Electrochemistry

1.

The E® values for
Al*/Al = +0.55 V and T1*/T1 = -0.34 V
AB*/Al = —-1.66 V and T3*/Tl = +1.26 V
Identify the incorrect statement

(2023)
(a) Al is more electropositive than Tl
(b) TI3*is a good reducing agent than TI!+
(c) Al*is unstable in solution
(d) Al* can be easily oxidised Tl than TI3*

Molar conductance of an electrolyte

increase with dilution according to the

equation:

Am = A — AVc

Which of the following statements are true?

(a) This equation applies to both strong and
weak electrolytes.

(b) Value of the constant A depends upon
the nature of the solvent.

(c) Value of constant A is same for both
BaCl,; and MgSOs.

(d) Value of constant A is same for both
BaCl; and Mg(OH)s,.

Choose the most appropriate answer from

the options given below: (2023)

(a) A and B only

(b) A, B and C only

(c) B and C only

(d) B and D only

The correct value of cell potential in volt for
the reaction that occurs when the following
two half cells are connected, is

Fe2t(aq) + 2e~ — Fe(s), E°=-0.44 V
Cr20%7(aq) + 14H* + 6e~ — 2Cr3+ + 7H20
E°=+1.33V (2023)
(@) +1.77V

(b) +2.65V

() +0.01V

(d) +0.89V

The conductivity of centimolar solution of
KCl at 25°C is 0.0210 ohm-! cm-! and the
resistance of the cell containing the solution
at 25°C is 60 ohm. The value of cell constant
is- (2023)
(a) 3.28 cm-!

(b) 1.26 cm-!

(c) 3.34 cm!
(d) 1.34 cm!

Given below are two statements: One is

labelled as Assertion A and the other is

labelled as Reason R:

Assertion: In equation A, = —nFEc., vlaue

of A.g depends on n.

Reason: E.. is an intensive property and

A, is an extensive property.

In the light of the above statements, choose

the correct answer from the options given

below: (2023)

(a) Both A and R are true but R is NOT the
correct explanation of A.

(b) A is true but R is false.

(c) A is false but R is true.

(d) Both A and R are true R R is the correct
explanation of A.

Two half cell reactions are given below:

Co3+ + e7 — Co2+, EZ:OZ+/CO3+ =—-1.81V

2A13* + 6e~ — 2Al(s), Ey g0+ = +1.66 V

The standard EMF of a cell with feasible

redox reaction will be: (2022)

(@ =3.47V

(b) +7.09 V

(c) +0.15V

(d) +3.47V

Standard electrode potential for the cell
with cell reaction

Zn(s) + Cu?t(aq) — Zn2*(aq) + Cu(s)

is 1.1 V. Calculate the standard Gibbs
energy change for the cell reaction.
(Given: F = 96487 C mol-})

(a) —200.27 J mol-!

(b) —200.27 kJ mol-!

() —212.27 kJ mol-!

(d) —212.27 J mol-!

At 298 K, the standard electrode potentials
of Cu?*/Cu, Zn?*/Zn, Fe2*/Fe and Ag*/Ag
are 0.34 V, —0.76 V, —0.44 V and 0.80 V,
respectively.

On the Dbasis of standard electrode
potential, predict which of the following
reaction cannot occur?

(a) CuSOs4(aq) + Zn(s) — ZnSO4(aq) + Cu(s)

(2022)
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(b) CuSOs(aq) + Fe(s) — FeSOas(aq) + Cu(s)

(c) FeSOs(aq) + Zn(s) — ZnSO4(aq) + Fe(s)

(d) 2CuSO4(aq) + 2Ag(s) — 2Cu(s) +

Ag2S0a(aq)

Given below are half cell reactions:

MnO; + 8H* + Se” — Mn2+ + 4H-0,

E;AHH/MHOZ =—-1.510V

20 + 2H* + 2e” — H,0

Eo,/m,0 = +1.223 V

will the permanganate ion, MnO} liberate O,

from water in the presence of an acid?
(2022)

(@) Yes, because E . = +0.287 V

(b) No, because E_,; = —0.287 V

(c) Yes, because E_y = +2.733 V

(d) No, because E_,; = —2.733 V

Find the emf of the cell in which the
following reaction takes place at 298 K
Ni(s) + 2Ag*0.001 M) — Ni2*(0.001 M) +
2Ag(s)

(Given that E_,; = 10.5 V,

298 K)
(a) 1.0385V
(b) 1.385V
(c) 0.9615V
(d) 1.05V

2.303RT

= 0.059 at
(2022)

The molar conductance of NaCl, HCl and
CH3COONa at infinite dilution are 126.45,
426.16 and 91.0 S cm? mol-! respectively.
The molar conductance of CH3COOH at
infinite dilution is. Choose the right option
for your answer. (2021)
(a) 390.71 S cm?mol™?
(b) 698.28 S cm?mol~1
(c) 540.48 S cm?mol™1
(d) 201.28 S cm?mol™?

The molar conductivity of 0.007 M acetic
acid is 20 S cm2? moll. What is the
dissociation constant of acetic acid?
Choose the correct option.

A+ =350 S cm?mol !
A¢h,coo- = 50 S cm?*mol™?
(a) 2.50 x 10~* mol L1
(b) 1.75x 107> mol L1
(c) 2.50x 107> mol L1
(d) 1.75x 10™* mol L™

(2021)

On electrolysis of dil sulphuric acid using
Platinum (Pt) electrode, the product
obtained at anode will be: (2020)
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(a) Oxygen gas
(b) H2S gas

(c) SOz gas

(d) Hydrogen gas

The number of Faradays (F) required to
produce 20 g of calcium from molten CaCl,
(Atomic mass of Ca = 40 g mol-!) is: (2020)
(@) 2
(b) 3
(c) 4
(d) 1

Identify the reaction from following having
top position in EMF series (Std. red.
Potential) according to their electrode
potential at 298 K. (2020 Covid Re-NEET)
(@) Fe?* +2e™ - Fe(s)

(b) Au3* +3e™ > Au(s)

(c) KT +le” - K(s)

(d) Mg?* +2e™ - Mg(s)

In a typical fuel cell, the reactants (R) and
product (P) are (2020 Covid Re-NEET)
(@) R = Hyg), 02(q); P = Hz0q)

(b) R = Hy(g), O2g), Cla(g)s P = HC1O4(ag)

(©) R = Hyg), N2(g); P = NHz(aq)

(d) R = Ha(g), O2(g); P = H2040

For a cell involving one electron E°cell =
0.59 V at 298 K, the equilibrium constant
for the cell reaction is: (2019)

[Given that 2225 = 0.059V at T = 298K]
(a) 1.0 x 102
(b) 1.0 x 105
(c) 1.0 x 1010
(d) 1.0 x 1080

For the cell reaction
2Fe3*(aq) + 217 (aq) » 2Fe?**(aq) + I,(aq)
Eel =0.24V at 298 K. The standard Gibbs

cel
energy (A,G®) of the cell reaction is:
[Given that Faraday constant F = 96500 C
mol-1] (2019)
(a) —46.32 kJ mol-!
(b) —-23.16 kJ mol-!
(c) 46.32 kJ mol-!
(d) 23.16 kJ mol-!

Consider the change in oxidation state of
Bromine corresponding to different emf
values as shown in the diagram below:

Bro; 182Vs pio- 13V s g

Bre 1.0652V Brl“]_sgs v
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Then the species
disproportionation is:

(a) Broj

(b) Bro,

(c) HBrO

(d) Br,

undergoing
(2018)

In the electrochemical cell
Zn|ZnS0,4(0.01M)||CuS0,4(1.0M)|Cu, the emf of
this Daniel cell is E;. When the
concentration of ZnS0, is changed to 1.0 M
and that of CuS0O, changed to 0.01 M, the
emf changes to E.. From the following,
which one is the relationship between E;
and E»? (Given, - = 0.059)

(2017-Gujarat)
(@ E,=0#E
(b) E; = E,
(c) E1 <E;
(d) E1 > E;

Given that A, = 133.4,5 cm? mol~! (AgNO03);

A, = 149.9 S cm? mol™* (KCD);

A, = 1449 S cm? mol™!' (KNO3;) the molar

conductivity at infinite dilution for AgCl is:
(2017-Gujarat)

(a) 132S cm? mol™t

(b) 140 S cm? mol™t

(c) 138S cm?mol™t

(d) 134 S cm? mol™?

The zinc/silver oxide cell is used in electric

watches. The reaction is as following:

In?t +2e” > In; E°=-0.760V

Ag,0 + H,0 + 2e™ - 2Ag + 20H™
E°=0.344V

If Fis 96,500 C mol-!, AG®° of the cell will be:
(2017-Gujarat)

(@) 413.21 kJ mol-!
(b) 113.072 kJ mol-!
(c) —213.072 kJ mol-!
(d) 4313.082 kJ mol-!

During the electrolysis of molten sodium
chloride, the time required to produce 0.10
mol of chlorine gas using a current of 3
amperes is: (2016-II)
(a) 220 minutes

(b) 330 minutes

(c) 55 minutes

(d) 110 minutes
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Zinc can be coated on iron to produce

galvanized iron but the reverse is not

possible. It is because: (2016-II)

(@) Zinc has lower electrode
potential than iron

(b) Zinc has higher negative electrode
potential than iron

(¢) Zinc is lighter than iron

(d) Zinc has lower melting point than iron

negative

The number of electrons delivered at the
cathode during electrolysis by a current of
1 ampere in 60 seconds is: (2016-II)
(charge on electron = 1.60 x 10-19 C)

(&) 3.75 x 1020

(b) 7.48 x 1023

(c) 6x 1023

(d) 6 x 1020

If the E°cell for a given reaction has a
negative value, which of the following gives
the correct relationships for the values of
AG°® and K,,? (2016-I1)
(@) AG® < 0;Kpq>1

(b) AG® < 0;K,q <1

() AG®>0;K,q <1

(d) AG® > 0;K,q > 1

The molar conductivity of a 0.5 mol dm-3

solution of AgNOs with electrolytic
conductivity of 5.76 x 103 S cm-! at 298 K
is: (2016-I1)

(@) 0.086 S cm? mol-!
(b) 28.8 S cm?2 mol-!
(c) 2.88 S cm?2 mol-!
(d) 11.52 S cm? mol-!

The pressure of H, required to make the
potential of H, electrode zero in pure water
at 298 K is: (2016-I)
(@) 104 atm

(b) 10-14 atm

(c) 1012 atm

(d) 10-1° atm

A device that converts energy of combustion
of fuels like hydrogen and methane, directly
into electrical energy is known as: (2015)
(a) Electrolytic cell

(b) Dynamo

(c) Ni-Cd cell

(d) Fuel cell

The pair of compounds that can exist
together is: (2014)
(@) HgCl,,SnCl,
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(b) FeCl,,SnCl,
(c) FeCls, KI
(d) FeCls,SnCl,

Using the Gibbs energy change, AG° =
+63.3 kJ, for the following reaction,
Ag,C03(s) = 2Ag™ (aq) + CO3™ (aq) the K, of
Ag,C03(s) in water at 25°C is: (2014)
(R =8314JK tmol™1)

(@) 8.0 x 10-12

(b) 2.9 x 103

(c) 7.9 x 102

(d) 3.2 x 1026

When 0.1 mol MnO}  is oxidized, the
quantity of electricity required to completely
oxidise MnO;~ to Mn0Oy is: (2014)
(a) 96500 C

(b) 2 x 96500 C

(c) 9650 C

(d) 96.50 C

The weight of silver (atomic weight = 108)

displaced by a quantity of electricity which

displaces 5600 mL of O, at STP will be:
(2014)

(a) 10.8 ¢

(b) 54.0¢g

(c) 108.0¢g

(d) S4¢g

At 25°C, molar conductance of 0.1 molar

aqueous solution of ammonium hydroxide

is 9.54 ohm-! cm? mol! and at infinite

dilution its molar conductance is

238 ohm! cm? moll. The degree of

ionization of ammonium hydroxide at the

same concentration and temperature is:
(2013)

(@) 2.080%

(b) 20.800%

(c) 4.008%

(d) 40.800%

A hydrogen gas electrode is made by dipping

platinum wire in a solution of HCI of pH =

10 and by passing hydrogen gas around the

platinum wire at one atm pressure. The

oxidation potential of electrode would be?
(2013)

(a) 0.059V

(b) 0.59V

(c) 0.118V

(d) 1.18V

36. A button cell used in watches functions as

following
Zn(s) + Ag,0(s) + H,0(l) =
249(s) + Zn?*(aq) + 20H (aq).

If half cell potentials are

Zn**(aq) + 2e~ > Zn(s) ; E° =-0.76V

Ag,0(s) + H,O0(l) + 2e~ = 2Ag(s) + 20H (aq)

E° = 0.34V . The cell potential will be:
(2013)

(@ 1.10V

(b) 0.42V

(c) 0.84V

(d) 1.34V
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Solutions

Ans. (b)

TI3 act as an oxidising agent not reducing
agent.

Ans. (d)

B and D statements are correct.

Ans. (a)

Ecen = Ec — Ea

(1.33) - (—0.44)

+1.77V

Ans. (b)

Centimolar solution = 1/100 M = 0.01 M
Conductivity (k) = 0.0210 ohm-! cm-!

Resistance (R) = 60 ohm

k=1/R(;)

= 0.0210 = 1/60(5) = ; = 1.26 cm!
Ans. (d)

A.g = —nFEca

Ecen is an intensive property and A, is an
extensive property as it depends on
number of e~ transferred in cell reaction.

Ans. (d)
Since, Egp of Al is more than Co2*, so at

anode Al will oxidise and at cathode Co3+*
will reduce.

Ecell (ECathode)Rp (EAnode)RP

o o

= Eco3+/coz+ — Epp+/al
=(1.81) - (—1.66)
=+3.47V

Ans. (c)

Zn(s) + Cu?t(aq) — Zn2*(aq) + Cu(s)
Eeop = 1.1V

AG’ = —nFE_,,

“n=2

AG° = —2x 96487 x 1.1

AG° = —-212271.4 J mol!

A G° =-212.27 kJ mol-!

Ans. (d)

For a reaction to be spontaneous, Ezen
must be positive.

S9.

S10.

m For, FeSO4(aq) + Zn(s) — ZnSOs(aq) +
Fe(s)

o o o

E'cell = Ecathode - Eanode
= —0.44 V- (-0.76 V)
=0.32V

m For, 2CuSO4(aq) + 2Ag(s) — 2Cu(s) +
AgQSO4(aq)

Elp =0.34 V-0.80 V
= -0.46V

m For, CuSOg4(aq) + Zn(s) — ZnSO4(aq) +
Cu(s)

Eley = 0.34 V= (—0.76 V)
=1.1V

m Foe, CuSOs4(aq) + Fe(s) — FeSOs(aq) +
Cu(s)

Ecep = 0.80 V — (—0.44 V)

=1.24V

Ans. (a)

m MnOj + 8H* + 5~ — Mn2* + 4H,0 (i)
Emno;/mnz+ = ~Emnz+/mno; = 1.91V

m H,0 — 50, + 2H* + 2e” (i)
Ep, 0 = 1.223 V

Using 2 X (i) + 5 x (ii), net cell reactions
is
2Mn0j + 6H* — 2Mn2* + 20, + 3H,0

o

Ecen = E - EA EMnO /Mn?+ T
=1.51-1.223=0.287V

EOZ/HZO

Since E.; > O, therefore net cell reaction
is spontaneous and so MnOj liberate O-
from H2O in presence of an acid.

Ans. (a)

Ni(s) + 2Ag*(0.001 M) — Ni2+(0.001 M) +
2Ag(s)

Ecell 105V

0.059 [ni?*]
cell — T 0g [Ag*]2

o o

Ecell =E

00591 (1073%)

= 10.5 - (1032

= 10.5 - 2 2log(10)?

= 10.5-0.0295 x 3
= 10.5-0.0885
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S13.

S14.

= 10.4115V
Ans.(a)

Anact = Aya+ + Aci-
Apct = Ag+ + A~

ACH3C00Na = Ana+ + ACH3COO_

Let, Ayg+ = x,Aci- = ¥, Ay+ = Achycoo-=w
Given,

x+y=126.45 ...(1)
y+2z=426.16 ... (1)
x+w=0901 ...(iii)

From the above 3 equations, value of
z +w = 390.71d
Ans.(b)
A;W(CchOOH) = A;\/I(H*') + Aj\/I(CH3C00‘)
=350 + 50 = 400 S cm? mol-!

Ay
A

a==2 —-5x102
400

Ka(chscoom) = Ca?
= 0.007 x (5 x1072)?2 = 1.75 x 10 >mol Lt
Ans.(a)

The following reactions take place on
electrolysis of dilute sulphuric acid on
using pt electrodes are:

At cathode:

4H* + 4e~(aq) - 2H,(g)

At anode:

2H,0(l) - 0,(g) + 4H*(aq) + 4e~

Thus, the product obtained at anode is
Oo.

Ans.(d)

1 equivalent of any substance is
deposited by 1 F of charge.

We have, 20 g calcium

The balance reaction will
The charge on Ca in CaCl,
Cl has -1 charge so that
Ca+2(-1)=0

Ca=2

We have to get Ca from Ca2+

S15.

S16.

S17.

S18.

S19.

Number of required moles = mass/molar
mass

Molar mass of Ca is 40 g/mol and
required of Cais 20 g

Hence number of moles = 20/40
= 0.5 mol

Electricity required to produce 1 mol of
calcium = 2F

The electricity required to produce 0.5
mol of calcium = 0.5 x 2F

=1F

Ans.(b)

Audt +3e” > Au(s) E° =140V

Fe?t +2e~ — Fe(s) E° = —0.44V

Mg?*t +2e” > Mg(s) E°=-2.36 V
K*+1e” »> K(s) E°=-293V

Au3* occupies the top position in the
electrochemical series.

Ans.(a)

Cell reaction involved in hydrogen-
oxygen fuel cell is

2H,(g) + 0,(g) — 2H,0(1)
Thus, R = H,(g),0,(g); P = H,0(1)

Ans.(c)

o 0.059 .
Ecen = E°cet — TlogQ (1)

At equilibrium, Q = K., and E,; = 0)
0.059

0°E°cen ———logKeq (from equation (i)
_ E°cell — 0_59 —

logKeq = 0.059  0.059 10

Koq = 1070 = 1x 1010

Ans.(a)

AG® = —nF E,,

= —2 X 96500 x 0.24

= —46320 Jmol~1 = —26320

1000
= —46.32 k] /mol
Ans.(c)

+1 0
HBr0 — BTy, Efip, /5, = 0.595 V'

+1 +5
HBrO — BrO3,Egyo,/upro = 1.5V

E.,,; for the disproportionation of HBrO,
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S21.

S22.

S23.

o

Ecey = E;er/Brz - El°?r03_/HBTO
=1595-15

=0.095V = 4ve

Hence, option (c) is correct answer.
Ans.(d)

Zn|ZnS0,(0.01M)||CuS0,(1.0M)|Cu

e 2.303RT (0.01)
- By =Ecen — X log

2XF 1

When concentrations are changed

o 2.303RT 1
“ E,=E. ; ——Xlog—

2 cell °F 8501
i.e, E{ > E,

Ans.(c)
A, (AgCl) = A,,(AgNO3) + A, (KCI) —
A (KNOs)
= (133.4 + 149 — 144.9) S cm? mol™?
= 138.4 S cm? mol™?!
Ans.(c)
Zn?* +2e” - Zn,E° = —0.760 V
Ag,0 + H,0 + 2e~ - 24g + 20H™,
E° =0.344V

Both are reducing potential :

As, EAg20/2Ag > E2n2+/2n

~ Cell reaction will be

At anode; Zn - Zn?*t +2e~ E° = +0.760 V

At cathode;

Ag,0 + Hy0 + 2e~ - 2Ag + 20H™
E° = +0.344V

Cell reaction:

ZIn+ Ag,0 + H,0 > Zn?** + 2Ag + 20H~
n=2 Eloy = 1.104V

© AG° = —nFE,,,

AG® = —2 x 96500 X 1.10

= —213072] mol™!

= —213.072 k mol™?

|AG®| = 213.072 k] mol ™!

Ans.(d)

According to Faraday’s first law:

w = z.i.t
E
z= (molar mass)
96500

S24.

S25.

S26.

S27.

S28.

S29.
S30.

35.5

01x71=—"""x3Xt as x factor 2
96500

t =110 min

Ans.(b)

Zn have a higher (—ve) electrode
potential that is more reactive than Fe.
It is coated on iron substances to
provide resistance against rusting such
a process is called galvanization. But in
reverse, that is Fe cannot be coated on
Zn, as corrosion will occur. In above, Zn
displaces Fe from its salt solution.

Ans.(a)

According to Faraday’s law
Q =ne

Q=it

ne =it

_1x60
T 1.6x10°19

Ans.(c)
AG° = —nFE” cell E° cell = (—ve)
So, AG® = (+ve) AG >0
Also, AG®° = —2.303 RT log K4
Kog <1
Ans.(d)
Concentration = 0.5 mol dm-3,

K=576x103S cm-!

= 3.75 X 1020 electrons

T =298 K
Kx1000
A = —
-3

= m+510 =11.52S cm? mol™t
Ans.(b)
2H* +2e~ > H,

_ o 0.059 Py,
E =E°———log 2

_ o 0059 Py,
0=0 — lo Q0772
log1=0

Py, = (1077)? =10~ atm .

Ans.(d)
Ans.(b)

Sn2+ cannot reduce Fe2+, so FeCl, and
SnCl, can exists together.



S31.

S32.

S33.

S34.

S35.

S36.

E°cell = E° .qinoge — E°anoge = 0.76 — (—0.34)
=11V

Ans.(a)

AG®° = —2.303 RT log K,

63300 = —2.303 X 8.314 X 298log Ky,
Ksp~8x 10712

Ans.(c)

+6
Mn0;%2 - MnO; + e~

0.1 mole 0.1 mole
Q=nF=0.1x96500 =9650 C
Ans.(c)

Wo, = % X 32 = 8g = 1 equivalent

= 1 equivalent of Ag
=108g
Ans.(c)

According to Kohlrausch’s law of limiting

molar conductivity:
Am _ 9.54

a=— = 0.04008

Ay, 238
% Dissociation (a) = 4.008%
Ans.(b)
According to Nernst equation

0.0592 cati

Eoxi = Evea — [[A(;il::]]
_ 0592 [10719]
=0 — log o
pH=0.59V
Ans.(a)




