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Electrochemistry

T e = (/- /’W

(Y

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 — Bfifng/gcn\ut/i% Nernst equation, 4 03 . /

2022 | Gibbs free energy and sportaneity, Molar conductance. (02), Catalyst\u/s/e,d“ in Fuel cell, Nernst (04? /

equation =

2021 | Nernst equation, cell constant, equilibrium constant 03 (

V2

2020 | Debye Onsager equation, Equilibrium constant, Product of electrolysis — NaF 04 -

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

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

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-Il

List-1 (Types of redox reactions) List-11 (Examples)

a. Combination reaction f? ,0 i. Cly,,+2Br  —2Cl
=

-GK\ /I.}ql
i ~ A0 e L~

b. Decomposition reaction ‘f \/ in. 2H,0,_ . —-2H,0,,+0
& 4daq e ‘)’_

+Bl‘m.’
8

2{g)

. . = ¥
¢. Displacement reaction | iii. CH,,, +20. =2 a0 « +2H,0,
e 2g) 2g 2™(1)

d. Disproportionation reaction 1( i\'éll,/(); DR D
2 ) 2g) —_2IR)

Choose the correct answer from the options given below.

(1) a-1v, b-111, ¢c-1, d-11 (2) a-11, b-1, c-1v, d-11 _#A) a-ii1, b-1v, c-1, d-u1  (4) a-111, b-1i, c-1, d-1v

he reaction between hydrogen sulphide and acidified permanganate solution,

) H,S is reduced to S, Mn0O); is oxidised to Mn™ M,\Dfﬁfﬂa‘;

) H5S is oxidised to SO;, MnO; 1s reduced to Mn0O,

is reduced to SO», MnO; is oxidised to an’@ y

. . - 0

4y H-S is oxidised to S, Mao; 1s reduced to Mn™ ¢ NQ\“
U\
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N,
The correct statemént/s about Galvanic cell 1s/are
(a) Current flows from cathode to anode

(b) Anode is positive terminal

(c) If E_, <0, then it is spontaneous reaction
-/\_,_\/.\_/"_‘
(d) Cathode 1s positive terminal

(1)aand b only (2)a,bandc 43’)/3 and d only (4) b only

The electronic conductance depends on

O o
‘1) Nature of electrolvte adde nic '2) The number of valence electrons per atom
(1) y 4PN | ctane )

(3) Concentration of the electrolyte <\(4) Size of the 1ons
Ans. 2




51. Fora given halfccll. 3e — Al |on increasing of aluminium ion, the electrode potential will
- N o e —

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

2 ST]
Solution : A" +3¢ — Al(s) rw”‘},_l,___ = — \Oﬂ L/M

/ ~ 0.0591

>
| Al(s) [ Al T]

ER.J = E;;CJ 2 log 7

(‘U\)\ ul
0.0591

Elm = EY«J i log

4 | A" |
0.0591 jog[ AI* | v/

-

~ . 3+ ‘ - 34
50 E, , [Al Tf. conc” of Al

[Sincc active mass of solid = l]

.U. +
L\




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

deposit various metals at cathode

4, 500 =1 Lal -m- List- 11
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(1) a=ii,b—=i,c—iv,d —iii —mb—lvc—ud—l

(3) a—iv,b—iii,c—i,d —ii (4) a—ib-ii,c—iii,d-iv
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NVhen E_ > 1.1V
(i) Electrons flow
from Cu to Zn
=5 TAnode qnd ('}1rr(-11l !lnws
ve T from Zn to Cu.
Zinc is deposited
at the zinc
electrode and
copper dissolves at
copper electrode.

anode

1

salt
bridge

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

ZnS0,

When Eou = 1.1 V
(i) No flow of
electrons or

current
(ii) No chemical
CusSO0, reaction.

E.>1.1
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>Mronger
oxidizing

agent

\,\Yt.“ '\l' r
oxidizing
agent

00"

Fa (@) + 2 ¢
H.Oux(ag) + 2H%ag) + 2 ¢

MnOs (aq) + B8 H*(ag) + 5¢

Clig) + 2 ¢ —
CryO;(aq) + 14 H*(aq) + 6 ¢~ —>
Oxg) + 4 H%aqg) + 4 ¢ >
Bro(l) + 2 ¢ >
Agtlag) + ¢ >
Fv"(m,) + € ——
Oxg) + 2H%aqg) + 2 ¢

I»(s) + 2 ¢

Oxg) + 2HO(l) + 4 ¢

Cu?*(aq) +

-
Sl‘l“((ul) + 2¢

l‘

2 F (ag)

2 H,O())

Mn?*(ag) + 4 H,O()
2 ('l“(m])

2 Cr'*(aq) + 7 H,O()
2 HO()

2 BrY(aqg)

Ag(s)

|:t‘3’((11])

H,0O,(ag)

2 17(aq)

4 OH (aq)

Cu(s)

Sn**(aq)

2H*(aqg) + 2¢”

Ha(Q)

Ol’b:’(uq) + 2e”
Ni"'(m/) - 2€
("d"’(m;) + 2¢€”

Ft':’(th) +

2
Zn“*(ag) + 2 ¢
2 H,O() + 2 ¢~ >
Al*(ag) + 3
\'lg"'(tltl) + 2¢ >
N.\’(m]) - >

Li*(ag) + ¢~ , >

O »

Pb(s)

Ni(s)

Cd(s) PA——
Fe(s) ()S
Zn(s) 0
H.(g) + 2 OH (ag) (5\\&\
Al(s)

Mg(s)

\c‘(\)
Li(s)

Weaker
reducing

agent
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Representation of Electrochemical Cell

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

Phase Boundaries

2 l

Zng | Zn?* .o Il 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. I o -
_\/x “+ ocT
A
{/ : 8 A 2
— —D
AS = AT —AVCE . Ao —
(7
Here, A%, = Molar conductivity at concentration c. Al wea\zjf; o
i =

A7 or AL, = Molar conductivity at infinite dilution

\ ¢
@ = Molar concentration of the electrolyte.

A = Constant depending upon the nature of solvent and temperature.

/x/‘\/'\/‘\,/\/\/\/\




o F CH,COOH

JC 5

Figure 3.17 variation of A with
JC for weak electrolyte
(CH,COOH)




A =L = i PN
KTat = et NA 2O, ()

» 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

dissociation of the electrolyte.

» For example, KCl, CaCl, and Na,50, are known as 1-1, 2-1 and 1-2 electrolytes
respectively. R f\m/,_\lw—»

» 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 (KCl) 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 (aqg)

Anode: Cl (aq) - \/(z,) L -
Net reaction:

NaCl(aq) + H,O(l) -» Na'(aq) + OH (aq) + 2H,(g) + 2ClL,(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 ¢

2H,0(l) - ) + 4H'(aq) + 4¢”  E° = +1.23 V (2.38)

250, (aq) 4S,0.” ° o = 1.96 V (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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Zn — Zn** + 2e_:E @ FQ/\,Ee\ZL;I—,g’ E° @V The e.m.f. for the

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

9 O N

B — 0=
o -0.35 V/< qu [(4%0&(1 anodd .
g +0.35V _
= 055\ /
4
e +1.17V -

117V X



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

aANood (4“/‘600({ 0>k
— O 3\:] )
= E - ~/O (\O\l S
w CathodL Eoufmo(-ﬁ QQAO
\\/12;(\% f{) E%Value ‘,05 > anod. ¢
= 03— (-83%) SRS
}bE valye 6 +ve oY ot
n > (aThodA .
=z O'}Ll‘f” &S.‘,F NMloyée Ve CC a[@h-tgx\

\/o_f;— .
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Which is the correct representation for Nernst equation ?

0.059 loxidant]

—
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I 5 [F@dUCtant] l\ - L - On Dj LE :an_a ) 01\ davxk"
0.059 1 [oxidant] @.—>20 ﬂ—&p@ — om\da'\: O M)

n_ o |[reductant]

0.059  [reductant] OP OF

n 108 |loxidant]

0.59 |[reductant]

n 108 |loxidant]
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For the reaction 2A () + B = s -—%), Nernst equation for the EMF of the

. \(/
cell is % 2 3l 0 051
| A el i

0 O}
o\ - S
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Which reaction is not feasible?

= 9 .
° Zlg+ Br, — 2KBr + 1, P 0\(4-\\0\9
4
Cr Y = \\OX% 39«@
2KBr + 1, —» 2KI + Br, A @

© © = "@

e 21<Br+c12—>2_1<v\cl+13r2/ L a k. /
©

Q 2H,0 + 2 F, — 4HF + 0,




The value of AG(k] mol™1) for the cell having E&u = (0.059 is
(take 1F = 96500 C mol~1)

O ey
AQ = —L a2 Q1
((A -1~aé@ —_— C%

A(/IO: — Ax0 V5AX AL, 500 (
> Moy ¢ !madxa—\/n‘of)

<o

[_\(4 = — &XO-OéKﬁ\b/EO@

e N

= —Q x ¢ X16,56©
Lo

AC ~-Liyoo]  =—IlN

|00




The equilibrium constant (K) for the reaction Cus) + 2Ag4) — Cu(aq) + 2Ags) will
be [Given Ecell = 0.46 |

| [,;w.;o-L(b\/ E:w: 0054\ o Ko
%{c = Antilog 15.6 ot e

5 )
ol
e Kc = Antilog 2.5 0-»,(,:0-054 looJKC
15 3= 109K k— &\
O
Kc = Antilog 1.5 A
e C ntilog Kc——AY\“l'Oéj O'be; _lp K
(I"S,_\))) —_— — - 4 6
Q Kc = Antilog 12.2 : 0094 \({/)\3
092 = A7
006 \ W\V%\




Specific conductance of 0.1 M nitric acid is 6.3 X 10”20ohm~* cm™?. The molar
conductance of the solution is

g 630ohm~! cm? mol ™1 M= \OOZX =

0 3150hm~! cm® mol™* A= 1000X 6 3%10 )

e 6.3000ohm~! cm? mol™* = )
ix b BX@Q@

Q 63.00hm™~! cm? mol™?! . SXIP\XFD"T\




2+ A—
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Molar ionic conductivities of a|bivalent electrolyte are 57 and 73 I_The molar
conductivity of the solution will be

Q/BO S cm? mol™1 /\m - 1K>\°LTT {>\&_

/\ — GCF =3y — 13 O érmg\mtﬂ"




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

a+ -
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 — 1wole = aa kL HE 4 O —h
_ /
da- . —> 9\3/ (Hg) ‘/\) = XX L XJ\—: S o {)—&J M"’\’t
. = 4
b | D};~QW{0‘7H\XIXQ®5¥
: qéigOO
M\g\j o =0 |
M‘—* ?( 0] = I\ o IE e =
Hy 500
Ol = T
koX®, B




N N— -
The value of currentis

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

Molan yolume — lnole = 2a- UL
/\/\_/\/—\/\/\A

AL —> 9\3/ CH&) p=2xI*t
h\&@f\@\j g 1,500
NL ?( G| =
4500
Q= -
100

——

< 1" xXA9b5

— —

Eqwko T
Had\hoﬁ en

Ho_ o1

—

+) 4

A
= )a%
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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

f 3.3 R= 2x0° ohm % \TJ% prl- -log L u+)
' A 1 - p-#2 = c ot
) S X0 FLR8 LT
_ &X\OB C
) B e
",c - PH._._ C) K = O-BO]X\OS(E‘\ \Ogox K
/ (.= 0 l /\m’} 30\ %(ma‘mo)

I‘ @ K = K —
' 3 000 X ) XQ — /\m /CL
NPT LL e Sy v

:W@XU'SQXI04 ®\ =2 ——\Q\

o | 3970 (W}\”)\X\D/
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B:Ag* © (0.1 M)/Ag(s) ;

Considerv\the following 4 electrodes } ,a++ e > Arj
A:Ag* Y(0.0001 M)/Ag(s) ; ~_E° —0 059 1o ~A)
szw T —

C:Ag* o (0.01 M)/Ag(s) ;
D:Ag* \’3(0.001M)/Ag(s);E;\g+ ag = 10.80V T

Then reductio! potential in volts of the electrodes in the order.

S = 40059 10g CAG)

- -
@B>C>D>A :B’ (?><D>A>B
g g
1 C A>D>/>§B |D’ AQRB>C>D




Consider the following electrodes ;zfi1 9.6 —>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

E‘W electrode potentials of the above electrodes in volts
are in the order

1 A P>S>R>Q

-

(D) P>Q>R>S






