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Electrochemistry e @

Year | Topic Numbe
r of
questio

2025 | Galvanic cell statement type, electronic conductance statement type, Faraday’s law - 03 | ns

2024 | Faraday's first law — 02, Debye Onsager equation (/] 03 \\

2023 | pH calculations, product of electrolysis — Brigg__g,,ql\tgifclrl/, Nernst equation, 7 03 /

2022 | Gibbs free energy and spontaneity, Molar conductance. (02), Catalyst used in Fuel cell, Nernst ,’ (64 /‘ [

. N N ' \\\_/ }
equation / [

2021 | Nernst equation, cell constant, equilibrium constant z< 03 /

2020 | Debye Onsager equation, Equilibrium constant, Product of electrolysis — NaF | o4 /O

2019 | Displacement reaction, Emf calculations, Product of electrolysis, Faradays first law of electrolysis / 04 (

2018 | Molar conductance/specific conductance, Conductor/Non conductor / 03 \1

{
2017 | Product of electrolysis of Aq NaCl |\ 01 \
2016 | Galvanic cell - Oxidation/reduction Vs anode/cathode, secondary cell, Faraday's law of electrolysis \ 03 j
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Match List-1 with List-11

List-1 (Types of redox reactions) List-1I (Examples)

a. Combination reaction f‘i,o i. Cl,,+2Br_ —2Cl_ +Br,

K S i

.. . ( Wi, i Uv
b. Decomposition reaction . 2H,0, ., —2H,0,+0,

N__—

c. Displacement reaction f 1i. CH +20 ——‘—)CO '+2H,O”l

d. Disproportionation reaction ﬁ 1\<H// _._,2”

Choose the correct answer from the options given below.
(1) a-1v, b-i11, c-1, d-11 (2) a-i1, b-1, c-1v, d-111 %—iii. b-iv, c-1, d-11  (4) a-ii1, b-11, c-1, d-1v

the reaction between hydrogen sulphide and acidified permanganate solution,

—

H,S is reduced to S, Mn0; is oxidised to Mn™ p/[,,\{)17 T Hy%
) H5S is oxidised to SO;, MnO;, 1s reduced to Mn0O,

is reduced to SO,, MnO; is oxidised to an’@
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The correct statemént/s about Galvanic cell 1s/are

(a) Current flows from cathode to anode

(b) Anode 1s positive terminal

(c) If E_, <0, then it is spontng

(d) Cathode 1s positive terminal

(I)aand b only (2)a, bandc Qfﬁ and d only (4) b only

The electronic conductance depends on

(1) Nature of electrolyte addcwn'fﬁ Juctan®@ (2) The number of valence electrons per atom
(3) Concentration of the clcctrolyteﬁ < (4) Size of the ions
Ans. 2




51. For a given halfccll. 3e — Al |on increasing of aluminium 1on, the electrode potential will
- O T e I ——

(1) Decrease (2) No change (3) First increase then decrease (4) Increase

Ans. 4 3

T =
g M\ET]

— log LAL

Solution : Al +3¢ — Al(s)

4 . 0.0591. [Al(s)

ERLJ - Ekcd o 3 log 7 '

(v CUN T
0.0591

—_—
—

log =———=[Since active mass of solid =1]

[Al" ]

5 0.0591 ' Vo
Epea =Epaa + 2 [“\l ] /

log

. . 3+ ‘ - 34
S0 E, , « [Al ] « conc” of Al



Match the following select the correct option for the quantity of electricity, in Cmol™ required to

deposit various metals at cathode

. Ag' (F 386000Cmol
.m =

A 96500Cmol

o ] S

(1) a—ii,b—-i,c—iv,d —iii , —mb iv,c—ii,d—1i
(3) a—iv,b—iii,c—i,d-ii (4) a—l,b—ll,C—lll,d—lV
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Daniell cell , 0" 80

e
‘ Current

Zinc

| | 9 salt bridge

N0

Solution containing
salt of Zinc

Solution containing
salt of Copper
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» This cell converts the chemical energy
liberated during the redox reaction to
electrical energy and has an electrical
potential equalto 1.1 V.

» when concentration of Zn?*and Cu?*ions is
unity.Such a deviced lvanic or a
voltaic cell L—
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10de
+ve

Vhen E_ > 1.1 V
(i) Electrons flow
from Cu to Zn
e z-md current flows
ve T from Zn to Cu.
Zinc is deposited
at the zinc
electrode and
copper dissolves at
copper electrode.

anode

1

salt
bridge

ZnS0O,

When E., < 1.1 V
(i) Electrons flow [rom Zn rod to
Cu rod hence current [lows
[rom Cu lo Zn.
(ii) Zn dissolves al anode and
copper deposils al calhode.

ZnS0O,

E,

>3

When E.. = 1.1V
(i) No flow of
electrons or
current
(ii) No chemical
CuSO, reaction.




ot

—
=tz

/

\/\7)&(70\1\(

; LA
—T1 {2z OD{ZFQ‘};I\O() 3 I: ": = =
=

—

|

C [ehlm cal neu—MM Ii-bﬂ

faner [Nt
Connector. \)“ 2(,\0\0

>

RHS LS

o

€ME —> |__

(‘Th;\oou W\Ocﬂ |

cil ceil

- L = L —00541 /aa | anods l@ﬂj

L(q-ﬂ?\oou;o




/\\/ &)
<0 e IJJAfﬂ \Uf() > ( Attrod € -
~ /0)“ \ \)3(6 \\/ A8 ¢
X
N\?t\eﬁo sz\ecw\u\

- = s Marnmum
M

pohen catfoaiofl




Ke

\)Cvj\'

- oot ionN AN
| 04% 73)\80 .P‘@4\G
Y T O 2<% ¢
‘?ﬂ —-\-—9\6 — (6) \_/7
'%\‘/(}E——E _0050,1 \Oa [Zn'](@ ED— \—:0—0056“\0 Lppolucianq
A = F, 3 3 | ] ®p et T/ dant
RP [ =n’) [ owidant)
\’:7;:_ E@M—o 054 [, |
C
P =N j},’\&'f' [:’ 71?O~ 0-059] (O ?(\&T
O &,
@m’da{’iofl r " - 3 Bl -
) O
j\7n~>;?o&++9\e6 7\ " Sop” 0051] [ 5oy Oidewnt"
y Dot jor n vCT9
?rjuc{mnt (\\, oridan E Perern 4 y Reductpn”
4 J
e@?[lona)’ e/@a(CofD{O 1%
R Y
0. A




-7 K 0h Aikd (ONE
al 107 A :
¢ _ g 2 A 3*&-5%(\1’\’\‘\08 Ke -
OV caxodt el
[y = HVE
Q})on)canew/\é — anadl‘\:o (cr\-%od,z — e@movemf‘ﬁ'\/_
| [f ;b(ymm)[ %wl\bh\uﬂ)
q?bb = 6"7&4 e Nend cod
O | )?[ | £°2 = 09034] |paK
i = ¢ )
A= B N noofy mdle co) € b ——— e
q F - invlved i0 ped ot heaction aA+bRB = cC er D
qb,%OO( *L:O_ Eo __t:o
L\q =-Y€ —> fmana yedOX " “RHe  LHC b o L("_][@
veactions Lobe 6 Shontaneons t(rﬂz\od}’_ l:anod/\ L‘QLB}




é le&+%01t</]‘l: fc cell

D ————mmmmmd

[ =11
Rf@k

Ka Pl)ﬂt———DéJ%ci hic Co NAVCEAN T -

Trondvctiv: E@

Mplan condvcean L

/\

— mooxk_

M

RXA

L
H:;X

R

K=l  c°
=3

K- 667

unvt for K

-] =l

ohm ot
805‘//




e
0<:f/\mﬁ U—}—ﬂ’: 7 ol
Pl ‘
K = co?
& —y @——l(}a[}—)ﬂ
07)
PH‘ lOcJ

ffawmdmg'é f\‘m% Jand @

WO(’@Z . Q _ L
ot T (- AS
=R T

aivalenT

=P lect+ho cherni ral €4
— amomt—ob—

Cubs] ance d{[apsﬂ’éq

when {l_am,‘ﬂ/ch conYent T ’\70\550(){
fov /| Second.

(¢ l‘a N

ol = gﬂuiva'orﬁ_ Ne'ﬁ"\l—; ,57[\\ .
500 -

i a Al

({Zyaﬂfq/@m{ _ Atormnfec mas =80 5

dmya B 7o)




7
(ws9, 3 cu BRI -
Yl cubrons
_logﬂng%' CV&D > (W > (up
3¢ 2 39
i ) b
bo Wt 9}7 (u = bi Cu
= 314

607&0(«9}‘6 Secondk |aw fo\mé\
H —
W) = ) &

o By

(nS0u,
3-'ZASOL)




Strongel Falg) + 2 ¢ 2 F (ag) 2.87 Weaker
oxidizing H.Ox(ag) + 2H*(ag) + 2 ¢ 2 H,O() 1.78 reducing
agent MnO; (ag) + 8 H*(aq) + 5¢ : f\ln:’(uq) + 4 H-O) 1.51 agent |

Cliig) + 2¢™ > 2 Cl(ag) 1.36 )Ca{

Cr,O,(aq) + 14 H*(ag) + 6 ¢ —> 2 Cr'**(aq) + 7 HyO() 1.33 Q ( u\’)

O,(g) + 4 H*(aq) + 4 ¢ 2 H,O(l) 1.23 Z

Bry(/) + 2 ¢ 2 Br(ag) 1.09

Agtlag) + ¢ - Ag(s) 0.80 k

Fe**(aq) ; —>» Fe**(aq) 0.77 0

Oq(g) + : + - . H,0O,(aqg) 0.70

I:(s) + » » 2 I7(aq) 0.54

Oy(g) + , 4c¢ 4 OH (aq) 0.40

Cu®*(aq) + ' Cu(s) 0.34

Sn**(ag) + 2 ¢ » Sn**(aq) 0.15

=~

2 H*(aq) + 2 ¢~ H.(2) 0
0['[13’(‘1‘1) + 207 » Pb(s) 0.13
Ni‘*(ag) + 2 ¢ » Ni(s) P /Af’ 0.26
Cd**(aq) + 2 ¢ —> Cd(s) ' 4).40
Fe**(ag) + 2 ¢ > Fe(s) a} 0.45
Zn“*(ag) + 2 ¢ > Z(S) 0 0.76
2 HO() + 2¢ » Ha(g) + 2 OH (ag) @P 0.83
Al**(ag) + 3 e » Al(s) 1.66
Whaiilca .-\1;;"’((“[) + 2¢" —>» Mg(s) -2.37
oxidizing Na*(aq) + e > Na(s) -2.71

agent Li*(aq) + ¢ ——>» Li(s) 3.04




Representation of Electrochemical Cell

An electrochemical cell is represented in a manner as illustrated below for the
Daniell cell.

Phase Boundaries

& l

2+
Zng | Zn

I Cu%* ! Cug E=H11V

"

Salt Bridge Cell Voltage

(aq) (aq)

» By convention, the electrode on which oxidation takes place is written on
the left hand side.

» The other electrode on which reduction takes place is written on the right
hand side.
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Debye Huckel has given the following equation to co-relate the molar conductance at any
concentration and molar conductance at infinite dilution. A

el =g

P
A\/% “+ locT
0\ o\

74 \ =
AL, = AT — AVC — e || B ) "
. .. . el
Here, A%, = Molar conductivity at concentration c. Al eak €€ coH
Utz

A7 or AL, = Molar conductivity at infinite dilution =
: \
O Molar concentration of the electrolyte.

= Constant depending upon the nature of solvent and temperature.

A/‘\/'\/\/v\/\/\




o CH,COOH

N .

Figure 3.17 variation of A with
\/E for weak electrolyte
(CH,COOH)




oo -l 2 | o) PN
KTt = a” NAT S0, ()

» For a particular solvent at a given temperature, the value of A depends upon
nature of the electrolyte i.e. charges on the cation and anion produced on the
=l — —————
dissociation of the electrolyte.
» For example, KCIl, CaCl, and Na,SO, are known as 1-1, gi and 1-2 electrolytes
respectively. e
» All the electrolytes of the same type (e.g. NaCl, KCI, KNO,) have the same value of

These are 1-1 electrolytes.
> A graph between A_ and v/C for a strong electrolyte (KCI) has been shown in the

Fig. 3.16.
» By extrapolation, the limiting molar conductanc@can be obtained.




H,O

NaCl (ag) —*—— Na’ (aq) + Cl taq)

Cathode: H,O(l) +e —» % ,(g) + OH (ag)

Anode: Cl (aq) » %g) + e
Net reaction:

NaCl(aqg) + H,O(l) - Na'(aq) + OH (aq) + “2H,(g) + 2Cl,(g)

The standard electrode potentials are replaced by electrode potentials
given by Nernst equation (Eq. 2.8) to take into account the concentration
effects. During the electrolysis of sulphuric acid, the following processes
are possible at the ¢

(2.38)

(2.39)

For dilute sulphuricacid, reaction (2.38) is preferred but at higher
concentrations of H,SO,, reaction (2.39) is preferred.
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 queston o

Zn — In*t + 2e:E ,\/Q@ Ee —iFes” + 2eiE /@\V The e.m.f. for the

cell reaction Fe2* + Zn — Zn2* + Fe is

9 O _ o

B =
° -0.35 V/< sz E(OH’F\OW anod
5 +0.35V :
=z = 055\
4
e +1.17V .

117V X



For a cell the reaction is Mg + Cu(aq) — Cugy + Mg(aq) [f the standard reduction
potentials of Mg and Cu are 2.\37 Vand 0.34V respectively, the EMF of the cell is

anoou Afhooty 5
— o 5\:] )
B s o 2y
W | catfodt [mmoo(ﬁ e,@ao
\\/‘2’;(\5 fb E%alue fs > onod. ¢
= 03— (-83%) SR PR ot o
}[7 E valye 6 +ve oY
- > (athodAa
7 0‘3)’[7“ &31 NMloyée tVve CC a(@h-tgbf\

\/o.fr |



padisstcn ®

Which is the correct representation for Nernst equation ?

—n +9~69’_">7n/ vadU6\:l0q

0.059 oxidant
log [ ] E : LZ — o v5ap =n] — hedctant
n |[reductant] n J E:an_—a_/?()l\dw\k’
0.0591 |loxidant] @—>2n -1—'9.26 — owidationN
n_ o |[reductant]

'O = O60H \ora I—,?r\rg - onidant

0 d 0 Al
0.059 log [reductant] l I [2@ — Redvctont
n |loxidant]
0.59 |[reductant]

n 108 |loxidant]




For the reaction 2A 5 + B(aq) — 27" oo +\B<S), Nernst equation for the EMF of the

cell is \&
510‘% P - g3y L 005
T = o€ F~ o — .
AP 7o 00C 0 (s
N 7 = Ab) | e ,;Z_\_ju- g AN
‘ sl 2t
:A+]:2 0 — EB/'j
2F " B [ oE ART o £
(,()3 L(}\}* 02\-; ~ ‘?57/
[A+]2 \/R
=E°——1In 7<
\/[B2+]
A+]2
In 'BZ+]




Which reaction is not feasible?

&
O
= = . o)
o 2[g+ Br, — 2KBr + 1, i g\\O\Q

_—

N
Craty & \\OX ng@
2KBr + 1, —» 2KI + Br, A @

© S = "C/)

e 2KBr+C12—>2_ISQ+Br2/ La L /
&

Q 2H,0 + 2 F, — 4HF + 0,




The value of AG(k] mol™1) for the cell having Ecy = 0.059 s
(take 1F = 96500 C mol~1)

O e
AQ = — e A
CU‘ -faQ@ - CO(

A(,lo: — Ax0- s X AL, OO (
= MLo Y @ ‘r\\qd\(ﬁ—\/l‘oo

o

Dy = — &Xo.oéxé\b/QOD)

T N

= gxﬁé,,SO@'
Lo

M “-llkoo]  =—lH

|00




The equilibrium constant (K) for the reaction Cu) + 2Ag,) — Cu(aq) + 2Ags) will
be [Given Ecell = 0.46 |

| [,;w_,o-ub\/ IZ:W: 0054\ lOﬂKQ
%(c = Antilog 15.6 e -

G
el
e Kc = Antilog 2.5 0-11(,-:0‘(750’ lqu(,
15- 3= 109K k— &\
O
K- = Antilog 1. ARt
O c-miosis |y | [
('753) - = lO/J C
Q K¢ = Antilog 12.2 ) 0'09/1 \"/)Q
08 ) -:,9\ A
006 \ w\y@\




Specific conductance of 0.1 M nitric acid is 6.3 X 10”?0ohm~! cm™?. The molar
conductance of the solution is

g 630o0hm=1 cm2 mol-1 P = \oozx K. A

e Asohm cm” ol A= 1000X 6 35 1D

e 6.3000hm™" cm” mol™* > i
:X D D

Q 63.00hm~"! cm? mol™* = ¢ SXIF\XI\D"T\
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Molar ionic conductivities of a|bivalent electrolyte are 57 and 73 l-The molar
conductivity of the solution will be

@/130 S cm? mol™1 /\m - 1>\<9v't T O\&_

o

/\m: 5F =3 — 13 O é/mg\moﬂ




How many coulombs are required for the reduction of 1 mol of Cu?* to Cu ?

i -
Cu -+ 20

Q 1.63 X 105C AF

9/1 93 x 105
Q 212 x 105C 7<

> LU
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The value of currentis

At STP 1.12 litre of H, is obtained on flowing a current for 965 seconds in a solution.

Molah yolume — |nole = aa- Ui
L L e A

C T

W:’ZX,J

AL — &?f (Ha)

W9+Jj——%H'
VIN - . r
= 4_ QA\’V\}
B =1
> I'xqbs5

1,500

R ols

NL_\_ » O N T
H4+Z.00
0= T
IOO‘A




At STP 1.12 litre of H; is obtained on flowing a current for 965 seconds in a solution.
The value of current is

Molan yolume — Lmole = 3a- UL
-t Eaqwroy
Hao\hoﬁeﬂ

aa-m.——va?r (HQ =

a—— )

, H 1

Mg [ e S

NL: = (G z/ ol= | @K%& H—H 1
=

N8 00 87)

|0 O
+ = oA
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The resistance of 0.1 M weak acid HA in a conduct1v1ty cell is 2 x 103 Ohm.
The cell constant of the cell is 0.78 cm~! and Q “of acid HA is 390 S cm? mol-1.
The pH of the solution i 1s

’O o R—-' o‘Z;([D ohm K = \—{Lié_ PH_— - 104 EH"‘B
' A 1 - p-z2 ) = cot
7 = 1 X0 FLR Eipitie
_ CS?X\O?> C
‘ B 4.2 /\60 - éqo gcmamOJ‘ ‘/OQT— ,{_\_PQ—-—-
) N
o 35 i
",c - ph = 9 k=1 Mx\ow;\\ \oocx K
/ (//..0‘ /\N\’} 3.01%#@&”\0’
" 3 000X ™ oL = N\ /
%
SpEL ﬁ

=fopo x 9 39XI0" ®\ = 29 -

o | 3970 (M}\”)\X\D
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H = 5 Y\' OO
F c?‘bt
T ) =10 -
PH':_ 4
— < Ws0, ——S&H’%SO
(,|o3 “eZX\OS
=
P ::—-]\‘V]LHﬁ @
P~ —log E&A\ﬁa HSPDu\—‘UH@*POH
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B:Ag* © (0.1 M)/Ag(s) ;
C:Ag* o (0.01 M)/Ag(s) ;
D : Ag* (0.001 M)/Ag(s) ; Eng: /ag = +0.80V e WL

Then reduction yotential in volts of the electrodes in the order.

Considerv\the following 4 electrodes A ﬂ++ & > Afj
A:Ag* Y (0.0001 M)/Ag(s) ; e E’Om" 9059 09[4

S =F 40057 jo4 L?‘\ﬁ]

o B
(éB>C>D>A :B’ (?><D>A>B
g g
s C A>D>/>§B |D’ A;\B>C>D
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Consider the following electrodes @»r 9e& ——=2n

P =Zn** (0.0001 M)/Zn, Q = Zn** (0.1 M)/Zn _

R =Zn?** (0.01 M)/Zn, S = Zn?* (0.001 M)/Zn

EW electrode potentials of the above electrodes in volts
are in the order

=

(A) P>S>R>0Q
"
1 B S>R>Q>P
"
' Q>R>S>P

-

(D) P>Q>R>S






