cly, s liborodkd of one eluchede
@) vneldem, silvery whdz modallic Na 'ﬁ‘m\s ot the otfer eluchode
ard raes to the top

Nof + e — Na(s) reduchm — catkode
L™ 2, @ + e oxdotim. — amede

Nw’ = Nols)y+ &, @)  overadl reachm
motrem Nl i the cell.

LElectrolyss o A%uems Soduvm. Chloude (usw, Pt elictredes)

Observotions :
(1) qovecus Hy s evolued of one eloctrede and fhe soluhm betnes
boie cnound The elochode
(D gaeows €y s liberokd ot the other elechode

Thise an Qhﬁe,m\f cbsexrvations -ﬁow\ the fhdwwgw 0‘]/: mollen. Nall .
(ohsy?
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Ans.  Ih elichochurustiy, fhe most eaolly omidised speciso is oxidigd and
The most easily reduced speciso is reduced.

b0y

L/\-/\/WN-M—
W0 N
ANODE W -z, +e
L - CATHobE: H,0 + ¢ —FH, @)+ OH™
Nof  CL -3, +e — 2 - 272G -
, T CEL LO + LU - B, iH1+O
codhode ancde Ok

AM0 + 90 Cly + Hy + 20K
 wadea 1S MOY‘GWJA./ reduced fham Nat Jons

This is the comumercial Prtpw\ochow 76’ Hy @ |, Clatg) and NaOH(s)
The NoOH() remaina in Solukion wntld The 0 is evapankd off

Electrolysis of A%uﬁou,s Soduium Sulphete u,sd’«? Tnert Elechudeo (P+)

Observations :
(1) qaoeous Hy 1s produced of ene elactode ;- the solution becnmue
basic cv\oumd The elachoce.

(D qaseous O Pod«tm.d at the olher elachode s e soluhn becmes
acdic. anound The elechode . |

- wake s fhe most ensdy reducd speciso and e moct ool oAokged
speaiss.  The lons of Na, S0y only oy et e, msww
but toke no poat i Hhe reachon .

caHODE * QX QH,0 +2e  —  Hy + Q0H )  rduchm

ANODE. QHO = O +AHH* +He  ondohin
OVERALL b HiO — QU+« Op + HH + AHOH
NET REACTION® A0 = AU+ Oy %ﬂb/
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Recalt Electolysio is The process by which. n- spordameous reachons ang
preed fo go tn an elockochenund celd.

-Quesh‘m - How much eloctricall change must be Supplied fo Cawse o specdied
amount of reackion. fo occun ? '

Fou‘adag's Low of Elecholysis

I 1832, Faroday observed That the amount of subsfamces ndergoung reactions
ot electodes wao popafional o The amount of electncdy that passed
Through The cell.

Physico_reviaw
Coulomb : amownd of chage That passes o qiven pount when

1 ammpere flows o L second.

]
1 ampere = _fé%dcg%b or | # couwlombs = #ompues x #s

foraday © @ wiik of chonge  fhat s longon Fan The coulomb

1 )%mdm{ = GLH4%7 cowlombs or
+# colombs

+ {GU\O&WS = QENRF
Bt how does a foraday relats To the process of eloctrolysio ©

if 1 faaday of charge poased Thmugh an elockolihc cel,
This means That 1 mole of elochions (6023~ 102 elechons )
Pouued through. the celd.

. (omiirg 2 reducurg ogent)
We weimermber Hat am e%;walmd’ wught o{a“saﬁsfwr\ca 0 e yraes

of a substanca Fhat poduces or w1 mole of elachms.
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ﬁmdaq is fhe amount of eloctncity that molecudon weight
(1) reduces 1 equuuodunt werght (= #e n hodf veochion.
speciss ot the cathode moleculan weight
(> onidigs 1 equialent weght (= ¥ & m hafrackim) of &

sFecixz,s ot The anode

) ofa.

Eoch of These corresponds fo fhe passage of I mole of eloctrms
though the cell.

Exomple :  Consider he half reaction,
2 CJ-(oug) - C(a(g)‘f e
or
a @ — z 29 + €
+ Hle equuolond weight of Cp is T © Z 7 35
L @adayﬁsgmoes %ow?k He elockolyte cell, only
T,'li’ Mmole.? o'f C@l (cf) IS PYOCJMCﬁd U/hde/\ Standond
Trpnatue and presswe Condifions (sTR) |, He

Volume of Cly 9 poduced = 224 b+ 2
o2 L

oxidam.  ANODE

I n

moles of Pmdud )grme_d In e,QQdZoqu.ls OC Mou::}d o@i&cﬁcgz " '
HALF O N |

ACTUWAL REACT\O
‘ # mlw of product foumed _ % moles of Predict i half wacken
using ﬁmdaysi + Fmo.dojys Pwed # molw of dackons I hodf rﬁad’p\,

Exomple: Consider AW g = Cly@d + 2 . How rmauny

moles of Cly qao wowld be ontLucQ,d if 3 fovodays of charge
Possed ‘Wmmqk He celd 7 How mamy qva/rw? How momy Siders o

STP ?
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#moboo»fugﬁim&d = imob.o{ul
# 'ﬁA&days Passed 2 moles of elechono = 2 Fmodays

miteo of Uy = 3 fnachys * T

= 1.5 mols U,
mom of Clg = 1.5 mol  F| Vel Imole = Flg
= l.\X/OQq .
viwme o) Uy ot STP =[5 met * d2.9 il
= 34 L

# molw of Pm&ud ]meed _ 1 mole of Produd " hu\f reackian I
# Cowlombs possed T g molo of €7 x F6HEF condambs/f,

usung Cowlombs
Example - Coleulate the mmass of pallodium prodused by The reduction, of PIT)
ions dururg The poasoge of 3.20 amperes of cu.MMCt Haough o soludion. o
of palladum (I) swphit fr 30.0 mundo . Whet m\i chi\e.weh(océ?%d% c%w‘/\o‘
Pd*logy + 2 — Pd(o

#mdy B fomed 1 el of product
# cowlombs poased T 2 x 9ERF

Fomperes X # secmds

¥ Coulombs =
= 320 amp x (30mnx B2
= 5760 cowombs
moles Pd 1 mola. Pd
"57L0 condombs 2x 96,500
Fmoeo Pd = 0.029% moles
moss of Pd = 0.0298 ke x 106N Vinol
= 3.2 9

At 65% dlachnde effitancy , one cold podica only 65% of 3184 of Pd
or 318 x0.b5= 2079



A1-8

Exam\P(Q': Whde Pd* s b&&hq reduced of the cothode, waden 1 b.bunq
ox'ldb:,:d ot e amods. :
&H,p Q) — Og(q) + L{H+(o.%\ + He™
For how mamy doys would 3.00 amp of cuvent howe h-ﬂow T produce
NSO L of Oy qos ok STP ot 100% effrcamey ? ot 65% efficina,?

mol Oa PdeMULd - 1 mole Oa
(@) +# Cowlombs passed Hmle e x 96500
T awmp x seconds

AS.0 L | or wie PV= nRT
mol Oy Pmduu.d = 22 Lmd 2.0l moles at STP conditums
ot amd 2F3 K

. SLLbS“'\-’l’\L"‘/r\q Q-Ol mc{ Oa_ = 1 YY\OI Og_
300 amp x £() N mole = 96500
)= 2.5%3%10%s «

t(doys)= 2.59% 105 = Imin  Lhe , _ldoy _ 299 days
&0s 60 . 24 hr

() To produce the same volume of Oy at o lower elachode cﬂf««uwoy, He
elactolyso would hawe fo contorue 7 o longer peniod of fure (rammable!)

. .99 days
* Lime af b5% effiiney = 5 p5 = HLO days

Notes on Elechpde E{ﬁw\a{ (or amy e eﬁ@ew;\af Prob(m)

C]CF!.C} ency : amount of product mode per wnit e

read cell
. actuol amount /actual Yome m/t[
% efliduney = - - *I00 = 2% xjop
ml.{ "H\a\hj’\tﬂl W/"H\Qm +M"~Qa °/€o& Pafd(:t“

Cose L+ If e sl i slachulyyed ' o ol el and pusect wll o o <ame i,
t=ts ond 7% efftioney = moXI00 o s x %loo

Case 2: If the same amount ofProcluc:t w made in veod cell and perfet call, mem,

oy = - Lo . »
% efhooncy = _]%xloo- 2xl00 o t- t/y,&'{%
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Example: A 3.8 ampow cuovunt i pansed for 0.431 hours Through
o Solwhon, contouning o gold salt. if 3.3b 9 of qo/d plates out od

the cahode | what is The change on the gold ions in soluton ?

Al ¢+ ne - A (s)

molws of Auw plafd . 1 mol
Comlombs Posed N x GeN®7
3.36 9 .
moles of Aw = T[Q7.G 9fmel Atomic weght Aw = 1437
= L2 %1072 b
Couwlombs Paaoed = L(am\p} x t (s) COmin , bOs

= 38 amps x OA3l M * T hr [ min
= 4.93x 107 couombs

1. F X107 mdeo L
H.93 x |03 comlombs h* QLHY 7

n= 299 = 3.0

o soluhon, confaumed AL ions.

For Iyowb 'Um'%bmdio»\. :
Electrobylic Refining ard Elechoplating

This methed s woed o pundfy metol ores (eqg. copper)

_ | L’“’“’" omde:  Cu () = o+ 2
—> @ atheder G4 Qe - Cule
net - 'coPpe/\‘“'\ort WOWWP(QAD ouk ao pwu Cu

ading witk metol i stmilar — He
to be elechoploted is mode the othode .

very _
feoppen

cothed orode Eledrop |
@cduciioen) (oxidohin) C'Ob'&fd-
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VoHaic (or Galvanic) Cells

Voldic or galvanic cell :  an electrochemical cell in which sponfaneous
oxidotion - reduction reactions produce electucal energy.

In ths cell mfihwhf.)gdﬁo.lf reactions (oxdation ard reduction) ae ,
sepanatked 150 That election hansfr is forced b occwr by fhe panonge
of elactrons  Fhrough am extanal circuit. Therefore,  woeful.

electucal energy is Produced.
lood or

+ v = A<vol’rmd€m A
+ Fi.

SALT BRIDGE

e

e — =D

M¥* 42 > M iedudvdév\ | oxidafion. M) > M*¥ + 2
cothode ' Anode
elechons ane QO"‘S.W“J - elachrons one ondu&d here
Cathode is +(postture) : omode is — (ragatwe )
and elochons flow awoy ﬁm
He amode

Nt :+ A salt bhdqe s wed o © ComPk'(’L e eloctucal cuewd .
(2 avoid m{xi/nqw‘ﬂ\c A solukons. td clos
s amy mecdium. %m o ol Sty pecs .
or KCl / S% agar soluten. (a kind of gelofin modeniak )

The. negadwe tons (g (0D will move. 0 an To complate e circut .
or n ot (oods - He tewe Ll gl v sold b“ﬁql to kep Yh
{oe soluhons N.UC\'\OM&-‘ chrarged - cofins to cathode, e o avede .

The wost common. half-cells contam o metod eochode jn Q. Suckim. of
‘H\e ot o-f 'ff\e metal:
eq. Zn s'('u'.? in o soluhon, of 2ZnS0y (aQ)
Cue sn‘rilo o soluhion of OCLSOq(o.@.
but there one offen kunds of hoif-cdls ao we shalf see.
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Stordond celk @ o cell i whick The reactnds ane in Hain thermook/namic
stndad stiloo.  The elochedes ore mack of pune medads or plokirum,
(F an imext eloctods is de) I~ Contact Wik o 1M sofudim.
of ik ions or | atm Pwa‘iol pressue of 9a0 (Cackaad).

The 2n- Cu Stardad G

@ volhmeler,

 #As 1 adom of 26 s fumed
2 ajoms of L™ st nungi
info Hhe so&,xﬁn\ﬁn\#e
solt brdge o keop Th
Solution. hewhally charged .

Observations : (N iwhad voldoge = + 11V
(2) maw of Cu electrode menoves, [0 ] around e

elochody decrgoves.
(3) mans of Zn elichode decwasss, [E**] around the
elochode (nensnoes
% reduchon, G+ 2 - Cu CATHODE
oxidohion. Zn - 2% + 2e ANODE
cell. Cl +2n » Cu + 2%
Nete: Ina rotaic cell @ cothede +  amok - ?ﬁy o fau Hio
lhamc&dzobfﬁc cell : Cothode - ancdy + out wifeut
memon 2eng &L -

Nete - l'F heohdlic >une Is deP&d wio a So-éudwy\ O'F GASOL’(&%)) TKQ j"m\(;
disaolves and Cu metal is ﬁrmed . No c&c}ucj.tg -ﬁows senee The o
holf reactions are ndt sepanctd.indo Hoo beakers.

| . Noter Onee He cell o rumnire, & il condinue wﬁ@; eWw\ IS
‘{f‘fg‘(‘f‘v’r i teached, 4o Ye reachon. A fhe ftme, Yhe Hntsrhafims of e
iz (_L%/ I et are e Souuirum, Conconhakms — hot A0 oL



j Lagt fime., we nveshgaded the Zh-Cu veltaee Stndand voliuc coll.
2n [ 23 (M CL* (IM) / Cu iratal potential = 1.1V

7cw\od9. Zh > 23* tJe
obtode Gt Ze 2 (u
veoll G P AT+ L

wﬁaitoﬁeaxd.g of\t7 Cu2t

Howio anothon stuntand call -/ Q2 (M) [l Ag* (M) /Ay "6iiET
Vo cam see ot i~ This Cane,

anedo. Cu — Cut +2e @q%% A?
Caﬁ\deQ[Ag re —> Ag) rcduum?%
averold 1/3? +Cu—> Gt + lAci
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Shorthord for er‘h}nq o voltaic (or galuamic) cell s

anode LI cathode
Selt brndge,

Zn-Cu stwdaad cell

sodt
brdge

20 /220m) || & (M) /
2 f e ,\_/)/\J & =~ elochode

electode

Exaxmple :

elechode solufmspetion  elechole
Inferfo.ce and i indeafoce
(SUJ\ Qn) COY\'CM\'h oh

“— ANODE —sl¢— CATHODE —
R 2n/ Z2nS04 (IM) | CuSoy (1M /Cu

—J

The  Cu- Ag Standond  Cell

Note : in The labnatory, a voltmekn -
is connecled Yo the two edochodes
i order to qef o Pos'(+ioe,
teoding. The elechiod attached -
fo the + Rummal of voldmen,
s Hhe + dackode (cothode {n

qolvamic cel). The elachode

is fhe - elechode (omode fon

o. qalvamie cell).

oftached o - devminal of vobhmek

CATHODE ANODE

Observotions : (1) el voldage of cedl =+0.46Y

(2) moas of Cu elockode decvases, [—CU;'“I around the
elochode honases  ( Cuelochode s dissoluvng)

(3) oo of Qg elochede thaatoves | fﬂg*] otound the

( Aq mebl i Pb&(}vq out)

elechode devnases

* oxdadron. Cu — G + 2 ANODE
reduction. 2(Aq" + e — Aq) CATHODE
cell A Ad + Cw = 2Aq + Cu 2t
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Shorthamd ( ancde || cathods )

Cu/ Cu® (1) | Agt (M) / A
OR Q&/ CuSOy (I1M) \ A9N03 My / Ag
let us look at beth of Yhese Standand cello agaum. -

Zn- Cu Ca - Ag
ahode Zn Q,L :
(oxdatton) Zn> 32 || Cu (Wit le
cathode Cu - Aq
(reduction) e 2o Cu Aqt+e » Ag

Recoll: In a redox reaction, The ox:duaénq a?%‘f Om'di/:}e.s ofher Speits ;
it itself’ gels reduced

Wueﬁr& what we discovened wao Thot '
A%+ O‘X!%M CLL VN.:b—Q— To C,u.b‘ (cw.d Aq+ N NM to Aq> -
and  Cu™ oxibisro Zn bl fo 22 (and W s reduad o )

- relatue shemc,#\s of crx:ol«‘@i/v\g ogwt : Ag* > (W > A&
“ relafive shunglhs  of reducng ac]wio: 2n > Cw > AQ

By combuning dufferunt paurs of holf cells ard obseruing which is The Catiode -
ard Wohich is The arcde , e can derive an entire series of omdhamg
oqerts (ond reducing agerds).  Thio serns is called The elochomote sews

or ad'tbi‘(y SEAUES..

To cguamTlﬂ The dyferences in oridiaing ab'id:/ between holf cells , we we
The potertiod diffuence betweon the holf-cell pairs . [ s ympossibl
fo measwe o. single pokntial ~ we can only measwre polentd difueneo.

' Poi&xﬁoi dWffonce (V)
Zn - Cu stvdand ald LY
Cu - Aq  shundond celk +O.H6 ¥
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* The more positive, The voltage, the greaden, the sponteneity of the reaction. .

 under standond condifions, The reachon in whc}\. Cut oxidiags 2n metl
has a. greater ‘M\dency fo 90 fo COEmpIu‘zom than the oxidafion of

Cu. md‘oﬂ. by Aq

We can see that if we fabulated: the standad pofertal differences betwesn
all the combinafions of holf cells , we tauld have o very lorg list.
Inskad, we put in a fable the sbrdond potenttal diffrence of each
half cell pained up with o speaiad Aaif el which hao a voliage

set arbitrondy equal fo gero.  This is the STANDARD HYDROGEN

ELECTRODE  (SHE)

SHE s CLKMAC,ULH fo work A,
and So ohce each half cell is
measuned agawndt it , we we
the hble 1o colodots, the
Po{u\‘h'nl &#QAGMQ,QA Letuoeem.
ol other combinations.

EO
\f SHE is the amode (ox\'da:i{oy\,) H, — AT+ 2e 0000~
f SHE is th cothede (reductin) AW + 2= H, 0.000 -

where E° is The shardoud eloctnde })o‘levd'iaﬁ Ha@) of ladm
CHYI ot M

EXamp(a-‘ Zn- SHE standond cell.
| Chservohma 3 :
(13 momof B elichods ¥, (3] 1

H, () .
,\Z,rt | o G:w (2) (H+JM\SHE Vv and Ha (9) 7
o ° |S P'DdMCQd
el @ infiad pofential is + ORIV
I M 2nS0y MUt o :
ANODE ' CATHODPE
oxidohon. reduchon

Zn> 22"+ % QH' +2e = H,



«i-1S

EO

Shndond holCald - ANDDE  gedadion, Znls > 2n¥egyr e ¢
standord holf-uth: CATHODE _reduction. AHap* e > Ha(g Q000" Y
sturdord CELL AH'ep + 2> 27 + Hip 0763V

" exdahim. at ANODE @ Zn(s) = Zh?" +2e = O.F63 - 0.000
= 0.3

Shm‘{'-ﬁ)rm: Z\/ 2)\2+(|M> HH*(’M)J H:z, (laﬁ\)/ Pt

ANODE CATHODE

Exmpln_: Cu- SHE standand cell

(% D mow of Cu clckode 1
[lM Cu S04 | M HO ] @) indiad cell pm‘@rdioi“O.%S?- '
CATHODE ANODE

Il [T oround elachode &
reduction oxdechm,

* : T Observotims
@ Ha(g is conswmed , [y
Cult 2o > Cu Hy >+ 2e

(o}

E

ANODE (Odeqi'iM> Hl(q) — JdH 1.(a.e) + e 0. 0000

CATHODE (reduchim) — CuThgy ¢ e = Cu(s) ?
CELL G2t v Hagy > AH" + Q) +0.337

+- polential of the half cell Clfrles (e = *O337V

Now we can budd our fable of dodo :  Elechomotive Sertes
Actwity Sews

dand

This +able is guien in Appendix T p A2l - M ks a lst of "poentals

of holf cells conneckd Jo The SHE. BufThe potentals are

iskd an REDUCTION Pokkﬁab, only. oll (og) specias : |

M*¥ 4 2 - M ohere. ol () spocus ¢ |

¢

M
atm,



Selecled Stamdard Reduction, Polerdials (25¢)

Acdic Solution Standand Reduchon. Polerdtal , E°
ox\dized ﬁrm tne —» Vﬁd&med )GM\A -
§ 2n 2 — 2n 0,763V
g AH'+ 2 — H, 0.000 V
3 G + 26 —» Cu ? ) +0.33% V
gg— Gt v+ e = Cw %M +0. 521 V.
:“ Ag' + e — Aq g_ 0, ¥994
g Bro + 2 — 28r ¥ .08 V
YMnO4™ + §H' + 5e - Mn*"+ 4H,01% LS V.

* fhe more positive, & The stimdond &duchbwﬁe}mgre The veduction
reaction. warts o go as wrdlin .

Which of the speess in The table ane oxidianrg agenls € (Hheoridued fms)
ANs. ol of fhe spacica on The Lﬁstdz of the reduction reactons

The most poveerfud ox(d.%l/v\c] gt s Mn0y / H* suney o s;aon ,
most want fo de redueed.

M@rﬁ,
MnOy /H* > Br > Ag* > Gl o> G > HY > ZM
s X weak oxidang
hang o%idiyrg oqmd‘ﬁ |

Whidh of the specis in the Tobl one ﬁmmggaw_ts? (ﬁﬁmﬂu&dﬁw :
ANS. ol of The spoucies on The N __g,&l side of the reducthan reachome.

Zn > Hy > Cu 2 A% > Brm > Mpt
stumq wea.h
reduamg ogend m{uumq a%emt
Tﬁeshavqer“nwmd«mqagmt fhe more (& wands To be
mc\ch@e,d '

—— e ———— -
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If you heed the E° for the oxidahon. reaction &g Zn- 2+ Ze (amody)

Eocdotion = ~ Evduchonn | = + O3V

We can use thio stamdand veduchomn POMML Toble b predict it o
reochon wull occun, undon stamdond emdibone (25°C, ol 0gutous
speuws = I M, oll quoes of | atm panhal pressune ).

Example: Wt Ag" oxidge mefadlic 2n(s) o B g will Z\Q*GXI%Q
0 mdallic Ag b Ag* undn stndand emdihuns?

E°(v)
(1) look ot Tabl : Acg*(a%) + e - Ag(s) + 0,4994
2t Co\%) + e = 2 (s) ~-0.%63

() The veduction reachion thet is more posdive will go ao wullim.
ard be He reduchon veachon..  The offen hodf veaction. Ledl ﬂ«f
around and Become the oxdatim. reackion.

E°(v)
Cottods (reductinn) A [Ag'G) + & = Ag(s) ]+ +0.3904
anode  (oxidodion.) Zn — Znit+ e +0O.F63

overodll cell reachon. iAg" b A3 lA% + 203+ 1562 VzEOCdl

Noe: Do NOoT mubkply E° £ Ag'/Aq by 2l

The B° oo holf aulf io conbolled by Yt actual eonconbatim. |
e call 5 fo o Stndand half cdl, T wonnhaton 5 1M
Jrlr\e,Cgv\wadeﬂeomfcfum?e wM“ﬂ-QCM/.PuME charge.

Shorthand notottmn, amode | cothode
20/ B3 (M) 1] Agt (IM)/ Aq

hnd 50, Aqt oridizes Fae) o Zn? Bt Bttt Eoke
Lo O



L=y

more simply,  The reduchon. reackon. that & mow posthie, is the cathodic
Geductim) reactim. and ARas The Gx:dubm? agent 0o Hha reactant:

Exampla : Wl permorgandle ima, MnOy™ oxidige Fe® 1o Yo o3t ipmo @
or will Fe? imo oxidise Ma? ims to MnOy™ imo Lmiu studand codihrmg

() Frow the fabl :

MnOy @) + €H @ + 5e” -» Mn® (@ +4H0 +15

»{-“cwcn«‘l'm:hmo onn et
qtoen., Has 15 aasuwmed .

E.

Fé@g)+ e » Fe® ©Q) +0,%¢
MV\Oq )SMNM'

(2) The wducton reackn. stk mae Powhre quoes as wriln & MnOy &
' and wll oridiag Fe*! 1m0 'fb Fe ¥ 1mo

The Omdx/bwq 043,24«}
To fond the potential of te stndad cll:

CATHODE
ANODE

CelL

E°(v)

Man e + SH' (og) + Ces Mh + 4H,0 +[1.5]
5x ( F¥s Fe? +e) - 0.7%

Mth-(mg) + gH’@_Q) + 5&2*4 Mn%;.@+ “”—‘20 + 5 Fe_3+(o~g) ,

Sherthond ¢

Pt/ Fe2*(1M); Fe* UM MnOg (M5 HE(M); M+ (M) /P4

Eou=10.34

Nete. :

we

one dwcuum? vldaic cells - which Conctan. only

SPoN TANEOUS reachmy.
a sponianesus reaction. |

CORROSION.

Efa * mwt be PSITIE £

This is am CA(CUMP(Q of redex veactons ocaumuq i ROtung ch your Ccu\>
where a. puce of meld s both The ancde and The cathode.

ANODE

e—» CATHODE

[

1

- FZ,Z*-&.QQ.

~

O;L“’ a’leO + L"Q- i d L’OH‘

¥
FelOH), - Fe,O;

RUST
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F(Tect of Conconhotion. (or Partial Besswe) on Electrode Pokrdial

[]

£

Up untd now, we have only worked with standard w{-uwim standad cdlod |
ol solutons were | M witk respect o Yhe ionsof udrest and oll gasgo were '
at lafin pantel pressune.

What if the cmcomhatimos and prmu ag net ot IMand 1 afm?
How doto This affect the reduchon poterdals ?

The Nernct E%ua:ﬁov\. ellows us fo codewlate 7
(1) the' reduction potemhal of o hodf cell o nm-Shmdand eomdihong | E
(2) the potential of a voltoic cell ot nom-Standand condohimo , By

° .303 RT
E-E° - & " E log Q NERNST EQUATION

where Q = reachon Quotient  wifk agueous secws in M
' Qoseows spatLy in odm
E = elechode reduchon pofential (or celd Fomaﬂ) |
E°= efechode Standand reductim polental (r '
cell standond Po‘f’ﬁhﬁai>

R = €314 T/m K |
no= raumies of moles of elochons involeed in halkf veackim.

o rants e e eyl it

= QoHY 7 V mol€

it

At 25°C, we cam sumplify the Nernst Eeuation

° 0.059
E-E - 2% g Q of 25°C

Cons'\dm; The half - reaction
Gt e - Cu E°=+0.337 V

. 0.0542 !
£-E -2
E= E° ot stimdad conditions when [Cu®]= | M

_—
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omple: Caloddli YRe veductun. pokntial of u*/Cu dochode ot 25T
wm [Cu2t] = .00 M.
Gu.

o L

E- g°- 280%=— O_Q(OOIO) ]
= +0.33¢ - OOsqéL M
=+ 0.41¢ V

EXON“-P(Q3 Coleudate e reduchon, Fob/»ﬁal of o deqen dochode H*/ Hy
i which, pH=3 and Hy pressure is 0.60 otm at 35°C. |

'@ + & — Hyqy E°=0V

2
050 adm
° 0.059L Ha, o
E-E°- 3 log _[CD_@. clachede
0.0592 0.50

=00V -7 log (1x1073)* sunea pH = 3
= 0.0V~ (+0.169 V)
=-0.169 V

The above exampl wew colcufations of e reduchm. potentols of non-stamdard

(oledotin. of Eey - the potithol of ou complete voltaic cel| wourg |
non- Somdand hodfedls  (remencher - Yhe cell) pof@vdmi wi be @ ﬁ» vebinic o

\Tf\ﬂﬁ o, Q,ways,!v

Mefod A: Calieulale each holf el seporalily ond odd foqether
Methed B: Codeuloto The cdl Pm‘emhau(,md%



A1=-2J

Coleulats e inidiol call potaial of o vothsic el hich conaist of
o /0w elechede_in. which (Cut]= 0.010M comeched fo o |
l’\ﬁd/\o?u&é‘hchnde Ih Wt pH=5 and Hy prestue 5 O.50 adm. ot 25% -

Mtod A G 0OOM)/Cu  E = +0.288Y

codRode.
H* (Ix103 M) /H, (0Satm)  E = =O.1AY

amode.

The more. Pom hatf-cell qoes 0o wrillon, - iF is reduchn s occuwat citrod
~ offier holf el is The omode. |

Shorthand: P/ H* (ixiom); Hy (0.5 || C2* (0.00M / G
E
cothode,: Co s 2 — Cu +0.23% V
omeds Hy = 2H" + 2 + 0169 V
overald : Cut + Hy» G+ QHY  + 047V = Bl

Metted B+ Caleudo Bt dhactly fimn Newnst Equatin
| E-E- R log @ afasc
EO
We, know Cult + 28 > Cu 0.333 V
;ZH+ +de — Hg_ 0.000 V
_ N ) E°
. Wirq stomdand Pomm tcothode G2 Cw +0.333Y
_ L omole. Hy = QK+ Q¢ - O00OV
overall Gt H? CutdHT +0.333V=Eqy

o _ 0050 Lt
Ecd—( Eum. oy \ EQ*}*IPH:L
0.0592 (1x103)"
= +0.332Y - =7 lo (0.010)(0:S)

oo

+0. 333V ~(0.109 V)
+O.H46 Y



2U-22

Brompl:  Colodette, e call potrdiol %
| Pb\ Pb** (0.0010 M) || AL’T (0.010M) [ Aw

From foble: Pb* + 2 — Pb -0 V

AdT+ 3¢ 5 Aw +1LDV

Tﬁw@@ (A3 + 3¢ = A +L.DV  cothede
3(Pob—> Pb +2) +0.12bYV  anode
203+ 3Ph = 2+ 3P £L63 V  oveald

_ o _ 0.0%2 Cpp TP
ot = Eea = 70 ReRC
0.0592 0.col0)>
= b3V - b l()q ((0.0lo))l
+1.b3Y - (-c.oH9v)

hon

+1.L8Y

Qda‘h'mxslr\}\p of E;M o 26°%and K

We recogrise. Kat 1t i ivmporfant Jo ko (f o veackion is Spondancaus

~ or net,

Thee o 3 ways To express The sprkenedy ofareachm.  For o
- reaction. where oll s Specaes are | M and all gastrvs speces adn
| lh:iwﬂﬁy (Q=1), jge reactn wdl he Sfov\‘fmw 9—- 90 i~ e :

‘(') 'ﬂ@s{m»dwd@lrﬁvﬁumydw\qe, AGe <O
i(él) Mﬂmdvmmc C%uMwNmeM, K 7|
(3) fe srdand POW of a calk, EZdRO
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;WQMSM AG% and K in corlion chaphns.  The relatonship between
M%ﬂmdvnm(cwﬁmtd-

A6° = - 2303 RT log K wheee R= 2.3 Tl K-
T= mpoodue(KD

Lek discuas Eqqy and ifs relafionship To spondeme ity -

In Hhis chaphr, we have ducumed setting up of voltnic calle b g Comberirg
md}#@\m\t hodf el Mcwwwdﬂows Hhow s an mﬁaﬁu&ﬁqe
hat cam be meaowd (Euﬂ or ECM 1f0JJZ reactnds and producbm
of I M ond 4 aﬁmpa/tﬁaﬁpa_wm)

These calls ae NOT af e%udm. The cumund Hows , reactants an ’
wed wp ord produci/} o ﬁrmcd.i'by(mq fo reach a sty of CWAW :
Onece CW!bW’A is reached , Eegg =0 and no cument fows
(e?. The baﬂ‘emj S dEQd)

Tzws‘swky wkenauan?e csc]wrmﬁuauﬂ #\meb(amsfaba “fhe inihal
VO-UU?p_ " Onee the reactimn /g(gom e Concomfakons a./mc/\amqm; '
and The volfoge of The cll aprrsackes gpo as the system. goes to '

eﬁztdllbr-iw»\.
]HdQO'{ZOCJWtLL/, AG° = -nF ELy| o rochm ot gandand
CondChibhs
[tis possible fo relate K and Efy by e%uaﬂ-r)wq the two reachions

AQ®= -2303 RT log K
AG%= -nF By

CenF Ege = 2303 RT )ogK
o 2203 RT
E el T = \08_ K

OSQQ.
Eowl 0.0 )O(& K ok a5°C




_Ql=~2Y

We cam aloo donive This f;ayn the Neunst E'%uc&fm’
Eut = Eogt - 2°R% lg @ ot asve
aj’e%u.d:briwm Q=K and Eett = O

Eal = Q.__CZ_:S_?:L logK

In a. volic (qawm'c) cll Mot is NOT at shnchnd condifioms,
we cam relofe Eoqp and 26, (we carnot delermire K, #p%)

“G = ~nF Euy

Examp(o_: Considu, Yhe *fo\\owx}nci voldmie el
| Ce /e (0010 M) N Su¥* (0.05 M), S (0.aM) / Pt

(o) Is He reachion spowtaneous wdie standand condihing?  Ans. calewlats
Eap If E° >0 , the veachm i sprbuneous.

E‘O
Sty e - S +0O.15 ¥
Crt +2¢ » O -0.74 Y
cohode  B(Sa™ + 2 - S) + 0.5V

omole 2 ( Cr = CF% 3) + O P4V
ol 3 S L 20 3G 20 +0.9V = FEon

Ves, the reackon undn standond emdihons s Spav\"rameouo,

(0 Colodae #6° ond K fo fe reackm ot 25°C
ANS.  UsE ESu:




2(-25

() “6° = - nF E'ult

= - 0b (%HQ? co tj
- -5 x10° J
, . oosqo.
(W) Ewr® \O%K
real\ha/vxqimq
K = onllo oosqg. Ealt
= andﬂogf . 59. (*O‘ZQVB
- |.b* 10

K= omtilog ogsqz 1.5V
= OJVCEL\D% 152
yodo - ewor on colodator 3
K—“— 052

e veockon SpoRMEOW umder the condittons q(»em? Colondede A€

@) s
C - B - 0059 | (Sn*] et
celll = coll °q (S '-\+I
©.0592 (0.2) (&0
= +0.89V - A log (O.05)

. 408qV - 205 log OLH

- +0%aV - (—ooo:D
= +O%qQ.V \,es & s SPNM@M

A&

- nfF Bt
~ b+ b7 < (+ 0.832V)

-5 x0T suwilon O AGS

¥
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Fonall Néta -
. E°
Examdo:  Goen  Gr3t+3e>Cr ~OHV
AQT re > hg w080V

What 1s He Eo'ﬁtﬁtmoﬁmﬁ Crs**rSAfa—%Cr + 3;35* 2

Soluhm : in Thu reachm: C¥" = Cr -OHY ol
Ag -9/)?* ~0.50Y ounode,

o Coll = Corole + Ecathod = -O0-34Y ~ 0.80V= = 154V

Can thio be o veltaic (gal\)amlc)u.u 2 No!
Is His reachm. Spondomoaus 7 ANo!
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Example : Calewdote The reduchon. potental of Cu?*/ Cu elochede at A5
when. [Cu2] = 0.0I M,

. 0592 l ﬂ
E = E° - Q_O;}TS“ log (c.01)
or i
+0.238 V
Examp(z-' Coladaty He reduchon pofbm"iaﬂ of CU.;“/CU.* elochode ot 25°C
when (00 [Cuodj = 0.5 M - Pt '
(tw*] = 0.0015 M - elechade
(b) [Cut] = 3[cu?] m

For this elochode, we khow  Cu? +e - Q'  E°= 0153V

[}

L]

o  ©.0%92 (ew] Neto : that whenewer [CuT=(e2t
E"-'E - ] Qoam ‘°3|=Oa,wd E=E°
0.0891 0.0015
(@ E = D, 153V - l loq 0.15
= 0153V - (-0.118)
= 0% Y
0.08A 3] .
(B E - 0153V~ T log oA subsihdug 30
= 0153V - 6.028Y (out]
= 0.135y

Exomple. :  Colodle e reduchom onbrvﬁ'ol of a 1\41‘1409.% eluchode  H'f Hy

in tohich [H¥]= LOHx 130‘3M and f Hy prewmre is 0.50 atm at 25°C
P =

2H' + 2 —= Hyigy  E°=0

o 0.0592
E=E - oL lo% W

_ 0.0592 0.5
OV~ === log 5oy
O~ (+0.69 V)

- O.bgV
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Example: Caleulote the reduc i Pok/r\'h'al of an electiode in which
[Mnog] = 0.00M

[MA2*] = 0.050 M

pH = 2.00 ot 25°C

Man-(o@ + ¥ H*(ag) + 5¢ — Mha*(a@w‘ 44,0 E° [BlV

o 0. 0542 CMr\‘“I
I
= S Pt T
_ 0.05% (6.050)

51V - l09™(0.200) ( 1028
= 151V - 0182V
=+ .33V - ' ,
nn- Starndand )
The above examplos were caleulations of the reduchon poketials of thalf calls
Coladation. of Epu. the pok/r\hal of o Comp(d’o_ voltac el uaLrg
non- Stndond  half cells. (remember cald Pob\halu will b+ for voliuc GMO '

There ane 2 ways . Method A+ Caleulaty each haff cll separately and
odd them togethen
Metlod B+ Calowlate the cell potndial dinecty

s s 4 Exa/mP(Q Colewdate The inchad Pobuhai ofa lvaric cell which conoiats of
K&Iﬁ‘ﬁk{ (% Cu_“/ Cu® elochode whoe [Cu®t]= msm ard [Cu*] = 0.0015 4
celd

andCu® [Cu elickode s [ou'] = 3[Cu]  [Curl- 0.3M
2= 0.1 M

0.2 Y G ores G
+0.125Y

CATHODE cofl (o E
ANODE cell (») E

"

the more poschive, call qoes oo Lullen. < it s veduchm ik s cokhode.
“the offer half call s omede '

Shorthand Pt/ Cud* (0am); Gt 0.3m ) I C*(s M), (' poosmy/Pt
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’
E
holf cll (@) catHope — Cu?t v e » G +0.231 V
holf Cell (b) ANODE Cut - Qe - 0.125y

CELL  Cu™+ Q' Cu™ G Egg= +O.H6V

Example :  Caleulate the iniial polertial of o el Hhat comawdts of :
prvmargandde Aolf cdl wloe [MnO¢]= 0.200M ,[M4]* 0.050M  pH=2
ard ;\?dw?.mdadudo. in which [HT = 1OXI03M and py = 050&7\7

Method A
we have obvody coludakd E, fe reduchm polontal, fneack of e

half calls
E

MOy  +SH' + Se = M+ “4H,0 .33V

AHY + Je—> Hy | 09 Y

the hodf el howvvq e mow Po&:'ﬁut rﬂ:Lucfzm POW £, Goes ao
wukton, =~ is te CATHODE swce reduckon s OC.CLUUW?

E
athode - (MO *+ SHY + Be — Mrd' + 4 K0O) +1.33V
anode S( Hy = 2H' + &) +0.163Y

cedl Q2 MaOy + JbH* ¢ SH = 2AME*t+10H' +« S UO
A
szt f;/m\cc\ cuX
! Fet = +133+(+0.169)
= t].,50V

Shathowd
Pt/ Wy (0.50 amd; HT (16 M) || MnOF (0.2M); H? (102M), Mt (0.0508) / Pt

Method B ¢ colawdate Ecall d«utﬁ'd‘&{ fom Nernst ecé;nhbr\.

0.059
Fat= Eon - — 7w IO% Q) atasec
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E—O
MOy + €H" + Se = Mn* + 41,0 1.5
IH" + 2e = H, 0.000
“ cothede 2 ( MnOy + TH + Se > MnP'+9ql,0)  +1.51 ffﬁ?‘x
amede. 5(  Hy> 2H" +2) 0.00 MO
cell A MnOf + loH™+ SHy = 2M&*s 0"  E, 1S
+ 8 H,0
Hu‘tlo
e go . Q092 [Me* L1
Q(»Q/Q, - el IO »Og EMth.Kl D;Iqlb(PHl )S'
Mo
- 1151 - S |, (0050)* (15°)°

l
K (0.2)*(15%)%(0.9)°
HIS) - OO8% g 200

= +1.51 = 0.0l
+ .50 Y

Relahonship of Efy o 26° and K

We @09'\13« Hhat it s mpcm"amt +o know .|f a reacheon is spmmcoud
or nol. There are e wo.azs o ALY The SPM«, O]Ca reac from,
(will o veoction go In Tfu?ﬁ;ww\d duactisn. or n The revesse dvectm 7)
For o veachn where ol aquenus speees awat 1 M, gasous spee lodn
(D te stondoud Cdbba ﬁ;m gy chomge , 4G’
£ 26° <0, e wactn’s spondoneous .
() the Hhoumo amac eguubibium constant K
i€ i‘f; |, the rackon is SFOWJfO/Mw
) the stundad polential of o cell , Egy
f B >0, He rdex rachon s spondamecns,



