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Elsctrochemistry , —— ﬂ

I Electrochemistry

Introduction » )
Batieries are everywhere in modem societies. They prowqfe_rha electric cumrent to start our autombiles ant
power a host of products such as pocket caculators, digital walches, heart pacemaker, radio, and Iz
recorders. ) y
Electrochemistry is the area of chemistry concerned with the interconversion of chemical and electrical
battery is a an electrochemical cell, a device for fnremanve'mng chemical and electrical energy. A batt
takes the energy relased by a spontaneous chemical reaction and uses it to produce electricily,

Electrochemical cell : |
Itis device for converting chemical energy in to electrical energy.

Electrochemical cell are of two types
I

. v

Galvanic cells or Voltaic cell Electrolytic cell.
e Aspontaneous chemical reaction ® An electric current drives a
generates an electric current. nonspontaneous reaction.

Q  The two types of cells are therefore reverse of each other

Construction/ Working principle i
When ever an metal strip is put in an electrolyte the process of oxidation and reduction takes plac

simultaneously within the system. Due to this there is 3 potential difference between the metal phase an
the liquid phase.

On joining the metal strips through a wire (of negligible resistence) the current flows as long as the potenti
difference exists between the metal phase and the liquid phase.

I Anode :
Some metals (which are reactive) are found to have tendency to go into the solution phase when these an

placed in contact with their ions or their salt solutions.
Forexample : Zn rod is placed in ZnSO,solution .

urface of
OO Zinc electrode

so N
888%5%3 |

80 5 él‘:z:::mes

How Zinc atoms become zine
lons al the eleclrode surface

Very soon a dynamic
equilibrium is created
and become a

cylinderical capacitor

e e e S e e e L

P s L o 2 o e

Figure : 1 Figure : 2 Figure : 3
The Zn atom or metal atoms will move in the solution to form Zn*2. After some time following equilibrium wil
be established. Zn(s) == Zn?* +2e- '

There will be accumulation of sufficient negative charge on the rod which will not allow extra zincions to move
in the solution. i.e. solution will be saturated with Zn*2 ions.

The positive charge will be more concentrated nearly the rod.

The extra positive charge of the solution will be more concentrated around the negatively charged rod. Ar
electrical double layer is developed in the system and hence a potential difference is created between the roc
and the solution which is known as electrode potential
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capacitor

Electrochemistry 4
This particy A rce of electrons.
. Oninoge’ﬁiﬂﬁfﬁg’,?‘jﬁ, ﬁakknov}m asanode: ) o Toact 52151?;:1 by Ezn(s)/20?* (aq)
® Itis of negative Polarity, € place, (reIe;nsTu.?1 :f.::zggggé potenﬁa| is repre
II Cathode ;
OOQE“ lon shed
OO itl:sazglirating water
o QO S
and become @ = .
eyl O nelurnfcoppﬂdf ’ ;"E Very soon @ dynamic
{§® OO of the electrode é 3 : equilibriUm is crealed
O §é§ and become 3

cylinderical

O Figure : 3

re:2 . . ,
S tendency i.e. when placed in contact with thej,

osite
Au elc.,) are found to have the opp the metal rod.
ion wi sited on
from the solution will get L Cu2++2e” = Cu(s).

Figure : 1

Some metals(Cu, Ag,
aqueous ions, the ions y : : ' . ‘
The following equilibrium will be established : ). Extra negative charge will surround this pos'ﬁvew

: ; itive charge

Il have deficiency of electron (positive ¢
csrggi:" rodaand form double layer. An electrical dc*uso
potential difference i created between the rod and the

' own as cathode. . 3
. ﬂtﬁt';!node reduction will take place.(gain of e will take place)

act as sink of electron.
: l;rgsiﬁve polarity will be developed. '
o Their electrode potential can be represented by : E , » e

i in the system and hey,
le layer is deveigped in tence.
b E;utign which is known as electrode potential, Tp;g

Hasa positivesign

|swhere oxidation occurs Iswhere reductionoccurs
Anode: | 1a<a negativesign

|s where electrons are produced Cathode : {ls where electronsare consumed

Construction of Cell :
e It has two half—cells each having a beaker containing a metal strip that dips in its aqueous solution.
e The metal strips are called electrodes and are connected by an conducting wire.
e Two solutions are connected by a salt bridge.
e The oxidation and reduction half reactions occur at a separate electrodes and electric current flows
through the wire.

Zinc (anode) Copper (cathode)

Zn(s) —» Zn"(aq) +2¢’ Cu"(aq) + 2¢'— Cu(s)

tlection of electrolyte for Salt Bridge :

] The electrolyte in salt bridge should be such that speed of it's cation equals speed of it's anion in
electrical field.

° For that charge and sign of the ions should be almost equal.
Transport number of cation = Transport number of anion

or

Mobility of cation = Mobility of anion
KClis generally preffered but KNO, or NH,NO, can also be used.

® |Corporate Office: CG Tower, A46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.
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Electrochemistry / ———_
0 IfAg*, Hg,%, Pb?*, TI* ions are presentin acell then = m—
AL IS d S then in : )
be formation of precipitate of AgCl, Hg,Cl,, PbCl, ors%'f;?"fge KClis not used because there can
migration of jons and its functioning willstop. at mouth of tube which will prevent the
Functions of Salt Bridge :
° Asalt bridge is a U-shaped inverted tube that contains a ge| R
. It connects the solution of two half cell to complete the circguit i
o It minimise the liquid junction potential. The potential difference betw juncti
; y S een the junction of two liquids.
° I: L::raeirr:ttams the electhical neutrality of the solution in order to give continious flow or generation of
"The simultaneous electrical neutrality of the anodic oxidation chamber and cathodic reduction
chamber is due to same mobility or velocity of K" and NO,™ fons taken into salt bridge.
° Ifthe salt bridge is removed then voltage drops to zero.
° The ions of the inert electrolyte do not react with other ion in the solution and the ions are not
oxidised or reduced at the electrodes.
° Generally tube is filled with a paste of agar-agar powder with @ natural electrolyte/generally not
common to anionic/cathodic compartment with porous plugs at each mouth of tube.
] It prevents mechanical mixing of two electrolytic solution.

Electrode Potential :

The driving force that pushes the negative charge electrons away from the anode and pulis them
towards the cathode is an electrical potential called electromotive force also known as cell
potential or the cell voltage. Its unit is volt

The potential difference devepoled between metal electrode and its ions in solution in known as
electrode potential.

Electrode potential depends upon :

o Concentration of the solution. o Nature of the metal. ;

o Nature of the electrolyte. o Pressure temperature conditions.

The potential difference developed between metal electrodes and the solution of its ions at 1 M
concentration at 1 bar pressure and 298 K is known as standard electrode potential.

r | il

Oxidation Potential (O.P.) : . Reduction Potential (R.P.)
e The electrode potential for o The electrode potential for

oxidation half reaction reduction half reaction -

e Tendency to get oxidised. e Tendency to get reduced.
e Greater the O.P. then greater e Greater the R.P. greater will

will be tendency to get oxidised. be tendency to get reduced.

Type of Electrode Electrode reaction in standard condition Representation

1. Metalelectrode Reduction : Zn?* + 2¢~ - Zn(s) E2i2120(5) { SRP)

(Zn electrode, Oxidation : Zn(s) - Zn?* +2e” Eweyzate (SOP)

Cu electrode etc.)
2 Hydrogen peroxide

electrode

3. Redox electrode

4, Metal Metal

saltinsoluable
electrode B

Reduction : 2+ 2H* + H,0, - 2H,0 Ef 0,110
0
Oxidation ; H,0, — O + 2H" +2€7 Et,0,/0,

-
EMno; IMn®*

Reduction : MnO,~ +8H" +5€” = Mn2* +4H,0

0
Reduction : AgCI(s) + & = Ag(s) + CI E pgcis) Agts)/CF

EU
Ag{s}iMCI{S}iCI'

Oxidation : Ag(s) +CI = AgCl(s) +e”
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Electrocher
e the p
Reference electrode 2 ined what wer de.
" etermine ectro re valued,
nba s rtodacannotbe: o g & rafBIeon giher oo g Potentiy, Ex4 W
t to which a e electrode. L | Sol. Tl
A

L The potentia| ofa in

two electrodes can be aen urately measq:ﬁie‘;: b
. An electrode s chosen as a reference wi dard referen )
] Standard Hydrogen Efectrage (SHE) Is taken as stan, in contact with Hz 935 and aque,,

arbitrarily assumed tg be 0,00 yoit ) consists of a platinum elecztrs“{%‘;
Standard Hydrogen Electrode (SHE) con M H* (aq), J Ex.2
H* ions at standard state congitions (ram ”=) -
2H* (ag, 1M) + 28~ _, H, (g, 1 a_"é, —ov
Ha(0, 1atm) — 21+ (aq, 1M) + 2¢ tion half cell and reductiq,

: idation
tions (oxi
, e two half cell reac T !

j oo diftrarica s e oy o f elzctrode potentiai of the twg | Sol.

Cell potential :

L] tial.
half cell) is known as emf of the cell or cell ::otg:e'd from the values of
The emf of the cell or cell potential ca”{'r :,r?nc:tﬁ:ee methode are in use “are taken into account :
aitics) cansrftunf-":g t;!':lcg:un'-::]:ef:nz reduction potential of cathode

poten

: J : : hade

° E"n:: O;f:'aﬂl:'g: potential of anode + reduction potential of cat
£
=E%,, (anode) +E reg(Cathode) . i
ccount :
i i des are taken into a
W eduction potential of both electro ] o e

s ucﬂonppotentr'al of cathode — Reduction potential ©

E°.,=Red, ]
5 i tential.
él“umm = E®, o¢e bOth are reduction po ——
© When oxidation potential of both electrodes are take?a, i
EZ,; = oxidation potential of anode — Oxidation potenti - "
i potential when both reactants and prod ut:t ns'] asolids ey
Concentration, gases ata potential pressure of 1 atm,
—

=E*,, (anode) —
s tential E° is the cell

L] The standard ce| po
standard states —solutes at 1 o
liquids in pure from, with ali at 3 specified temperature, usually 25 el

inlvi ; i i r, 1

. Ecey is intensive Property so on multlplylnngivfdmg cell reaction reaction by any numbe el

value would not change.

Free energy changes for cej reaction ; g chernical

gy change AG (a thermochemical quantity) and the cell potential E(an electro
g force of a chemical reaction.

L] The free ene
quantity) both measure the drivin 2
° The values of AG ang Eare directly Proportional and are related by the equation.
AG = —pFE :
where pn= Number of mojes of electron transfered in the reaction, r
F = Faraday constant = 96485 C/mole e~ ~ 96500 C/mole e
' Short Hand Notation for Galvanic Cells ; v
o We require two half celjs 1o produce an electrochemical cell, which can be represented by foliwing few rules;
ays written on the left followeq on the right by cathode half cell,

The anode half-cell is ay,
The separation of two phases (state of matter) is shown

esent in the same phase are g

by a vertical line.

Qo
The various materials pr hown together using commas.

o
o]

e} The salt bridge is repre
o]

direction of e- flow

Anode half -cell Cathode half -cell

Culs)| Cu*(ag, 1m) Il cifst am) CI(aq, M)} c(s)
el |

Phasg boundary Phase boundary

Salt bridge

AV escrance
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I

+2
Into an Sn*? solution and a silver cathode dipping into an

lifference betwe, Elsctrochemlstry
=n
ire valued, s 7 /
sctrode potentiag
al i Ex4  Write short hand notation for the following reaction, Sn?* (aq) + 2Ag” (aq) — Sn** (aq) + 2Ag
m wire anade dipping (=)-

The cell consists of 3 platinu

Sol.
Ag* solution therefare Pi(s) | S

.gasand aqu cous
Write the electrode reaction and th
positive terminal in eachcell 7
(a)Zn| Zn* || Br, Br, | Pt
(c) Pt| Hy, H*[| Cu™| CU
| sol. (a)Oxidation half cell reaction,
iecount: { reduction half cell reaction,
Net cell reaction
(b) Oxidation half reaction,
reduction half reaction,
Net cell reaction
(c) Oxidation half reaction,
reduction half reaction,
Net cell reaction
(d) Oxidation half reaction,
reduction half reaction,
Net cell reaction

Ex.2

and reducti on

ntiai of the twq

ire in their
solids and

n#*(aq) Sn** (2q) || Ag” (39 | Ag(s).

e net cell reaction for the following cells, Which electrode wo

(b) Gr Cr* || I~ 12| P
(d) Cd | Ca* || CF ,ACl 1 Ag

Zn —— Zn*+2e°
Br, + 2e” — 2Br
Zn+Br, —* Zn*"'* 2B8r
er—— crr +3e)x2
lht2e — 2] %3
20r#dly—7 2Cr* + 61~
Hy——> 2H* + 2e”
cuz+2e- — CU
H,* cuzr — Cu+2H*
Cai—— Cd* +2e”

[AgCl+e” — Ag+Crlx2
cd + 2AgCl — Cd2 + 2Ag + 2CF

uld be tne

(Positive terminal * cathode PY)

(Positive terminal : cathode Pt)

(Positive terminal : cathode Cu)

(Positive terminal - cathode Ag)

r, the EZn

hemical

At Anode
Hz(g) - 2H* + 2e~

e Oxidation potential O.P. = Eyy, (g)/H* (aa)

e under standard state

o Eu@mea = SOP

SOP=-SRP =

@ Tocalculate stand
(SHE)and it's potential ls measu

Calculation of electrode potential :

@ For SHE reference potential is taken
0 for SHE.

ard potential of any other
red that gives

r_'/,

o =
® Eyin@

Hydrogen Electrode

—

" At Cathode
oH* + 2~ == H,(Q)

Pt black
glactrode

to be zero atall temperature.

electrode acellis coupled Wi
the value of electrode potenti

s Reduction Potential (R.P.) EH' i m= RP
e under standard state. §
SRP

ith standard hydrogen electrode
al of that electrode.

324005

—_—
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Electrochemistry E[ic_{r_uffg
Ancde Zinc electrode
Cathode : SHE ——-"""::
Cell Zinc electrode || SHE Ey/ 2
Cell potential : i
Ecen = Ene 13000 = E%20zn sol.
=0.76 V (at 288 K experimentaly)
So, E9, 2, =-0.76 V (SRP) ——
ZnzZn™(agq) = 0.76 V(SOP)
°® So, w.r.t. H, , Zn has greater tendency
to get oxidised. ) Y
in similar manner reduction potentials |
(SRP) at 298 K for many other electrodes so!
are calculated and are arranged in a A galvanic cell measuring the
series increasing order known as electro Zn* |2n half-cell potential
chemical series. \
Electrochemical Series : . SRP (at 298 K) '
Electrode Reaction —3.05V
*Li Li* + e~ — Li(s) — 293V |
K Kt+e — K(s) b
B ,
c: Ca*2+ 2e- — Ca(s) -2.87 1!, \ :
Na Na* + e~ — Na(s) -2.71 o
Mg Mg*2 + 2e~ — Ma(s) -2.37 G
Al Al*2 + 3e- — Al -1.66
* Electrolytes (H,0)  H,O(l) + e~ — 3 H, + OH- —-0.828V
*Zn Zn*2+2e- — Zn(s) = 0-73\\’;
cr Cr3+ 3e~ — Cr(s) - 0-74 Vv
*Fe Fe?* + 2e~ —> Fe -04 v
cd. Cd*2 +2e~ — Cd(s) —0.40 ;
Co
Ni Ni*2 + 2e~ — Ni(s) -0.24V
Sn Sn*2 + 2e~ > Sn(s) -0.14V
Pb Pb*2 + 2e~ — Pb(s) -0.13V
“H, 2H*+2e~ — H,(g) 0.00V
Cu Cu?*+2e- — Cu(s) 0.34V
L
Fe Fe¥ + e~ - Fe?* 0.77V
Hg Hg,2* +2e" — Hg(l) 0.7V
Ag Agt+e- - Ag 0.80 V
Hg Hg?* — Hg(l) 085V
Br, Br, + 2e~— 2Br 1.06V
: Electrolytes -:-} 0, +2H* +2e~ —» H,0(¢) 1.23V
* Cr,0,2+ 14H* + 6~ — 2Cr*3+ 7H,0 1.33V
*  Cl,—Cl,+2e" - 2CF 1.36 V
4 MnO,~ + 8H* + 5e- —» Mn?* +4H,0 151V
& F,+2e~ —» 2F 287V

@ |Corporate Office: CG Tower, A48 & 52, IPIA, Near
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Electrochemistry
I =

|  Solved Sxampiles
x5~ Calculate E% Of (31299 K).
~” zn(s)/ZnSO4E ! CuSO.(@a)/Cu(E)
given that PSR Eqy(a)/ oufea) =~ 0-34V .
sol. Efen™ (S.R-P)eatnode ~ (S.R-P)anoce a
0,94 (2 08 = Aeb Y 3
Ex.4 ?i;\?\? thehceu Ag AgCI(s) | NaCl (0.05 M) 1| Ag NO4 (0.30) | Ag
2) Write half reaction occurring at the anode. ) Wirite half r )
(c) Write the net ionic equation of the reaction. ((d]] l:::ak;\.-.laltaf E?:::tn?.%fgfmng stthe cathade,
} (e) Does the cell reaction go spontaneous as written 7
(Given E° = +0.22 volt) :E; = 9"(‘] S - R
AgelCl . i I Ag*IAT =+ 0.80 volt) e Y
sol. (2 LHS electrode is anode and half reactionis oxidation.
Agt+Cr — AgCl(s) +& — ()
(b) RHS electrode is cathode and half reaction is reduction.
Agte — Aals) ()]
nd (ii) cell reaction is : CF (0.05 M) + Ag’ (0:30M) —— AgCK(s)
0.58 volt '
s written in the cell reaction.

on, is electrolysed

(c) From n_aguation (i)a
o =(0.80—0.22 volt =
es when current is

(d) E%wy = B~ = e

(e) Yes, the e.m.f. value is positive, the reacti

s solution containing Na* , Sn#t, CIF & SO

e and a platium cathode, What ©
a

Eﬂ!’h’\ﬂ =0.799 v,

on will be spontaneous &
it concen{rati

2 ions, all at un
lectrod

Ex.5 An agueou
between a silver anod hanges occeur atthe €
passed through the cell? Given :
EQ avjgn = — 014 V. £ or =138V, EL bomer
is reduced and cI- is oxidized (B) Agis
is reduced and Sn2* is oxidized (D) H* is reduce
either Ag can oxidised to Ag* or Sn#* to sn#+ or Ci-to Cl, of s0% to S0
4l values are _0.799V, 0.13V,—1 46V and -2 V. From these values, it
d first, followed by Ag at anode. At cathode, either Na* can get reduced to Na.
tential value for Na* is highly negative while for Snz*\ Snis —0AAV and fo

ction po
1
= 0'05910%3) is—0.413V. Thus Sn2* will

. =013V
oxidized and sn2*is reduced
d and Sn?*is oxidised
i Their respective
is evident that gntt
or Sn?* to S
rH

o
=2V, Egntrsn

(A) Sn?*
(c) Sn**
At anode
oxidation poenti

w:_::uld pe oxidise
or H* toH,. The redu

Sol.

get reduced at cathode followed by Hr

e _ 1."‘2 Hz (EH'le
electrode.

the help of given (bwo)
ns on reactions of the

~ (C)

nown electrode with
algebraic operalio

unk!
de with the help of some
s of AGP of st and 2

e algebaric operation

@ Calculation of Electrode potential of

e Obtain the reaction of the 3" electro
given electrodes.

e Then calculate AG of the 3" reaction

reactions.

o Use AG?=-T E%ec. O cal

intenéive_' property soifwe mul
E°=- 076V

with the help of som

n EP.
any number the S, vale would

culate unknow
ctrode reaction by

tiply."Devide ele

e EY S
not changed
Zn2t+2e7 Zn(s)

i.e.
g =- 0.76V (remain same)

WWW.GRADESETTER.COM


https://gradesetter.com/

WWW.GRADESETTER.COM

Etectroch ¥

e = |

Electrochemistry

_ Salued - -
Ex. 64 Given that Encu’w:fo, 337 V and E%,- = — 0.153 \/. Then calculate E® cu'icu — 'Hi{l
55;. (i) Cu?*+ 2e~ —» Cu AG,
(ii) Cu* — Cu?*+e- AG, =8
after adding Cu*+e~ —» Cu @ =¥ -
AG; + AG, = AG, &o - — 0 . me‘aj
SRR =~ FE3 aSu ey y
Ey=2E] + E2 |
=2x0.337—0.153 = 0.674 — 0.153 = D_EV/ ll
EXx, E%ntemno; = —1.81V E%Mno, /v =+ 1.23 V - .
E%no; 1Mno, = 7 (All in acidic medium) =
4 2
Sol. 4H,0 + Mn2* —» MnOj; + 8H* + be~ AG,
(i) « MnOj +8H*+5e~ - 4H,0+ Mn2* ~AG,
2e-+ MnO, + 4H* — Mn?*+ 2H,0 -3_\%
(i) « 2H,0 + Mn?* — MnO, +4H" + 2e b 5
(iii) < 4H* + MnOj; + 3e~ - MnO, + 2H,0 AG, i
(i) + (ii) = (iii)
AG, == AG, — AG,
—3E;F =5EYF +2EJF
Sy CL == 5.09
= 51 +265] _ [5(-1.51)+2(1.23)] _ I 7.553+ 2.46] _ + % _ 169V
3 3 Ex8
Nernst Equation : ) —
® Cell potentials depend on temperature and on the composition of the reaction mixtures. saL

® |t depends upon the concentration of the solute and the partial pressure of t_he gas, if any.
® The dependence upon the concentration can be derived from thermodynamics.
From thermodynamics

AG=AG*+RTInQ

—nFE=—nFE°"+2.303R Tlog Q

2 2
E=p - 228 50
Take T=298K, R=8.314 J/molK, F=96500C
: 0.059
Now we get, E=E°- n5 log Q

Where n = number of transfered electron , Q = reaction quotiént :

® Nernst equation can be used to calculate cell potentials for non standard conditions also.

@ Nernst equations can be applied to half cell reactions also.
Applications of Nerst equation

® Nernst Equation for Electrode Potential
M"*(aq) + ne- —= M(s)

RT M(s)
Egeqn = E24— prRL [M”*J

2.303RT M(s)
ERed"’ i Er?ad- nF I [Mm]

at 298K, ’

0.059 1
Egegn = Egaf" n log [T]

” Educating for better tomorrow
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Electrochemistry
@ Hydrogen Electrode
2H*(aq) * 28"

Hz(g) #
0.0591 [L"li]
Py,

ESEF——ns 2 log
etal soluble salt electrode.

e Metal-m
Zn2* + 28" —» Zn(s)
2.303RT 1
S log | Z+2 at 298K

Egedan = ERat
0.059
Eredn™ El4 —-—-E"'log [Zn+2]

_ electrode Hydrogen electrode.

2H*+ 26~ — Hy(9)

0.059, [PH2 }
o g9 [H+]2

» Gas

Egedn™ ERat

® RedoX electrode
4H,0 + Mn** — Mnoz +8H" ¥ 5e”
(MnOIHT®

. 0.059 I
5 og .[Mn+2]

——

(ution of acetic acid

Eox = Egx
h is prepared with the help of 24 SO

— — Solued Evamprles
rode at 298K whic
e Ka=18X% 10-5.

p. of hydrogen elect

Ex.8 Calculate R.
with 0.1 M conc at 1 atm pressu
Sol. [H']= JKaxc = 1'8,‘10—5;10—1 = m
oH* +2e” —> H,
0.059 PH

B Bl 3 O (E%en=0)

0.059 1 0.059
B [1.8x10"5] = -——5—[6-log (1.8)]
Egedn = #p_._gggx 5.74 = -0.169 V

Ex.9 Which is stronger oxidizing agent

(i) K,Cr207 in solution in which [Cr,0;,#1=0.1 M, [Cr**]= 10-2Mand (H*] = 101 M
(ii) KMnOy4 in a solution in which [MnO4] = 10-"M, [Mn2*] = 1072M, (H*=102M

Eu(:r,O,";’Cr*a =133V E%Mn0; iMn*? = 151V
(i) 14H* + Cr,0* = oCr3 + TH,0 + 6€”

—4
0.059 107" x10| _ 0.059
Eged = 1.33- -—E—-Iog [—-16:17;" =433~ 5 % 11

0649 _ 4 330-0.108 = 1222V

= 4,33~

Egedn
- an* + 4H20

(i) e~ + 8H" * MnO;
1072 p——
log | 7716 10~ =1.51-—U.059x3=1.51-0.18-—1.33

0.059
106 x107"

=1.51 "G
good oxidising agent

ER ed:"l
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- Electrochemis

== Elsclrochem. ___,J
STy o byac

@ Nernst Equation for cell Potential : 0 Let
¢ s
aA + bB S==CC+dD a

. W
-
Enui.r = Egoa"_ _R‘_Iﬂq g 1 - W 1]
5l ing cell reaction- c
N —no. of electrons which gets cancelled out while making
Equilibrium in electrochemical cell S
AG°=—pF s, i \a
AG =-nF E_, gxA2 Caley
From thermo dynamics ! zn(s) |
AG = AGY + RTenQ sol Cellre
at chemical equilibrium AG = 0 ot
Ecep=0 — cell will be of no use
50, AG?=—RT¢n Koq We k

at equilibrium — nF EZ,, =—2.303 RT log (Keq)

nF
log Keq = 2303RT Ele
at298 Kand R = 8.314 J/mol K

ar

Concentr;

EZ e Ac

log Keq = oen <25

555
—_— Solved Erxamples \ .E

I
Cl2(g) [CI"(aq)| [cr,02, cr*3 (jn H,SO, ) = 0.05M \
Ex.10 Calculate E_,, of PY(s) /ﬂ.:at /1 b 0021 7 0(1 2

- a
given that ECf:O:f'rCr'

E°CI-|Cl,=-1.36 V

Sol. e+ 14H*+ Cr,0,%2-— 2Cr*3 + 7H,0
- [2CF - Cl,+2e]x3

, =133V

14H*+6CF+Cr,0,* 5 3CL,+2Cr3+7H,0 = g0 =133 (+1.36) =—0.03

cell

0.059 e’ Pre, 1 0.059x23
E. =-003- lo - = —-0.03 - ——=—
cell B8, "9 [H*“j“[cr]s[Crzog | 6

. E
Ey==026V

Ex.11 The E°,, for the reaction Fe + Zn? = Zn + Fe*, is - 0.32 volt at 25°C. What will be the equilibrium
concentration of Fe, when a piece of iron is placed ina 1 M Zn?** solution ?
Sol.  We have the Nernst equation at equilibrium at 25°C
0.0591
E°=
n

Since E “cer for the given reaction is negative, therefore, the reverse reaction is feasible for which E“m\nﬂ\\ be
+0.32 V, Thus for Zn + Fe* s==Fe+Zn* E° +032V

log K - (i)

0.0591  [Zn*] 0.0591 1 '

Now, E° = ——log e © 0.32 = > log Fe?'] \

log [Fe*] =~ 10.829 Taking antilog, \
[Fe*]=1.483 x 10-" M

better tomorrow ClQ
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Electrochemistry -
Work done by a cell :
(0] Let'n' faraday charge be taken out of a cell o
fEMF ' -
as: work = Charge x Potential = nFE F'E then work done by the ceil will
(i) Work done by cell = Decrease In free energy SR
so — AG = nFE
| or W, =+ nFE® where E° is standard EMF of the cey
{ Ex.12 Calculate the maximum work that can be obtained from the Daniell cell given below -
Zn(s) | Zn** (aq) || Cu?* (aq) | Cu (s). Given that E%; v 7, =—0.76Vand E°ca o =+ 034V,
. ; utr Gy~ . .
Sol.  Cellreactionis : Zn(s) + Cu* (aq) —» Cu(s) + Zn* (aq) Heren=2
B = E s B, (Onthe basls of reduction potenital)

=+0,34~-(0.76)=1.10V
We know that: W, =AG®=—nFE®
=~ (2 mol) % (96500 C mol) x (1.10 V) =—212300 C.V, =-212300 J

or W, =—212300J

Concentration cells :
e Aconcentration cell consists of two electrodes of the same material, each electrode dippingina solution of

its own ions and the solution being at different concentrations.

;;he ;V\\Q;CE:JOII;J\‘E?”S are separated by a salt bridge.
g* (a,) [|Ag* (2,) [Ag(s) (2, <a,) a,, 3, are concentrations of each half cell

Ag (s) — Ag*(a,) + e~
Ag*(a,) + &= —— Ag(s)
Ag* (az) —_— Ag+ (31)

At LHS electrode Anode :
At RHS electrode Cathode :
The net cell reaction is :
for concentration cells EZ,, = 0.
The nernst eq. is
0.059 a
s B (Here n=1, Temp, 298 K)

Eer=— 5
e Likewise, the e.m.f. of the cell consisting of two hydrogen electrodes operating at different pressure P

and P, (P, > P, ) and dipping into a solution HCl is :
0.059 P
1= —5— log 5,  (at298K)
Electrolysis & Electrolytic cell :

Electrolysis :
L Elt?cf_rolyfe 1:3 a combination of cations and anions which in fused state can conduct electricity
This is possible dqe to the movement of ions from which it is made of and electrolyte .
The process of using an electric current to bring about chemical change is called e'.éctto\ysis

L

®

® Electrolysis is a process of oxidation and readuction due to current in the electrolyte.
L The product obtained during electrolysis depends on following factors.

Q The nature of the electrolyte

O The concentration of electrolyte
O The charge density flowing during electrolysis.

O The nature of the electrode

that are active because the metals themselves are components of the half

Active vs Inactive electrodes :

o The electrodes in the cell
reactions.
@ As the cell operates, the mass of the zinc electrode gradually decreases, and the {Zn?*) in the
anode half — cell increases. At the same time, the mass of the copper electrode increases and the
we say that the Cu?* .plates out" on the electrode.

ar Road, Kota (Ral.)-324005
MAINECH - 11

[Cu?*] in the cathode half - cell decreases;
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Elsctrochemistry
e no reactan te O
L] For many redox reactions, however, there are ds of graphi actions:
Inactive electrodes are used, most cﬂmmanl?;r:ﬂn in the half -T€ cies cannot actas electiodes;
electrons into or out of the cell but cannot ta instance, thé spe .
« In a voltaic cell based on the following half reactions, for duction] Anoc
- s re o i
2I-(ag) — I,(s) +2e-[anode ; oxidation] H,0(0) [cathode : * olyte solution that containg
Ss +8H* (aq) + 5e- Mn2*(aq) +4‘ 2 edinan electrt sidized to solid 1,. The
MnO, (aq,:f ’ (aq ! f inactive electrodes |mmerrs ell, |- ions are o cathode. From there elec
Therefore, gacf] ha —cell consists of in tion. In the anode _haI -C - i.nto the graphite
all the species involved in that half -reac dé through the wire, and In’c o, - Agt
electrons released flow into the graphite ano 'they are reduced to Mn N &a
Arx

the electrons are consumed by MnO,- ions as

Examples of Electrolysis
Using inert (pt/graphite) electrodes.
! i E0 = 0.126V

F

L]
d) : Pb2* + 2e~ — Pb(s)
f::::r'l:a =) 28r — Bry+2e’E°=-1.08V
E.,=—0.126 - (0.108) x 10 =—1.206 V
E..> 1.206 V i
L4 Electrolysis of CuSO, molten
Cathode : Cu2*t+2e- 5 Cu E0=+0.34 V
Anode : 2503 —» S,0% +2e"E?=-205V
H,S,0,; — marchall's acid (peroxy disulphuric acid).
E‘:E‘,i 0.34—(2.05) =—1.71 V (negative ... not feasible)
(o] 4 i
H-0-8-0-0-$-0-H
i i
O (e}
& Electrolysis of aq CuSO,
Cathode : Cu?*+2e~ — Cu(s) E9=034V
2e +2H,0(£) — Hy(g) + 20H~(aq) E% = -0.83V
Anode : 2805 —» S,05 +2e E=_205V
2H,0(8) - O, +4H* + 4e- E0=-123V
e Electrolysis of aq NaBr solution (initially PH = 7)
Cathode : Na*(aq) + e~ — Na(s) E0==-2V
2e~+2H,0(¢) — H, + 20H- E®=-083V
Anode : 2Br — Br, + 2e- Edx =—1.08V
2H,0 (£) - O, + 4H* + 4e- EQx=-1.23V
L] Electrolysis of aq NaCl
Cathode : Na*+e- - Na E0=-2V X
2e~+2H,0(¢) - H,(g) + 20H E9=-0.83V
Anode : 2CF - Cl, + 2e- Edx=-1.30V

2H,0(£) - O, + 4H* + 4e- Eox =-1.23V
Rate of production of Cl, is more than rate of production of 0, gas.
should take place on anode but experimentally

Note : According to thermodynamics, oxidation of H,0 to produce O,
water is found to be very slow. To increase it's

(experiment from chemical kinetics) the rate of oxidation of
ra'te, the greater potential difference is applied called over voltage or over potential but because of this
oxidation of CF-ions also become feasible and this takes place on anode.
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Electrolysls using attac
L] Electrolysis of ag cuS0Os using Cu electrode.
Camode{reducunn) . Cutrr2e — cu _
2H,0(0) + 2™ Hy(g) + 20H" E‘: b :éigi; \\;r
Anode (oxidation) * s0F = S2 o +2e co =-205V
2H,0(¢) —~> 02+4H'+4e- E0= 123V
cu(s) - Cu?*+2e— E0 =034V
electralytic refining
o .AgNO,(aq) using, CU cathode & Ag anode.
cathode * Agrre Agls) g0 =08V
2H,O (D) +28" Hy(a)* 20H-E° =~ p.083V
Anode : NOy X (No reaction)
2H,0(6) = 0, +4H" +4€” go=-123VY
Ag(s) = Ag*(aq) & go=-080Y
Faraday's Law of Electrolysis :
o fftLaw: The mass depositedfreleased!produced of any substance during electrolysisis proporﬂona\ to
the amount of charge passed into the electrolyte.
WaeQ
w=ZQ
Z= electrochemical equivalent of the substance:
x mass
Unitof Z= —iomb =
Coulomb Kg/C or g/lC
2 = Mass deposited when 1 G of charge s passsed into the solution.
substance produced when 4 moleofe~are passed \hrough the solution

Equivalent mass (E) : mass of any
during electrolysis.

Molar mass
1 oxidation reduction

E= poofe involved |

e.g.
M
Ag*+e——+Ag E% 7
=%
3

Al3* +3e” — Al(s)
f charge.

1 mole ofe =

.- 96500C—C

[,E__] -

1C— 96500 ° = 36500
Q

— 1 Faraday ©
site E gram metal charge

Molar mass
) X 96500

SES

Cuzt+2¢e — Cu(s)

EQ
w= —_— = e
96500 (no.of € involved
. ) ixt Molar mass

I il = 'f at Q=i W = ggg00 . (no.of & involved)

o 2vlaw: When equal charge is passed through 2 electrolytic cells and these cells are connected in
series then mass deposited at electrode will beinthe ratio of their e\ectrochemica\ equivalents of inthe
ratio of their equivalent masses.

W, 2 =
e L. ‘E'”(Q=sarne)

W =ZQ = 56500
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