Electrochemistry

1. Calculate the potential of Iron electrode in which the concentration of Fe2+ ion
is 0-01 M. (2024)

(E°pe?*/re = 0-45 V at 298 K)
[Given:log 10 = 1]
Ans.

(6] 0-059 1
E =E - lo
Fe2® /Fe Fe2t /Fe 2 g[F€2+]

=-0-45 V—wlogi

2 0-01
=-0-45V-0-059V
=-0-509V

2. When a certain conductivity cell was filled with 0-05 M KCI solution, it has a
resistance of 100 ohm at 252C. When the same cell was filled with 0-02 M AgNO3
solution, the resistance was 90 ohm. Calculate the conductivity and molar
conductivity of AgNOs solution. (2024)

(Given : Conductivity of 0-05 M KCl solution = 1-35 10-2 ohm-lcm1)
Ans. Cell constant(G*) = Conductivity x Resistance
=1.35x102x 100
=1.35cm1?
Cell constant (G*) = Conductivity x Resistance
1.35cm 1tk x 90
1.35/90 =k
k =0.015 Scm-1

Molar conductivity(A )= k x 1000/C

=0.015 x1000
0.02
=750 Scm?/mol

3. The following questions are case-based questions. Read the case carefully and
answer the questions that follow. (2024)

Batteries and fuel cells are very useful forms of galvanic cell. Any battery or cell
that we use as a source of electrical energy is basically a galvanic cell. However,
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for a battery to be of practical use it should be reasonably light, compact and its
voltage should not vary appreciably during its use. There are mainly two types of
batteries — primary batteries and secondary batteries.

In the primary batteries, the reaction occurs only once and after use over a period
of time the battery becomes dead and cannot be reused again, whereas the
secondary batteries are rechargeable.

Production of electricity by thermal plants is not a very efficient method and is a
major source of pollution. To solve this problem, galvanic cells are designed in
such a way that energy of combustion of fuels is directly converted into electrical
energy, and these are known as fuel cells. One such fuel cell was used in the
Apollo space programme.

Answer the following questions :
(a) How do primary batteries differ from secondary batteries ?

Ans. Primary batteries are not rechargeable while secondary batteries are
rechargeable.

(b) The cell potential of Mercury cell is 1:35 V, and remains constant during its
life. Give reason.

Ans. Overall reaction does not involve any ion in solution whose concentration
can change during its lifetime.

(c) Write the reactions involved in the recharging of the lead storage battery.
Ans. Cathode: PbS04(s) + 2e- = Pb(s) + S042-(aq)

Anode: PbSO4 (s) + 2H20 (1) = PbO2(s) + SO4%(aq) + 4H*(aq) + 2e-

4. Write two advantages of fuel cells over other galvanic cells. (2024)

Ans. (i) More efficiency, (ii) Pollution free
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- Previous Years' CBSE Board Questions -I

2.1 Electrochemical Cells

MCQ i
1. An electrochemical cell behaves like an electralytic
cellwhen i

(a) Ecei] = Eexte-mal {b) EcEI =0
(c) Emctemd = E:El (d) 'Eulnrml |
(2020)(#) :
m (2 marks)
Give two points of differences between

electrochemical and electrolytic cells.

of electrochemical cell? e
(A1 2019, 2/5,A1 2016)( U |

2.2 Galvanic Cells

MCQ

4. The correct cell to represent the following reaction 10. Calculate A G° for the cell reaction at 25°C:

is

Zn+ 20g" — 7n™" + 2Ag
(a) 2Ag|Ag'|lZn|Zn® (b) Ag"|AgllZn®*|2Zn
(c) Ag|Ag*|lZn]|Zn** (d) Zn|Zn®" || Ag"| Ag

greater than zero, then we can infer that its

(a) reduced form is more stable compared to

hydrogen gas

(b) oxidised form is more stable compared to

hydrogen gas
(c) reduced and oxidised forms are equally stable,

(d) reduced form is less stable than the hydrogen

gas. (2020)( U]

2.3 Nernst Equation

MCQ

6. AG and Ey for a spontaneous reaction will be
(a) positive, negative (b) negative, negative
(c) negative, positive (d) positive, positive.

E°=+080V
E°=-044V

7. Aglag t € —>Agy
Fefa) + 26" —> Fey,:
Find the ES, for :

Fey + 2A8 g — Fell) + 2Agy
(a) 1.6V (b) =116V (c) 204V (d) 124V

(2023)
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(2/5,2020)(R) |
3. Define electrochemical cell. What happens |f
external potential applied becomes greater than Eq;

m (2 marks)

(2023) |
15. Equilibrium constant (K,) for the given cell reaction is

(3marks)

© 16, Write the Nernst equation and calculate the emf of

{ 8. Consider the following standard electrode potential

values
Sn%* g+ 26" —5ny E°=-0.14V
Fe¥'aq +e™— Fe¥'(y E2=+077V

What is the cell reaction and potential for the
spontaneous reaction that ocecurs?
(a) 2Fe® | 5 +5n%" 0y — 2Fe ,n + Sniy
EE=-091V
(b) 2Fe (g + Sty — 2Fe® gy + 50" 0y i
EP=+091V
() 2Fe®  +5n" \—2Fe®  +5ny
E* =+091V
(d) 2Fe® g +Sn— 2Fe?’ 0 + 5?0y
Ef=+1.68V
{2023)

Calculate the emf of the following cell at 298 K:
Fey | Fe?*(0.01 M)|| H* (1M) H"'zm (1bar), Pty

Given E2,, = 0.44 V. (2023)

Zn|Zn** || Cd** | Cd
Given that : £%, 2+, = =0.76 V,
E°c 424 jcq=0/40V, 1F = 96500 Cmol™  (2023)

11. Write the MNernst equation for the following cell
(2023) |

5. If the standard electrode potential of an electrode is

reaction:
Znyy+ Cufy — Znfy, + Cuyy
How will the E_, be affected when concentration of
(i) Cu?* ions is increased and
(i) Zn?* ions isincreased?

12. For anelectrochemical cell
Mg(g) + Ag" (o) — Ag(s) + Mg Tag),
give the cell representation. Also write the Nernst
equation for the above cell at 25°C. (2020)

(Term ll, 2021-22)

13. Calculate the emf of the following cell at 25°C :

Al |AR* (0001 M) || Ni%* (0.1 M) Niy,
Given: E°Ni2t,m) ==0.25V
Es ==1:66V

[log2=0- 3010 Iog 3=0-4771) (2019) IE;I

14. Calculate A,G° for the reaction:

Mg + Cufay — Mgiag + Cugy
Given E2,y = +2.71V, 1F = 96500 C mol™!
(2/3,A12014) (ip)

10. Calculate Een

A(,) + B {ag) = A {aq) + B(s) (2/3,Foreign 2014)

the following cell at 298 K ;
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17.

18,

19.

20.

22,

24,
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Zn| Zn** (0.001 M) || H* (0.01 M) | Hygy (1 bar) | Pty |
Given: E‘inz"/Zn =-0.76 V, E:'*’HZ =0.00V, [log 10=1]
(Term Il, 2021-22, Foreign 2015)(Gr) :

Calculate A G° and log K_ for the following cell :
Niig) + 2A8{oq) — Nitan) + 2Ag(
Given that £2, = 1.05 V, 1F = 96,500 C mol™*

OR

Calculate the maximum work and logK_ for the given 26.

reaction at 298K :
Nig) + 2Ag{q = Nifzy + 2Agy
Given : Enzp = -0.2% V,Epgting=+0.80V
1F = 96500 C mol™?
OR
For the cell reaction,

‘ 24 +
Nigg) INI“) 1A ()| AB(g)

Calculate the equilibrium constant at 25°C. How
much maximum work would be obtained by :

operation of this cell?

E -0.25Vand EAG'/AG =0.80V

N2 NG

Calculate the e.m.f. of the following cell at 298K :
Fey | Fe?* (0.001 M) | [ H* (0.01 M) | Hyg (1 bar) | Pty
Given that ¢, =+0.44V

[log 2=0.3010, log 3=0.4771,log 10 = 1]

(Term Il, 2021-22) (V) |

OR
Calculate emf of the following cell at 25°C:
Fe] Fe?*(0.001 M)||H*(0.01 M){Hy(1 bar)|Pty
E%re? jre) = =044V, p(n‘m,) =000V  (Delhi2015)
Calculate AG® for the reaction,
Zngg + Cu%ly — Znig + Cugg
Given: E® for Zn**/Zn = -0.76 V and

E°for Cu?*/Cu=+0.34V
R=8314JK *mol™, 1F=96500C mol™’.

Calculate e.m.f of the following cell :
Zny| 20 (0.AM) | Ag" (0.01 M) | Ag,,
Given: Ez24/20= =076 V. Exgting = +080V
[Given :log 10 = 1]

Calculate A,G° and log K_ for the following reaction.
Cdfoq)* Znig—> Zn(ag + Cd
Given : Eg g2+ xcq = <0403V ; E524/7, = =0.763V

potential of zinc.

(Given : E9,2¢/7,= = =0-76 V; log 10 = 1) (2019C)(kv)
3. Write the cell reaction and calculate the e.m.f. of the

follcwing cell at 298 K.
Sngg | Sn *(0.004 M) || H(0.020 M) | Ha (1bar) | Pty

(Given : Eosn'h/sn ==0.14V)
For the reaction,

(2020) |

(3/5, 2020)

(A1 2019)(p)

Zinc rod is dipped in 0-01 M solution of zinc sulphate
when temperature is 298 K. Calculate the electrode

(3/5,2018)(1)] |

| 25,
(Term I, 2021-22) |

27.

|2
(3/5, Delhi 2015C) :

| 29.

T (5 mari

i 30.

L a1,
(3/5.2020) |

2AgCliy + Hyg (1 atm) — 2Agey + 2H'(0.1 M)
+2CI7(0.1 M)
AG® = =43600 J at 25°C.
Calculate the e.m.f. of the cell. (log 10™ = - n)
(3/5,2018)
Calculate e.m f. of the following cell at 298 K.
2Cry + 3Fe?*(0.1M) — 2Cr3*(0.01M) + 3Fe g
Given : Efc3+/cy = =0.74 V, Efpo2v g = -0.44 V
(Delhi 2016)
Calculate E°; for the following reaction at 298 K.
2Aly + 3Cu™*(0.01M) — 2A1*(0.01M) + 3Cuyy
Given:E =198V (3/5.A12016)

Calculate the standard cell potential of the galvanic
celzl in which the follgwing reaction takes place :

+ +
Fe'laq + ABlag) = Fe'laq + Ay
Calculate the A,G® and equilibrium constant of the
reaction.

(E‘ =0.80V;E;

Ag'/Ag =077 V)

(3/5, Delhi 2015C) (1]
Calculate the emf of following cell at 298 K :
Mg | MgZ*(0.1 M) || Cu?*(0.01 M)|Cuy
[Given: E2y=+2.71V, 1F = 96500 C mol™!]

(3/5, Delhi 2014)

Estimate the minimum potential difference needed
to reduce Al,O4 at 500°C. The Gibbs energy change
for the decomposition reaction,
2 AL,O, - 2 A1+0, is 960 k. (F = 96500 C mol™)
3 3 (3/5,Delhi 2014C)

e Fe?t

S

o fOr the given redox reaction is 2.71 V.

Mg“)+Cu2+(0.01M) -9Mgz+(0.001M)+C%,

Calculate E_, for the reaction. Write the direction of
flow of current when an external opposite potential
applied is

(i) lessthan2.71Vand

(ii) greaterthan2.71V (Delhi 2019)
Calculate e.m.f and AG for the following cell

Mgy | Mg?* (0.001 M) || Cu®* (00001 M) | Cuyy

E =-2.37V,E =40.34V

Mg?* Mg) (Cu?* /Cu)
(NCERT, Al 2015)

2.4 Conductance of Electrolytic

Solutions

MCQ

32.

i 33,

The unit of molar conductivity is

(a) Sem 2 mol™? (b) Sem?mol™!

(¢} 5"'em?mol™? (d) Sem?mol (2023)
Assertion (A) : Conductivity of an electrolyte
increases with decrease in concentration,

Reason (R) : Number of ions per unit volume
decreases on dilution.
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(a) Both Assertion
correct  statements, and Reason

is the caorrect explanation of the Assertion (A).

(b) Both Assertion (A) and Reason (R) are correct
statements, but Reason (R) is not the correct

explanation of the Assertion (A).

lc) Assertion (A) is correct, but Reason (R) is wrong

statement.

(d) Assertion (A) is wrong. but Reason (R) is correct

2020)(An] |
f J'__I'I_I 44,

statement.

ﬂmaﬂl

36

37.

Give reason :

Cnnducuwtv of CH;COOH decreases on ﬂl!l.lﬂﬂr'l
i 45,
. Define limiting molar conductivity. Why conductivity

of an electrolyte solution decreases with the :
(1/2, Delhi 2015) |

{1/5,2018)( U |

decrease in concentration?

OR
Define the following term :
Limiting molar conductivity (1/5, Delhi 2014)
State Kohlrausch's law of independent migration of
ions. Write its one application.

OR
Define the following term ;

Kohlrausch's law of independent migration of i ions,

(1/5, Delhi 2015C)| H'
i 48

(1/5, Delhi 2015C) |

Define the following term :
Molar conductivity ()

IEYM (2 marks)

38,

40.

41

42,
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yaur answer graphically.

of ions.

(ii) Calculate the degree of dissociation () of

CHACOOH if A and A}, of CH;COOH are 48

S em? mol™ and 400 S em? mol ™! respectively.

(Term 1, 2021-22) |

The conductivity of 0001 M acetic acid is
78%1073Sem™ Calculate|tsdegreeofd|ssocnat|ong

if A}, for acetic acidis390Scm 2 mol™,

(Term 11, 2021-22) (Ag)
In a plot of A, against the square root of concentration

(CY3) for strong and weak electrolyte, the value of '
limiting molar conductivity of a weak electrolyte :
cannot be obtained graphically. Suggest a way to obtain

this value. Also state the related law, if any.

(Term 11, 2021-22) EV) |

(3 marks)

i 53,

Answer the following questions (Any two) :
(a) Define molar conductivity (A,,).

(b) Write the unit of A,

(c) Howdoes A, vary with concentration?

(Term 11.2021-22C) |

(A) and Reason (R} are !
(R)

(1/2, Foreign 2015)

43,

On diluting two electrolytes ‘A’ and ‘B’ then Ay, of "A' 47.

increases 25 times while that of 'B' increases by 1.5
times, Which of the two electrolytes is strong? Justify |
(2023) |

. (i) State Kohlrausch's law of independent migration 48.

Answer the following guestions (Any two) :

(a) Why is alternating current used instead of
direct current for measuring resistance of an
electrolytic solution ?

(b) State Kohlrausch's law of independent migration
of ion,

(e) Depict the Galvanic cell in which the following
reaction takes place:

ME{S] + Cu%;q' —3 M.!Z[,;u + CUN
(Term |1, 2021-22C)

X and Y are two electrolytes. On dilution molar

conductivity of ‘X' increases 2.5 times while that

¥ increases 25 times. Which of the two is a weak

electrolyte and why? (2/5, 2020) wTﬂ
In the plot of molar conductivity (A,) vs square

root of concentration {n:m} following curves are
obtained for two electrolytes A and B

I
TTh ™

A Ilﬂ”x o

—
Answer the following :
(i) Predict the nature of electrolytes A and B.
(i) What happens on extrapolation of A, to
concentration approaching zero for electralytes

A and B? (2/5. Delhi 2019) (Ev |

Explain with a graph, the wvariation of molar
conductivity of a strong electrolyte with dilution.
(2019)

Calculate the degree of dissociation (o) of ar.e tic acu:l
if its molar conductivity (A,) is 3%.05 5cm 2 mol~1,
(Given : A°(H*) = 349.68 5 cm?mal™ and
A(CH5CO0™) =40.95 em®mol™Y) (Delhi 2017)
Define the term degree of dissociation. Write an
expression that relates the molar conductivity of a
weak electrolyte to its degree of dissociation.

(2/5, Dethi 2015C) (€1
Define conductivity and molar conductivity for the
solution of an electrolyte. Discuss their variation
with concentration. (NCERT, 2/5, Al 2015C)
State Kohlrausch law of independent migration

of ions, Why does the conductivity of a solution
decrease with dilution? (Al 2014)

. Definethe terms conductivity and molar conductivity

for the solution of an electrolyte. Comment on their
variation with temperature, (Delhi, Al 2014C) lﬂ
The resistance of 0.01 M NaCl solution at 25°C is
200 Q. The cell constant of the conductivity cell

used is unity. Calculate the molar conductivity of the
solution. (2/3,A12014C)

(a) The standard Gibbs energy (A G°) for the
following cell reacuon is =300 kJ mol™!

Zngg + 2A8{oq) = ZNsq) + 2AR(y
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57

60.

Calculate Ej for the reaction.
(Given: 1F = 96500 C mol™)

(b) Calculate A% for MgCl, if A% values for Mg®*
ion and CI” ion are 106 S cm? mol™! and |
76.35 cm” mol™* respectively. (Term|, 2021-22) |

The conductivity of 0001 mol L™ solution of

CH;COOH is 3.905 x 107> Sem™ L Calculate its molar |

conductivity and degree of dissociation (o).

[Given:22(H") = 349.6 5cm” mol ™" and A°(CH5CO0")

= 40.95em? mol™Y)

(Term I, 2021-22C, 3/5, Al 2016)

Conductivity of 2 = 10"* M methanoic acid is
8 % 10™° Sem™L. Calculate its molar conductivity and
degree of dissociation if A%, for methanoic acid is :

4045 em” mol™ L.

pair will allow greater conduction of electricity.
(i} Silver wire at 30°C or silver wire at 60°C.

(2020) |

Out of the following pairs, predict with reason which 62.

(i) 0.1 M CH;COOH selution or 1 M CH,COOH

solution.

(i) KCI solution at 20 °C or KCI solution at 50 °C.
(3/5. 2020)
The electrical resistance of a column of 0.05 M KOH

solution of length 50 em and area of cross-section
0.625 em” is 5 x 107 ohm. Calculate its resistivity, |

conductivity and molar conductivity.

(a) Following reaction takes place inthe cell :

Znyg + Aga0yy + Hy0p — 2t + 2Agy + 20HL,)
Calculate A,G®of the reaction..

[Given: Ef; 247, = =076V,

Efag'img = 0-80V, 1 F = 96,500 C mol™']

How can you determine

(b)

(3/5,2020) |

limiting molar :

conductivity, (A5,) for strong electrolyte and |

weak electrolyte ?

(2019) ;

The conductivity of 0.20 mol L™ solution of KCl is |
2.48 x 1075 cm™". Calculate its molar conductivity

and degree of dissociation ().
Given :2° (K*) =73.5Scm?mol™! and
2 (CI7) =76.5Sem?mol™.

(AI2015)

Resistance of a conductivity cell filled with 0.1 mol L™
KCl solution is 100 £2. If the resistance of the same cell :
when filled with 0.02 mol L™ KCl solution is 520 €,
calculate the conductivity and molar conductivity
of 0.02 mol L™ KCI solution. The conductivityof

0.1 mol " KCl solution is 1.29 x 1072 Q"1 em™?,

(3/5, A1 2014) (Ap) '

TN (4/5 marks)

Rahul set up an experiment to find resistance of '
aqueous KCI solution for different concentrations :
at 298 K using a conductivity cell connected to a
Wheatstone bridge. He fed the Wheatstone bridge :
with a.c. power in the audio frequency range 550
to 5000 cycles per second. Once the resistance '
was calculated from null point he also calculated
the conductivity x and molar conductivity A, and

61
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recorded his readings in tabular form,

SNo. | Conc.(M) | x(Sem™) | A, (Sem®mol™)
1. 1.00 111.3x107% | 111.3
2. 0.10 12.9x 1077 | 1290
3. 0.01 141x 1073 | 1410
Answer the following questions:

(a) Why does conductivity increase though the
conductivity decrease with dilution?

(b) If A2 of KClis 1500 S cm? mol™), calculate the
degree of dissociation of 0.01 M KCIL.

() If Rahul had used HCl instead to KCl then would you
expect the A values to be more or less than those
per KCl for a given concentration. Justify.  (2023)

Read the passage given below and answer the
guestions that follow :

Oxidation-reduction reactions are commaonly known
as redox reactions. They involve transfer of electrons
from one species to another. In a spontaneous
reaction, energy is released which can be used to
do useful work. The reaction is split into two half
reactions. Two different containers are used and
a wire is used to drive the electrons from one side
to the other and a voltaic/galvanic cell is created.
It is an electrochemical cell that uses spontaneous
redox reactions to generate electricity. A salt bridge
also connects to the half cells. The reading of the
voltmeter gives the cell 'gnltage or cell potential or
electromotive force. If E_y; is positive the reaction
is spontaneous and if it is negative the reaction is
non-spontanecus and is referred to as electrolytic
cell. Electrolysis refers to the decomposition of a
substance by an electric current. One mole of electric
charge when passed through a cell will discharge half
a mole of a divalent metal ion such as Cu*". This was
first formulated by Faraday in the form of laws of
electrolysis.

The conductance of material is the property of
materials due to which a material allows the flow
of ions through itself and thus conducts electricity.
Conductivity is represented by k and it depends upon
nature and concentration of electrolyte, temperature
etc. A more common term molar conductivity of a
solution at a given concentration is conductance
of the volume of solution containing one mole of
electrolyte kept between two electrodes with the
unit area of cross-section and distance of unit length.
Limiting molar conductivity of weak electrolytes
cannot be obtained graphically.

Zinc Plate

Silver Plate

e 1
Salt bridge

+
n? Alid
foa)

@’g www.studentbro.in



&3

&4,

{a} lssilver plate the anode or cathode ?
(b) What will happen if the salt bridge is removed 7

([c) When does electrochemical cell behave like an

electrolytic cell ?

(d) (i) What will happen to the concentration of

Zn** and Ag” when E_ = 0.
(i} Why does conductivity
decreases with dilution ?

OR

Calculate the conductivity of this solution.

(i} The electrical

resistivity, conductivity and molar conductivity.

(i) Depict the galvanic cell in which the reaction

takes place :

Nigg + 2Ag (g — Nifaa + 2Ag(
Further show:
(i} Which of the electrodes is positively charged ?
(i) The carriers of the current in the outer circuit.

(2021C)(An) |

{a) Representthe cellinwhich the following reaction

takes place:
2Al4 + 3Ni** (0-1 M) — 2A17* (0-01 M) + 3Nigy
Calculate its emf if Egg = 1-41V.

2.5 Electrolytic Cells and Electrolysis
MCQ

65.

Four half reactions | to 1V are shown below:
L 2CI" > Cly+2e”

Il. 40H" - O, +2H,0 + 2¢”

I, Na*+e” -5 Na

IV. 2H' +2¢" - H,

Which two of these reactions are most likely to occur
: 77,

when concentrated brine is electrolysed?
(a) landIll (b) land IV
(¢) landIll (d) NandIV

(1 mark)

66,

67.

68.

How much charge in terms of Faraday is required to
(2020) Ev) |
How many coulombs are required for the oxidation
(One word, 2020) :

reduce one mol of MnOj to Mn?*?

of 1 mol of H,0 to O,?
Give reason |

On the basis of E® values, O; gas should be liberated 78.

at anode but it is Cl, gas which is liberated in the :
(1/5,2018) (1] !

electrolysis of aqueous NaCl.

of a solution

(2023)

P 9.

(d] The molar conductivity of a 1.5 M solution of o

an electrolyte is found to be 1389 5 cm® mol™L.
7L

(Term Il, 2021-22)
resistance of a column nf%

002 M NaOH solution of diameter 1-40 cm and
length 44 cm is 5-00 x 10° ohm. Calculate its

| 72

Y 2 mari)

73.

i 74,
(b) How does molar conductivity vary with increase :
in concentration for strong electrolyte and weak :
electrolyte ? How can you obtain limiting molar :
conductivity (A5,) for weak electrolyte? (2019) ©

P 76,

Get More Learning Materials Here: n m

Following reactions occur at cathode during the
electrolysis of agueous silver chloride solution :
Ag i+ € — Aggg, E°=+080V

H gt e — %H-_,t,. , E*=000V

On the basis of their standard reduction electrode
potential (E*) values, which reaction is feasible at the
cathode and why? (Al 2017C, 1/2, Delhi 2015)

How much charge is required for the reduction of
1 mol of Zn"* to Zn? (Dethi 2015)

Following reactions occur at cathode during the
electrolysis of agueous copper (1) chloride salution :
Cufop+2¢"—Cuy;  E°=+034V

E°=000V

On the basis of their standard reduction electrode
potential (E*) values, which reaction is feasible at the
cathode and why? (1/2, Foreign 2015) I'E
State the Faraday's first law of electrolysis.

(Delhi 2015C) (R |

% -1
Hfﬂq}+e -3 EHHS': v

(i) What should be the signs (positive/negative)
for Ecy and AG® for a spontaneous redox reaction
occurring under standard conditions?

(if) State Faraday'sfirst law of electrolysis. (2023)

Predict the products of electrolysis of an agueous
solution of CuCl; with platinum electrodes.
(Given: E ¢ e, =+ 034V,
E.il.l’ZE!szl']- =+ 136 "nl".
E’mmw,.._. = 0,00V, E'(1/20,m,0)= + 1.23V)
(2/5, 2020)

. Predict the products of electrolysis in each of the

following :
(a) Anaqueous solution of CuSO, with Pt electrode
(b) Anaqueous solution of AgNO; with Pt electrode

(2020C)

How many seconds does it require to reduce 3 moles
of Fe®* to Fe?* with 2 A current?

(Given: 1 F = 96500 C mol™?) (2020C)
Following reactions may occur at cathode and anode
during electrolysis of aqueous sodium chloride,
What products will be held at anode and cathode?
Use given E° values to justify your answer.

Cathode: Naj,; + €™ — Nag, E°==-271V
H{m)"‘e.—’inw E°=0.00V
- 1 &
Anode: Clig—>3Clog+e”  E°=+136V

2H;05q) — O + 4H" + 4e" E°=+ 123V
(2019)(Ap)
Calculate the mass of Ag deposited at cathode when

acurrent of 2 ampere was passed through a solution
of AgNO; for 15 minutes,
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(Given : Molar mass of Ag = 108 g mol ™%,
1F =96500Cmol™) {2/3, Delhi 2017) :

79. State Faraday's first law of electrolysis. How much :
charge in terms of Faraday is required for the :
{2/5, Delhi 2014)
80. A solution of Ni(NO3), is electrolysed between :
platinum electrodes using acurrent of 5.0 ampere for
20 minutes. What mass of nickel will be deposited at :

reduction of 1 mol of Cu”* to Cu?

the cathode?
(Given : At. mass of Ni = 58.7 gmol™%,
1F = 96500 C mol~?)

following :

electrodes.
(ii) An aqueous solution of H,S0O,; with platinum
electrodes.

XM (3 marks)

22. When a steady current of 2A was passed through

two electrolytic cells A and B containing electrolytes | 89 Write the name of the cell which is generally used
ZnSO, and CuSO, connected in series, 2 g of Cuwere
deposited at the cathode of cell B. How long did the :
{ 90. Write the name of the cell which is generally used in
What mass of Zn was deposited at cathode of cell A? :
[Atomic mass : Cu = 63.5 gmol™?, Zn=65gmol™; 1F :
(2020)(Ey]
#3. A steady current of 2 amperes was passed through

| | FeSO d ZnSO, | —
containing electrolytes FeSO, and ZnSO, until : oy -1
2.8 g of Fe deposited at the cathode of cell X. ' %% The. conductivity. of \ 0! “mal L
How long did the current flow? Calculate the :

mass of Zn deposited at the cathode of cell Y.
(Molar mass : Fe = 56 g mol™?, Zn = 65.3 g mol™?,
(3/5, Delhi 2019)

84, Chromium metal is electroplated using an acidic
solution containing CrO; according to the following :

current flow ?

= 96500 C mol~!]

two electrolytic cells X and Y connected in series

1F = 96500 C mol™Y)

equation:
CI’Ogm} +6H" + 6e” — Cf(’, +3H,0

current?

[Atomic mass of Cr = 52 gmol™, 1 F = 96500 C mol™']
(A12019) |

mmm)

85. (a) The cell in which the followmg reaction occurs :
2Fe™ g+ 20 ag) — 2Fe™ (o + g

has E% = 0.236 V at 298 K. Calculate the '

standard Gibbs energy of the cell reaction.
(Given: 1F = 96,500 C mol™?Y)

wire if acurrentof 0.5 Ais passed for 2 hours?
(Given : 1F = 96,500 C mol™Y)

(Foreign 2014)

81 Predict the products of electrolysis in each of the 2.6 Batteries

. TN (1 mark)

(i) An aqueous solution of AgNO; with platinum : ™
: 87. Define: Secondary batteries (1/5, Delhi 2015C)[ﬂ

(2 marks)

(2/5, Delhi 2014C)

T (5 marks)

i 86 (i) State Kohlrausch's law of independent migration
of ions. Write an expression for the limiting molar
conductivity of acetic acid according to Kohlrausch’s
law.

(i) Calculate the maximum work and log K, for the
given reactionat 298 K:

Nig + 2A1aq) = Ni’(og) + 2Agyq
Given: E. e -0.25V, E =+0.80V

ag'ing
1F=96500C mor1 (2023)

Write the name of the cell which is generally used in
hearmg aids. Write the reactions taking place at the
anode and the cathode of thiscell.  (A12017)( R |

in inverters. Write the reactions taking place at the
anode and the cathode of this cell. (Al 2017)

transistors. Write the reactions taking place at the
anode and the cathode of this cell. (Al 2017)

91. What type of battery is mercury cell? Why is it more
advantageous than dry cell? (2/5,A12015) (/]

acetic
acid is 4.95 x 107 S em L Calculate the
dissociation constant if A°,, for acetic acid is
390.5 S cm? mol™,

(b) Write Nernst equation for the reaction at 25°C :
2 Al + 3Cutay — 2AlT5; + 3Cuyy

(c) What are secondary batteries? Give an example.

(2019)

| 2.7 Fuel Cells

Calculate how many grams of chromium will be '
electroplated by 24,000 coulombs. How long will
it take to electroplate 1.5 g chromium using 12.5 A :

MCQ
. 94, Which of the following cell was used in Apollo space
: programme?
(a) Mercury cell (b) Daniell cell
{¢) Hy;—0O;Fuelcell (d) Drycell (2023)

Name the cell use in hearing aids and watches.
(2020)( 7

(NCERT Intext) 95. Name the type of cell which was used in Apollo space

(b) How many electrons flow through a metallic |
i 96. Define: Fuel cell
(A1 2017) :

programme. (2020, 1/3,A12014)

(Delhi 2017, 1/5, Delhi 2015C, 2014)
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(2 marks)

97. Give two advantages of fuel cells.

98, Define fuel cell and write its two advantages.
(2/5,2018) r—j

99. From the given cells :
Lead storage cell, Mercury cell, Fuel cell and Dry cell

Answer the following ;
(i} Which cell is used in hearing aids?

(i} Which cell was used in Apollo space programme?

(iii) Which cell is used in automabiles and inverters?
{iv) Which cell does not have long life?

(Delhi :znmr']

¢ 100. Write two advantages of H,—
(2/5,2020)

05 fuel cell over

(2/3, Foreign 2014)

ordinary cell.

2 8 Corrosion

I 1mary

101. Using the E® values of A and B predict which is better

for coating the surface of iron
[EE:EH Ire) =—0.44 "u"] to prevent corrosion and why?

Efyae =237V ESp, o =—0.14V

B2+ E)
(A1 2016) (s

D s sonvie Qustons (R

2.3 Nernst Equation
(8 marks)

1. Represent the cell in which the following reaction
takes place. The value of E° for the cell is 1.260 V. |

What is the value of E__,?
2l +3Cd** (0.1 M) — 3Cd(y + 2AI** (0.01 M)

(Term I, 2021-22) |

2.4 Conductance of Electrolytic
Solutions

MCQ

2. Themaolar conductivity of CH,COOH at infinite dilution
is Hmﬁcmzfml.UEingthe graph and given information,

the molar conductivity of CH;COOK will be

A5 00———— ="
arst HCl
5 3B
&g 2751
§ 225}
2 1754 KCl
T

751

—— o

0 ! 02 03
{c/M) M2

(b) 115Scm?/mol
(d) 1255cmZ/mol

(a) 100Sem?/mol
() 1505 cmZ/mol

given in the following table.

Get More Learning Materials Here: & m

T 5 maris)

5 (i) State Kohlrausch law.

(Term-Il, 2021-22) |
3. Which of the following option will be the limiting
molar conductivity of CH;COOH if the limiting |
molar conductivity of CH;COONa is 91 S em? mol™*?
Limiting molar conductivity for individual ions are

S.No. lons Limiting molar conductivity /
Sem’mol™!
1. H* 349.6
2. Na' 50.1
3. K' 735
4, OH" 199.1

(a) 350Scm?mol!
() 390.55em?mol™?

{b} 375.35cm?mol"!
(d) 3404 5em? mol™!
(2020-21) (An]

m (2 marks)

Solutions of two electrolytes 'A’ and 'B' are diluted.
The A, of 'B' increases 1.5 times while that of A
increases 25 times. Which of the two is a strong
electrolyte? Justify your answer. Graphically show
the behaviour of ‘A’ and ‘B’ (Term ll, 2021-22)

(ii) Calculate the emf of the following cell at 298 K :
AlglAI** (0.15 M) || Cu?*(0.025 M) | Cuyy)
(Given Eo(AI:’*/Al) = =166V, E°‘c.,2+,cu) =034V,
log 0.15 = -0.8239, log 0.025 = -1.6020)
(2020-21)
On the basis of E° values identify which amongst
the following is the strongest oxidising agent?
Clyg +2¢"— 2CI7; E°=+1.36V,
MnO,~ +8H" + 5¢" - Mn?* + 4H,0; E° = +1.51V
Cr0%%+ 14H" + 6e™ - 2Cr** + 7TH,0;
E°=+133V
(i) The following figure represents variation of
(Ap ) vs JC for an electrolyte. Here, A, is the
molar conductivity and C is the concentration of
the electrolyte,
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IE 1490 *
o M8t - w
S 1483 ‘:"'xx
= L
F 1978 - \&.H
1474 - %
1470 A :
0 005 010 015 020 025 030 035
¥ imolr) V2
{a) Define molar conductivity. i
(b) ldentify the nature of electrolyte on the basis of |

the above plot. Justify your answer.
(c) Determine the value of A, for the electrolyte.
(d)

electrolyte using the above graph.

2.5 Electrolytic Cells and Electrolysis
BN (5 marks)

mast likely to be copper metal and why?

() What is the guantity of electricity in Coulombs
required to produce 4.8 g of Mg from molten ;
MgCl,? How much Ca will be produced if the :
same amount of electricity was passed through :

Detailed SOLUTIONS

Commonly Made Mistake e

Q

.\

"\ Previous Years' CBSE Board Questions £

1. (c)

Show how to calculate the value of A for the
(2020-21)

 If external potential applied becomes greater :
than E g of electrochemical cell then the cell behaves as |
an electrolytic cell and the direction of flow of current is :

3. The device which converts the chemical energy
. liberated during the chemical reaction to electrical energy

molten CaCl,? (Atomic mass of Mg = 24 u, atomic
mass of Ca=40u).

What is the standard free energy change for the
following reaction at room temperature? |s the
reaction spontaneous?

Snygy + 2CUTog) —» Siag + 2Cuiy

{c)

(2022-23)

2.6 Batteries
(5 marks)

& {a) Why does the cell voltage of a mercury cell

remain constant during its lifetime?
(b) Write the reaction occurring at anode and cathode
and the products of electrolysis of ag KCL
(] What is the pH of HC| solution when the
hydrogen gas electrode shows a potential of
-(,59 V at standard temperature and pressure?
(2022-23)

. 2.8 Corrosion

- XM 2marks)
i o e 3 i
7. (a) Molar conductivity of substance ‘A'is 5.9 x 107 | 9.  Corrosion is an electrochemical phenomenon. The

S/m and 'B'is 1 x 10™1® S/m. Which of the two is

oxygen in moist air reacts as follows:

Oy + 2H,0p + 4e” — 40H
Write down the possible reactions for corrosion of
zinc occurring at anode, cathode, and overall reaction

to form a white layer of zinc hydroxide,
(2022-23)

< Electrochemical cell :
electrical energy.

< Electrolytic cell :
chemical energy.

Convert chemical energy into

Convert electrical energy into

. iscalled electrochemical cell.
i If external potential applied becomes greater than

reversed.
2,
S.No. | Electrochemical cell Electrolytic cell
1 It is a device to It is a device to convert

convert chemical
energy into electrical
energy, i.e., electrical
energy is produced
as aresult of the
redox reaction.

electrical energy

into chemical energy,
i.e., electrical energy

is supplied to the
electrolytic solution to
bring about the redox
reaction.

. E° of electrochemical cell then the cell behaves as an
i electrolytic cell and the direction of flow of current is
: 4. (d): The cell can be represented as :

- Zn|Zn®" || Ag" | Ag

{5 (a):If standard electrode potential of an electrode is
i greater than zero, then we can infer that its reduced form
i is more stable as compared to hydrogen gas.

It is based upon the
redox reaction which
is spontaneous i.e.,
AG = -ve

In it redox reaction is
non-spontaneous and
takes place only when
electrical energy is
supplied i.e., AG = +ve,

6. (e} :For a spontaneous reaction, Gibb's free energy
i change AG must be negative, so E2, should be positive.
AG =" "nFE:e"

7. (d): Eceit = Egathode = E3node

i =+0.80 - (-0.44) = +1.24V

[ B (b):Sng——>Sn%y+ 2¢” i)

Get More Learning Materials Here: &

c=x
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Felpqte” —>Fe'ty

and (i), we get
Snygy +2 Felag — 2Fefay + SNy
En Eu:all'mde Eu.anude

=0.77 - (-0.14)

=+0.91V

E%.y is positive, so AG is =ve, hence spontaneous
14. Given: E3y =271V

© For the reaction, Mg + Cuoy — Mg’ + Cugg
i n=2,AG°=7?

Using formula, AG®==nFEZ

AG®=-2 % 96500 Cmol 1= 271V

i or  AG®=-523030) mol™! = -523.03 k) mol™!
D15 A+ BY o =—=A 9+ By

: Here,n=2

¢ Using formula,

reaction.

9. Fe——>Fe? +2¢
2H" + 26— H,

Fe+2H" —Fe?* + H,

a3

ﬂﬂS?ihg[Fezl

2 H

n.ﬂsqilo [n.m]
2 BT

0-0591
2

E

cell

=Efen=

=044 -

=044+ x2

E,o=0.4991V

10. Elu = Eluthods = Eanode
=040 - (-0.76)
=114V

AG® = -ﬂFEie"

AG® ==2 x 96500 = 1.14
-2,23,880 ) mol™

=-223.880kJ mol™!
. 0O n59 n’*
11 Ey =Eai= [Z J

ECEE"I
. ﬂ.ﬂﬁ? [Cu?*]
or Ey= E.+——lo
cell = Ecgy > S[Enz"l
(i) When concentration of Cu?
will increase,

will decrease.
12. Thecell can be written as

Mg | Mg®* || Ag" | Ag

According to Nernst equation,
_RT. (Mg’*l
0.059, [Mg¢ 2] —
2 [Ag ]

[key Points ()]

S Metal|Metal ion (conc.) || Metal ion (conc.)|Metal
Salt bridge

Ece“ =

Ecell ' E:dl T

By convention the electrode on which oxidation takes
place is written on the L.H.S and other electrode on
which reduction takes place is written on the RH.S

13. 2Al,+ 3Nifs, ) — 2A1% ) + 3Nig,

E2en = ENi* i = Eait/a)
==025~-(=1.66)=141V

Get More Learning Materials Here : &

i)
On multiplying equation (ii) by 2 and adding eguation (i)

E:ell=
- E2y=00295V
© 16. Forageneral electrochemical reaction,

L aA+bB —> cC+dD
i Mernst equation can be written as:

Eceil = Ecen =
Given cell :
Zn|Zn®* (0.001 M)||H*(0.01 M) Hag (1 bar) | Pty
: Cell reaction:

+ iow :
ions is increased, E .y E Zn+ oM 5Zn?* + H,

(ii) When concentration of Zn?* ions is increased, . e = E* iy = E°242%2, = 000V - (-0.76 V) = 0.76 V

| E =076V - log

Ecn=

c=x

00591 [AF]
= F - |
Ecai = Ecn - Iﬂg[ﬂi2+ €
=141 00591 _ {0.001*
3 (0.1
S Wi ﬂ:“ og1072
=141+ 2959 2 1 1439V

0.059

Eeen = logK,

Fuglﬂ

RT, [CKDF
nF - [AP(BP

00591, (0.001)
2 (0.01)2

=0.76-(0.0295) x (1) = 0.76 - 0.0295=0.73V

c

i 17. Atanode:Ni— Ni**+ 2¢”

| Atcathode:[Ag" +e™ — Ag] x 2

. Cell reaction: Ni + 2Ag" — Ni** + 2Ag
i ECon = E2athade = Ednode

=P~'/~-E°N?‘/Ni =080V~ ("025)

| E2=105V

0.0591 logK

<

logK = E““xn 1.05x2
0.0591 0.0591

' logK,=35.53
. K. = antilog 35.53 = 3.38 x 10%
| AG®==nFE® ==2x 96500 x 1.05 = -202650 J mol™*

= =202.65 k) mol™!

| The maxifaum work that: can be obfained = 20245 k.
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Canswer Tios (7]

= When a spontaneous chemical reaction occurs, the
decrease in the free energy, -AG, corresponds to the
maximum possible guantity of useful work, W, ...

18. The cell reaction is
FEH + EH-;HGIJ —% FE'E[::’} + Hg{m
E2 ,=0.0=(-0.44) =044V

cell
0.0591, [Fe®]
Ecet=Ecan— 3 log HP

0.0591 0.001
=044 - 5 log [Hﬂ.ﬂﬂz
=044 -002955=041045V
19. Zngy+ Cufny — Znigy + Cuyy
Here n=2
2= Eothode =ESnode = 0.34 = (-0.76) = 1.1V
1F = 96500 C mol™
AG®==nFELy ==-2x%1.1%96500=-212300) mol™1
==2123kJmol™!
20. Atanode:Zn—s Zn®* +2e
Atcathode: 2Ag" + 2e” — 24g
Overall reaction: Zn + 2Ag" — Zn”" + 2Ag
'E::ell r E::athnde = E;nude = 'E-Ag*fﬁg e Eaan'fEn
=0.80-(-076)= 156V
EEEH = E:!:" o D.ﬂﬁ?l' [Zhh]

2 [Ag'R
0.059 0.1
= 156 log =147V
P (0.01)

21. By ® Eigre = E%n = -0.403 - (-0.763) = 0.36 V
A/G® = =nFE® g = =2 % 96500 x 0.36
= 69480 ) mol~! = -69.48 kJ mol™!
nEgy _2x036
0059 0.059
K. = antilog 12.20 = 1.58 x 10"?
2o Eepe-20591 0 [M]
n M™]

g 00591, 1

M™]
00591, 1

2 %501
00591 ,
2

Using formula, logK, = =12.20

=

=-0.76-

=-0.76~
=-0819V

Key Points Q

2 For pure solids or liquids or gases at one atmospheric
pressure, the molar concentration (here [M)) is taken
as unity,

23. The electrode reactions are
At anode : Sn( — Sn”* (0.004 M) + 2¢”

Get More Learning Materials Here : &

- or, Eqgy=E2-0.0296 log =

|

Econ=Ecen log

| Eon ™ E%uy

L 198V =F° -

c=x

: Atcathode: 2H (0.02 M} + 2™ — H; (1 bar)

: Met reaction:

Snygy + 2H*(0.02 M) — Sn*(0.004 M)+ H, (1 bar)
: The Nernst equation of this cell at 25 °C

. 00591, [5n"Npy,)

ZEm.:EDE. 2 o

| ELy=E

it ~Esgiojgn = 0000V = (-0.14 V) = +0.14 V

0.004 =1
02)*
—E°_ - 0.0296 log ( 0.004 ]

- 0.0004
= E2,, - 00296 (log 10)

=2, - 00296 x 1= E2, - 0.0296
E_,;=0.14 - 00296 =0.1104 V

Key Points
:’ RE!‘I'IENEET H .E?.I-tIHz' ﬂ

AG® _ (-43600)

i Ty

| 2AgCH, + Hygg (1 atm) — 2Agy + 2H'(0.1 M) + 2C10.1 M)

« 00591, [Product]
n [Reactant]
0.0591 log (0.1

2 (1)

0.0591

=0.226-

(=2)

0.0591
=0.226~ log (107%) =0.226- 5

=0.226+0.0591=0.2851V

W e Tis (7]

= As CI” is not participating in the redox reaction so
CI” ion concentration should be ignored.

25. Een= E%ignt = E°ieqt = = 0.44 - (- 0.74) = 0.30V
| 2Cr+3Fe? (0.1M) - 2Cr™ (0.01M) + 3Fe

00591, (0.01)
i =0.30 - | =0.30+001=031V
W e Tios (7]

- E"“, = Oxidation potential at anode - oxidation
potential at cathode

= Eax(Anode) = £ ax{Cathode)

| 26. Givencell,
- 2Al, + 3Cu** (0.01 M) —» 2A1*(0.01 M) + 3Cuy,

| Ecou =198V, E2y=?
. Using Nernst equation at 298 K

0.0591,3‘ (AP )2
6 [Cu®P

=2
0.0591 103“0_2 12
6 (107]
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198V

-, 0.0591
=E% oy Z log10?

00571

1.93 .'H'I = Eﬂ:-EIl - w2

=198+ =2V
27. E°,=+080V-077V=+003V
AG® = -nFE° ;= -1 % 96500 x 0.03

= ~2895 Jmol™! = -2.895 kJ mol™!
AG®=-2.303RTlog K,
-2895=-2303%B.314 % 298 x log K,

or logK.=05074
K. = Antilog (0.5074) = 3.22

28. The cell reaction can be represented as .
Mg+ Cufoq — Me{oy *+ Cuyg

Given: El =+271V,T=298K

According to the Nernst equation

0.0591
3

. 00591 IMsf.:;l
Eceit =Ecai =
P lCuiy]
=2.71- D‘ﬂﬁ?llng-—-m-n 1 =2.6804 WV
2 Coo1

29. AlLO;(2A1%+ 302']—:2Ai+%02. n=be

o 2A1L,035 2AI+0,n= 2 x 6e”=4e
3 3 3

AG =940 kJ = 960000 J
ND‘N. ﬂG = ‘"F.Eu?“

AG _ =960000
nF  4x96500
Minimum potential difference needed to reduce Al,O4 is
-2487 V.

. ﬂ.ﬂﬁ?i

0.001
01

=-2487V

cell = 7

0.0591
2 log

—271- =2.73955V

current will flow from Cu to Mg.
(ii) If external opposing potential is greater than 271V

Cu.

3. Mgyl Mg®*(0.001 M) || Cu*(0.0001 M) | Cuyy
Reactions :

Anode : Mg, — Mg, +2¢”

Cathode : Cu®"(,;) + 2¢” — Cuyy

Net cell reaction : Mg,y + Cutay — Mg + Cug
n=2
Using NMernst equation
2.303RT Mg?*]
T [Cu?*]
For the given cell

Ezetl = Ecathode = Eanode = ECu* fcu = EMg? g
=034V =-(-237V)=271V

Ecatt ™ Ecati =

a=Zm

then current will flow in opposite direction ie.fromMgto ©

c=x

: Given [Mg®]=0.001M,[Cu**]=0.0001M
: Putting in Nernst equation at 278 K
E En!|| == 1?1 Fon D.Dﬁ?bg 0.001

2 0.0001

© Ey=271-00295l0g10=268V
| AG=-nFE

= = 2% 96500 Cmol™' x 2.68
==517240 Jmol™ = - 517.24 k) mol™?

32, [b): Unit of molar conductivity:

_ t{ﬂ"‘tm" ]x 1000({cm™)
"~ Molarity (molL"")

=0"Yem? mol™ or S em? mol ™.
i 33. ()

Key Points ()

= Conductivity always decrease with decrease in
concentration bath for weak and strong electrolytes.

: 34. Conductivity of CH;COOH (weak electrolyte)
. decreases with dilution because the number of current
© carrying particles i.e. ions present per cm® of the solution
. becomes less and less on dilution.

{35, The limiting molar conductivity of an electrolyte is
i defined as its molar conductivity when the concentration
¢ of the electrolyte in the solution approaches zero.

: Conductivity of an electrolyte decreases with dilution
i because the number of current carrying particles ie., ions
. present per cmy, of the solution becomes less and less on
i dilution,

. 36. Kohlrausch's law of independent migration of ions :
¢ It states that limiting molar conductivity of an electrolyte
i can be represented as the sum of the individual
' contributions of the anion and cation of the electrolyte.
I A%+ and A%~ are limiting molar conductivities of the
i sodium and chloride ions respectively then the limiting
. molar conductivity for sodium chloride is given by

N°m (Nac) = A°ha + Ao

Kohlrausch's law helps in the calculation of degree of

' ; ST | dissociation of weak electrolyte like acetic acid.
i) [Ifexternal opposi otential is less than 271V then | ; S =
M PROSYS P | The degree of dissociation «t is given by

A
Am

| where, A, is the molar conductivity and A®, is the limiting
| molar eonductivity.

{47, Molar Conductivity : Molar conductivity of a
. solution at a volume V is the conductance of all the ions
i produced from one mole of the electrolyte dissolved in
|V em® of the solution when the electrodes are one cm
i apart and the area of the electrodes is so large that the
. whole solution is contained between them.

i Ap=xV

i Its units are S em?mol™L,

{38, The molar conductivity (A,,) of strong electrolyte
| increases slowly with dilution as there is no increase
¢ in number of ions on dilution because they are already
| completely dissociated whereas Ay, for weak electrolyte

@’g www.studentbro.in



Get More Learning Materials Here : &

increases very rapidly on dilution as the number of jons
increase due to increase in dissociation. Hence, B is a :

| ATV

i (b) Units are Sem”mo
(c) Molar conductivity increases with decrease in
concentration because the total volume, V of solution
. containing one mole of electrolyte also increases.

| 43. (a)
. so more ions will be produced. Hence, we use alternating
* current instead of direct current.

¢ (b) Kohlrausch's law of independent migration of ions : It
| statesthat limiting molar conductivity of an electrolyte can
i be represented as the sum of the individual contributions
¢ of the anion and cation of the electrolyte.

¢ If A%+ and 4% are limiting molar conductivities of the
¢ sodium and chloride jons respectively then the limiting
. molar conductivity for sodium chloride is given by

strong electrolyte and A is a weak electrolyte.

| &
o S————
\ H'ﬁy--%____a

l\\_‘\.
T Weak electrolyte A

=

=
e

a9,
|Jﬂl'fl..lm:|..uﬂulﬂ.w \ L [ Bild
St e
.l!-.n Aiu, irn
;iL I"m,;,qh} . J‘u..[,..t; T l"'m-.“}
T, doar dx - vatid -ﬁm bisti. neng n.mlmﬂ‘::&riw&ﬁ

I.11J " _ﬂran. Lo L P ﬁﬂﬁmw._m .I‘fn_"l.llll..':s.u‘.n.l-!'

IR il_-_l__kl_:i!i'l 2 . .
[Topper's Answer, 2022]

40. Giventhat,x=7.8x10"7Sem ™, M=0001M
A2 = 320Sem® mol™?

We know that,
; =5
A= xx1000 _ 7.8x10™ x1000 _ 95 ¢ cm mol~1
M 0.001
= Am 78 =02
A, 390

of weak electrolyte, A, increases steeply on dilution at

even at infinite dilution. Therefore Aj, cannot be obtained
by extrapolation of A, to zero concentration.

= 400 | CHyCOOH
5
E
hﬁ 2004}
% \ ki
D 02 04
clﬂﬂm#uﬂl

A2, for such case is obtained by using Kohlrausch law
of independent migration of ions. The law states that :
limiting molar conductivity of an electrolyte can be |

represented as the sum of the individual contributions @ A

of the anion and cation of the electrolytes, ie, | A= Constant which dependsupon nature of solvent and

i temperature

Molar conductivity of a solution at a volume ‘F:’Iﬂ Ezfn::nlrat@nt 12
V is the conductance of all the ions produced from one | £ It {'; ag:;nsl | to =
male of the electrolyte dissolved in V em? of the solution OHHSL IO m O IR SN

when the electrodes are one cm apart and the area of the | Thus, Ay, decreases linearly with JC, when C = 0,

AZ =10, A5+ 0%
42. (a)

c=x

electrodes is so large that the whole solution is contained
between them.

!-1

Direct current will cause electrolysis of solution,

,il#.‘m [NaC :ti_'Hld_r:# ]f_'?u-

{c) Thecell can be represented as :

Mg | Mg** || Cu?* | Cu

i 44, Y is a weak electrolyte. As the concentration of
i the weak electrolyte is reduced, more of it ionises,
. Hence, a weak electrolyte shows a very large increase in
: concentration with dilution. A strong electrolyte shows
: only small increase in conductance with dilution, because
a strong electrolyte is completely dissociated in solution
: sothe number of ions remain constant.

45. (i) Electrolyte A is a strong electrolyte while

electrolyte B is a weak electrolyte.
41. Weak electrolytes like acetic acid have lower degree (i) For electrolyte A, the plot becomes linear near high

of dissociation at higher concentrations and hence for | dilutionandthus can beextrapolated tozeroconcentration

such electrolytes, the change in A, with dilution is due ; t©8et the molar conductivity at infinite dilution.
to increase in the degree of dissociation. This results in
increase in the number of ions in the total volume, In case :
- Hence, molar conductivity at infinite dilution cannot be

lower concentrations and does not reach a constant value determined.

: 44, For astrong electrolyte it is shown by Debye-Huckel
i Onsager equation as follows :

For weak electrolyte B, A, increases steeply on dilution
and extrapolation to zero l:nncenlratiun is not possible,

A=A, —AC
-""il-:cu
P ~Seerm o »-Strong electrolyte
T Ii“x """"" like KCI
L]
fow . Weak electrolyte like
"% s CH3COOH
T —
Here, AT = Molar conductivity at infinite dilution

(Limiting molar conductivity)
= Molar conductivity at V-dilution

is a straight line with intercept
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Am=Amand A7 can be determined experimentally.

47. Degree of dissociation (u) = Am
m
39.05 Scm mol

o= 1 =01
(349.68+40.9)S cm” mol™

insolution as ions is known as degree of dissociation.
Molar conductivity (A,) = «h®,
where A°  is the molar conductivity at infinite dilution.

49 The reciprocal of resistivity is known as specific !
conductance or simply conductivity. It is denoted by «k !
Hence, conductivity of a solution is defined as the
! conductance of a conductor of 1 em length and having 1
i sg. cm as the area of cross section. Alternatively, it may

Hence, conductivity of a solution is defined as the be defined as conductance of one centimetre cube of

conductance of a conductor of 1 cm length and having
1em? as the area of cross section. Alternatively, it may :
be defined as conductance of one centimetre cube of !
the solution of the electrolyte. Molar conductivity of a |
solution at a dilution V is the conductance of all the ions :
produced from 1 mole of the electrolyte dissolved in

{kappa).
I

1
== =Gx—
K Pm"'l: XA

Vem? of the solution. It is represented by A,
Ap=rV

concentration

dilution,
T
400 |EH3CUUH
E [
NEZDD“".L
o 1
X N T KCl
Y
Q 02 D4
ctnﬂmmu:
Molar conductivity increases with decrease in

cancentration because the total volume, V of solution !
containing one mole of electrolyte also increases. It has
been found that decrease in x on dilution of a solution is

more than compensated by increase in its volume.
Commonly Made Mistake I{.ﬂ.
2 For strong electrolyte conductivity decrease with

decrease in concentration while molar conductivity
increase with increase inconcentration.

contributions of the anion and cation of the electrolyte,

If A%5+ and A°c- are limiting molar conductivities of the - ifn =0.099
sodium and chloride ions respectively then the limiting e et

c=x

: molar conductivity for sodium chloride is given by

A LS

Conductivity of an electrolyte decreases with dilution
. because the number of current carrying particles i.e., ions
present per cm” of the solution becomes less and less on

i dilution.

48. Thefraction of the total number of molecules present $5: The recipeocal -of restitivity s known a5 specilic

conductance or simply conductivity. It is denoted by
¥ [kappa).

1 |
k== or x=0Gx—
A

the solution of the electrolyte. Molar conductivity of a
solution at a dilution V is the conductance of all the ions
produced from 1 mole of the electrolyte dissolved in V
cm of the solution. It is represented by Ay,

An=xV
Variation of conductivity and molar conductivity with

temperature : Both increase with increase in temperature
i as degree of ionisation increases.

Variation of conductivity and molar conductivity with i

. Conductivity always decreases with | 52. Conductivity (x) =

decrease in concentration, for both weak and strong :
electrolytes. Because the number of ions per unit |

' i Mol ductivity (A
volume that carry the current in a solution decreases on : AP CORUCHYILY {Am)

-:-:G‘nﬁxi

=5x% 103 Q"1 em?

- xx1000 _5x107° x1000 _ 550 o~ 1

M o001 P
53. (a) AG®=nFEq.
" 1
E:dl_._ﬁ{; _ 3001000 J mol™ 155V

nF 2x96500 C mol™!

b)) AS (MgCL) =A% (Mg2*) + 22 (CI7)

=1065em mol ™t + 2x 7635 em® mol™!
= 258.6 S cm? mol™*

54. Using formula, A = EX ‘E'}DD
| Given,x =3.905% 105 Sem™?
€=0.001 mol ™!
i ﬂ 3.?05:-:10 = 1000 = 1905 Sfm mol” =1
0.001
. The degree of dissociation, a= ﬂ-?r: 205 =0.1
3905

[+ A%, = 349.6 + 40.9 = 390.5 S cm? mol ™)

55. Given: Conductivity, x =8x 10" Sem™!
i Molarity, C = 0.002 M = 0.002 mol L1

50. Kohlrausch's law of independent migration ofions: = .. c
It states that limiting molar conductivity of an electrolyte ! Using formula, A

can be represented as the sum of the individual A, = = 405 cm? mol™L

- 1000xx

1000 x 8x 1073

0.002
40
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56. (i) Silver wire at 30°C allows greater conduction : AL
of electricity than &0°C because with increase in ’

temperature metallic conduction decreases due to :

vibration of kernels.

{ii) 0.1M acetic acid solution allows greater conduction

of electricity because with dilution degree of dissociation | ©0. Resistance of 0.1 M KCl solution R= 1002

Conductivity K= .
(iii) KClsolution at 50° C will have greater conductance, | CellconstantG =xxR=129x100=129m

This is because ionic mobilities increases with increase in Resistance of 0.02 M KCl solution, R=52010

increases and hence, number of ions increases.

temperature.

Commonly Made Mistake

= In solid metals, conduction decreases with increase in
temperature while in solution conductivity increases
with increase in temperature.

57 Given:a=0.625cm? |=50cm
R=5=10%chm, M=005M
D.625

Resistivity, p =R x ? =5x10%x ohm cm
= 62.5o0hmcm
Conductivity, x= l: 1 _o00160hm™em™?
&2.5
w3 1000

Molar conductivity, A =
_ 0.016x1000

0.05
- la) Eggyy = E3,

=320 0hm™ ' em? mol™!

Ag' g = Ezn®/zn

=0B0+076=158YV

AG® = =nFE®

AGP==-2x96500x% 156

= 301080 J mol~! = 301.080 kJ mol™!

{b} For strong electrolytes the plot between A, and N
is astraight line with intercept equal to A7, and 5Iope equal
to -A. Ap, for these can be obtained by extrapn!atinn of ﬁm
to zero concentration.

400 | cH,cO0H

:

KCI

.\,.,,/(Scm2 mol™Y)

0 02 04
CY(mol/L) V2

App = Uy A%, + 020,
59. Given : Conductivity, x = 0.0248 Scm™?!

Molarity, C = 0.20 M = 0.20 mol L™}

’ 1000x x
Using formula, A, =

Get More Learning Materials Here : &

Conductivity, & =

Molar conductivity, A= ==

i A
(b) Degree of dissociation, o= T

Given, h" =150.05 em® mol™t

. _ 1000 % 00248 _ 1546 2 -t
0.20

An._ 124 _pgp
Ay 735+765

1.295m™!

cell constant 129 m™"

Z =0.2485m™
R 5200

Concentration, C = 0.02 mol L™}
= 1000 % 0.02 mol m~3 = 20 mol m~2

x 02485m™
20mol 1'n
=0.0124 5 m® mol™!

: 61. (a) Conductivity of an electrolyte decreases with
i dilution because the nurnbernf current carrying particles
: e, ions present per em 3 of the solution becomes less and
¢ less on dilution.

i Molar
i concentration because the total volume, V of solution
: containing one mole of electrolyte also increases.

conductivity increases with decrease in

m

=141.05em? mol™?

141
it=——=0.94 or 94%
150

{ (¢} H' ion is smaller than K ion. Since, smaller the

i cation, higher the molar conductivity, hence for the same

| concentration of HCl and KCI, molar conductivity of HCI
is higher than that of KCIL.

. 62. (a) The half cell reactions are :

: Atanode:Zn——s Zn’* + 2¢

. Atcathode:2Ag" + 2¢"—— 2Ag

i So, silver plate is acting as cathode where reduction is
. taking place.

: (b) The function of salt bridge in an electrochemical
. cell is to maintain electrical neutrality in solutions and
i prevent voltage drop. If the salt bridge is removed voltage
. will drop to zero and no current will flow.

i (c) Ifexternal potential applied becomes greater than E:e"
. of electrochemical cell then it behaves as an electrolytic
: cell and the direction of flow of current is reversed.

Ap, for weak electrolyte cannot be obtained by :

entrapolaration of graph at zero concentration. A%, | (d) (i) When E.y is equal to zero, there will be a

for such case is obtained by using Kohlrausch law of | condition of equilibrium in the cell. So, the concentrations

independent migration of ions. The law states that . of Zn’" and Ag’ will become constant.

limiting molar conductivity of an electrolyte can be : (i) Conductivity of the solution decreases with dilution

represented as the sum of the individual contributions :

of the anion and cation of the electrolytes, ie, | currentin solution decreases withdilution.

because the number of ions per unit volume that carry the

OR

| (d) Giventhat, i, =138.9Scm?mol™,
Concentration=15M,x=?

4 - xx1000 A xM
[ T
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k= 1389 Scm” mol ™’ x1.5M
1000
C=002M
d 140

=—=—cm=0.70cm
o g

I=44em, R=500x10"Q
Aswe know that,

R=pi = 5.00x10° =px

=0.208 Sem™!

63, i)

L
nl0.70)*

5.00x10° x3.14x(0.70)% x10~2
p= 7Y

=174.8 Qcm

Conductivity, x= 1: v =572x107 a0 'em™?
p 1748

Molar conductivity,

1000 _ 5.72x1000x10°3
Molarity .02
(i) NilNi**|lAg"|Ag

(i} Silver electrode is positively charged.

AL =K% =2.865cm® mol?

outer circuit,
&4, (a) 241+ 3Ni* (0.1 M) — 2417 (0.01 M) + 3Ni
ES =141V

The cell can be represent as :
Al AF0.01 M) || Ni**(0.1 M) | Ni

« 00591, [AFF

E, =F = lo
cell = Eeell " !iN I:'*]:'
_141.00591 _(0.01)°
n 0.1)*

0.0591

=14 1—Tlﬂg 1“41

=141+n‘“:91 = 1419V

hence molar conductivity increases on dilution.

ions increases on increasing concentration.

For strong electrolyte, A_ = A2 = AJC

Thus A, increase with increase in concentration.

Limiting molar conductivity for weak electrolytes is

the electrolyte i.e.,
Am=viAs+vo Al

and hydrogen at cathode,
At cathode:
2H;0p + 2e™ — Hyy + 20H{,,

c=x

¢ Atanode:
| 2Cl,,)— Clyg + 26"

| 66, MnOj+5e"—Mn®*
i As Se” are needed to reduce 1 mol of MnQj4 to MnZ* thus
i chnage required is 5 Faraday.

= For calculating charge required calculate number of
electrons need for the change.

=7 1o

E &7. HEG—3H2+ E 0’2.
charge required to oxidised 1 mol of H;0 is 2F
i =2x96500=193000C

48, The reaction at anode with lower value of E® is
i preferred ie, Oy gas should be liberated but on account
of overpotential of oxygen, reaction preferred at anode is

i 1 -

p . : ! ie, Cl, gas is liberated at anode in the electrolysis of
(i} Electrons are the carriers of the current in the :

: aq. NaCl.

 69. The species that get reduced at cathode is the one
having higher value of standard reduction potential.
i Hence, the reaction that will occur at cathode is

; AS*‘W! + E- —}Ag&!
70. }_‘rﬁ” + 26—y,

1maol 2 manl

One mole of Zn?* requires 2 moles of electrons for
¢ reduction ie.
: Q=2xF =2x96500=193000C

71. The species that get reduced at cathode is the one
¢ which have higher value of standard reduction potential.

: Hence, the reaction that will occur at cathode is

. T

(b) For weak electrolytes molar conductivity decrease Culaq +2¢” = Cuy

with increase in concentration. As on low concentration | /2. Faraday’s first

{or on dilution) ionisation increases for weak electrolytes | €lectrolysis the amount of any substance deposited or

i liberated at an electrode is directly proportional to the

While the molar conductivity of strong electrolytes i quantity of electricity passed through the electrolyte ie.,

increases with increase in concentration as number of
Pows=Zxlxt

| where, Z is a constant of proportionality known as
i electrochemical equivalent of the substance deposited.

| 73. () AG’ = -nFELey (nF = amount of charge passed)

obtained by using kohlrauhch law of independent | |f AG is negative. i.e. E® is positive then the reaction will

migration of ions. The law states that limiting molar | be spontaneous.

conductivity of on electrolyte can be represent as the sum | (i) According to Faraday's first law of electrolysis,

of the individual contributions of an anion and cation of | “weight of ions deposited on an electrode of an
i electrolytic cell is directly proportional to the quantity of
i electricity passed” e,

65. (b): When concentrated brine ie. aqueous solution | w=Qorw=2Q=Zit

of MaCl is electrolysed, products are chlorine at anode |

law of electrolysis During

we @ or welxt [ Q=Ixt]

where, Q = quantity of electricity (in coulombs)

i 1=current (in amperes), t = time (in second)
i Z = electrochemical equivalent of material deposited on
i the electrode.
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74. Inaqueous solution, CuCl; ionises into
CuCl, —Cu® +2CI

At cathode : Cu®* + 2¢” — Cu
At anode : 2CI" — Cl, + 2e”

has a higher reduction potential than the water molecule.

preferred but due to over potential of oxygen, chloride ion
gets oxidized at the anode.

75. (a) CuSO4ieq— Cuifag + SO%aq
At cathode: Cufy, + 2e” — Cuyy

At anode : H,0p — %ozm +2H, +2e”

caompete to take place :
Aglq + € — Agyy E2=080V
Hipg +e” %Hzm;shn.mu

Since, Pt electrodes are inert, the anode is not attacked

potential get preference and decompose to liberate O,
40H™ = 2H;0 + O+ 4e”

76. Fe?*+1e” s Fe?*
imole 1e

ie, Q=3xF
Q=3x96500
1=2A

~ O

=1447505%

,_Q_ 289500
==

having higher value of standard reduction potential.
Hence, the reaction that will occur at cathode is

Hig+€ = SHyg  EP=000V

lower value of E® Thus

2H,0 —— Oy +4H" +4de”

should take place but on account of overpotential of
oxygen reaction preferred at anode is

Cliugy—»3Clog +€;  E°=+1.36V
78, Given:|=2At=15min=15=605=900s5w=?

Q=I=xt=2=900=1800C
Reaction for deposition of Ag is as follows

Ag' + 1" = Ag
1F 1 mol
1%94500C  108g

108 g of Ag.

79. Faraday's first
At the cathode, the copper ionwill be deposited because it
liberated at an electrode is directly proportional to the
At the anode, the lower electrode potential value will be :
we=Q or
w=Fx|=xt
where, 7 is a constant of proportionality known as
: electrochemical equivalent of the substance deposited.

. The electrode reaction is Cu®* + 2e”— Cu

w=

| 2=
Thus, 1 = 946500 C of electricity is required to deposit |
| Eq.wtof Cu®*=31.75

c=x

1800 C of electricity would deposit
_ 1081800

T 1x96500

law of electrolysis During
electrolysis the amount of any substance deposited or

=2014 gof Ag

quantity of electricity passed through the electrolyte ie.,
We %t [ Q=Ixt]

Quantity of charge required for reduction of 1 mol

(b) At the cathode the following reduction reactions of Cu®* = 2F =2 x 96500 = 193000 C

i B0. Given:Current!=54:t=20x5&0s5 w=7?
: Q=Ixt=5x20x60=6000C

: Reaction for deposition of Ni,

P Ni®t+ 280 — Ni

The reaction with a higher value of E® takes place at the °
cathode. Therefore, the deposition of silver will take place. :

1 mol
587

2 mol
2=96500C

Thus, 2 = 26500 C of electricity produces 58.7 g Ni.
by NOj ions. Therefore, OH™ or NO3 ions can be oxidized :

at the anode. But OH. ions having a lower discharge

A 6000 C of electricity would produce
- 58.7 x&000 - 13253
296500

81. (i) At the cathode the following reduction reactions
compete to take place ;

P ARLate — (EP=080V

1 mole of Fe™ requires 1 mole of electrons for reduction. xml . ff:!' . F9=0.00V
4 moles of Fe® requires 3 moles of electrons for reduction. log) T € 5 gt

| The reaction with a higher value of E® takes place at the
cathode. Therefore, the deposition of silver will take place.
i Since, Pt electrodes are inert, the anode is not attacked
| by NOj3 ions. Therefore, OH" or NOj ions can be oxidized
i at the anode. But OH. jons having a lower discharge
- potential get preference and decompose to liberate O,.

| 40H" = 2H,0 + O, +4e”

77. The species that get reduced at cathode is the one |

(ii) At the cathode, the following reduction reaction occurs

to produce H; gas.
| Hig+e = ZHag

" Atthe anode, the following processes are possible :

The species that get oxidised at anode is the one having 2H,0p — Ogg + 4Hjy + 4e” ; E° = + 123 V (i)

| 250% 5~ 5,005, + 267 E =+ 196V

| Fordilute sulphuric acid, reaction (i} is preferred to produce
O, gas but for concentrated sulphuric acid, (i) occurs.

Ail)

82, According to first law of electrolysis,
P w=Zit

Eg wt.

3 it

| wey=28
L 1=2A

31.75
96500

965002

%3175 - J040sec

w2xt = t=
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According to second law of electrolysis,
Mass of Zndepositde Eq.wt.ofZn
Mass of Cudeposited Eq.wt.of Cu
2 3175
—_— 32.5x2
3175

=2047¢g

83. According to Faraday's first law of electrolysis,

mass of substance deposited « quantity of electricity passed

WA
F
= 28=—28_4q
96500
=5 Quanraestl oisn e
28
NowQ=It = t—-?--%TSO=48255

According to Faraday's second law of electrolysis,
Massof Fedeposited Eq.wt.of Fe
Massof Zndeposited Eq.wt.of Zn
- 28 _ 28
Massof Zndeposited 32.65

- Massonndeposited:%x 32.65=3.265g

84, Charge = 24,000 coulombs

According to reaction, Cré* + 6e™ — Criy

We require 6F or 6 x 96500 C to deposit 1 mole or 52 g
of Cr.

For 24,000 C, the mass of Cr deposited

_52 ><24.000=z15 8

~ 6x96500
According to Faraday’s first law of electrolysis,

w,_Q . 215_24,000
w, Q 15 125xt

w=Zit
52 6x1.5x96500
T e T

85, (a) 2Fe™ + 2e” — 2Fe* and 21" — |, + 2¢”

Hence, for the given cell reaction,n=2

AGT==nFE® y==-2=96500=0.236 =

(b} Given,!1=05A1t=2hrs.

Mumber of electrons =7

Total charge (Q)=1=t=05=2 x &0 x 60 = 3600 C

Total charge
Charge of one electron
3600

T16x10 0
= 2.25% 10 electrons

=1336.155

- 45,55 kJ mol™!

MNumber of electrons =

electrolyte,

Expression for the limiting molar conductivity of acetic |
i hearing aids and watches.

acid is

. Atanode : Pbyg + SO%ix ——PbSO 4 + 2€”
90. Mercury cell is generally used in transistors.

: Atcathode : HgO + H,0 + 2™ —— Hgl(l) + 20H

: Atanode: Zn(Hg) + 20H™ — ZnO + H,0 + 2¢”

. 91. Mercury cell is a primary battery. Hence, it can be
i used only once and cannot be recharged.

: Advantage : The cell potential remains constant during its
i life time. Hence, it is useful for devices requiring constant
. current eg., hearing aids and watches.

(b)  Eco=Ecen~

c=x

o ° (-]
AcHco0H =Py coo- iy

) Ecan=Ecatnode ~Eanade =Epge/ag ~Ene i

=+0.80V-(-0.25V)
=105V

Maximum work = AG® = =nFEZy,

==2x 96500 % 1.05
==202650 J mol™!
=-202.65kJmol™*
AG® = -RTIn K, = =202650 J mol™*
8.314 ) K-'mol"! x 298 K In K. = 202650 ) mol™?
InK_=81.79
2303 log K. = 81.79
log K, = 35.5145

87. The batteries which can be recharged again and again
i are called as secondary batteries. e.g, lead storage battery.

88. The mercury cell is generally used in hearing aids.
Reaction at cathode :

HgO + H,0 + 2¢” — Hg + 20H"

© Reaction at anode :

Zn(Hg) + 20H™— Zn0O + H,0 + 2¢”

89. The cell which is generally used in inverters is

i secondary cell i.e., lead storage battery.
. At cathode : PbO +SO0% ) +4H(,, + 2¢"—— PbSO,

. ZHZO"’

92. (a) x=4.95%x10"9Sem 1, M=0001M
=390.5S em? mol™!

We know that

A o Xx1000 _ 4.95x10"°x1000
"M 0.001

a=tm_ 495 ;4067

Ny "~ 3905

=49.55¢cm” mol™?

_Co? _0.001x0.1267x0.1267 _ 5
Ke=1a™" (1-01267) sl

. 00591 {AP“F
& {CU2+]3

{c) The batteries which can be recharged again and
i again are called as secondary batteries. e.g., lead storage
i battery.

a6, (i) It states that limiting molar conductivity of ?3. lc):The H,=O; fuel cell was used for producing

an electrolyte can be represented as the sum of the | electricity in Apollo space programme. The water

individual contributions of the anion and cation of the | vapours produced were condensed and added to

i drinking water supply for astronauts,

94. Mercury cell is used for low current devices like
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= Mercury cell is used in waters and hearing aids
because their potential remains constant throughout
their life.

95. The hydrogen oxygen fuel cell was used in Apollo | 4. The molar conductivity(A,) of strong electrolyte
increases slowly with dilution as there is no increase
96. Those galvanic cells which give us direct electrical :

energy by the combustion of fuels like hydrogen, methane, :
: increases very rapidly on dilution as the number of ions

! increase due to increase in dissociation. Hence, B is a

space programme.

methanol, etc. are called fuel cells,
97. The two advantages of fuel cells are:

(i} They produce electricity with an efficiency of about
70% compared to thermal plants whose efficiency is !

about 40%.
(i} They are pollution free.

98. Those galvanic cells which give us direct electrical
energy by the combustion of fuels like hydrogen, methane, |

methanol, etc. are called fuel cells.
The two advantages of fuel cells are ;

about 40%.
(i) They are pollution free.

29. i) Mercury cell is used for low current devices like
watches and hearing aids.

space programme,

inverters,
{iv) Dry cell.

100, (i) Itis pollution free.

(ii} It has high efficiency of 70 - 75% and its rate can be i

controlled.

101, Metals of lower electrode potential value when :
connected with iron protect it from oxidation and :
prevent corrosion. Hence, coating of metal A having lower :
electrode potential will be better than B which has higher :

Eo(g?‘/g) =(=0.14V).

1. AlIJAI**(0.01M)]|Cd**(0.1M) | Cd (172)
2l + 3Cd%* (0.1 M) — 3Cd, + 2A1%* (0.01 M)

_ro__ 0059 [(A)? i
Ecell Egell ~ Iogm (1/2) :
Eoy = 126 - 0059, (0.01)° (1/2) |
) 0059, CE |
=126~ '6 (-1) (1) :
=1.26+0.0098 = 1.269V =127V (1/2)

2. (b): AZucook = AtH,coomn + Akl = Alic
=390+ 150 - 425 = 115 S cm?/mol
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{3 lc): Limiting molar conductivity of CH;COOH can be
i calculated as

*"‘u::H:,cnnH = }'?EH;]EDENa By Kt

=91+349.6-50.1
= 4406 - 50.1=390.55em” mol™! (1)

in number of ions on dilution because they are already
completely dissociated whereas A, for weak electrolyte

i strong electrolyte and A is a weak electrolyte, (1)
'y
A | _Strg
m T --_\__\__ %]
'._\ "%E
T Weakelectrolyte A
Ve = (1)

5 (i) Kohlrausch's law : It states that limiting molar

(i)} They produce electricity with an efficiency of about | conductivity of an electrolyte can be represented as the

70% compared to thermal plants whose efficiency is | ¢ym of the individual contributions of the anion and cation

of the electrolyte. (1)

If &, and A._ are limiting molar conductivities of the
¢ sodium and clsl:llt-::r'tde ions respectively then the limiting
i molar conductivity for sodium chloride is given by

(i) The hydrogen oxygen fuel cell was used in Apollo A ﬂ=1;¢a" ”"::r

(i) Lead storage battery is used in automobiles and (i) Cufoq*2e”— Cupy: E2 2+, =034V (At cathode)

Alpy — A7 (5 + 37 E° e = 166V (At anode)
| 2Alg+ 3Cu® - 28135, #3Cuyy  (Overall reaction)
i (1/2)
| Ea = Ecathode = E%anode = 0:34 = (-1.66) = 200V (1/2)
' . 0059  [AR]
0059, (0.15)°
=200- lo " n=6 1
5 “Blooasp =0 &
=200~ 0'259 (2l0g 0.15 - 3log 0.025)
=200~ 0'259 (~1.6478 -(~4.806)) = 1.9689 V (1)
- 6. (i) MnOj is the strongest oxidising agent because
i it has maximum positive E° value. (1)

i (i) (a) Molar conductivity of a solution at a dilution V is
. the conductance of all the ions produced from one mole of
i the electrolyte dissolved in V cm? of the solution when the
. electrodes are one cm apart and the area of the electrodes
¢ is so large that the whole solution is contained between

them, i.e, A, = KV, (1)
i (b) Electrolyteisastrong electrolyte. Molar conductivity
. (Ap) increases slowly with dilution. (1)
(O Ap=A%-ACY2 (1)

. A%, is equal to intercept on y-axis of the graph.

(1)

Therefore A%, = 150 S cm? mol™?
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1500+
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S 1494 4

_E 145.0 5=

L 1484 e ¥
8 Lo B
W 1482 -

‘;l 1478 =

=

1474 4 b’
147.0 4

0 005 010 015 020 025 030 D035
M2 ftmeoliL) 2
A=-slope=-(14% - 147.8/0.010 - 0.022)

= 1005 cm? mol™}/{mol/L"Y) 12 (1) :
7. la) "A"is copper metal as metals have high value of :
conductivity. (1) :

(b) Mg**+2e"—sMg

1 mole of magnesium ions gain 2 moles of electrons or 2F :

to form 1 mole of Mg. 24 g Mg requires 2F electricity.
4.8 g Mg requires 2 x % = 0.4F = 0.4 x 96500 = 38600C
(1)

Ca”*+2e" > Ca
2 F electricity is required to produce 1 mole or 40 g Ca.

0.4 F electricity will produce 8 g Ca. (1) i

(¢} F=96500C,n=2,
Snog + 26"— Sny E2-0.14V
Cufpy +€— Cuyi E°=015V

¢ Ezen= EZathode = Enode

=0.15-({-0.14)=029V

| AG=-nFE%, =2 % 96500 % 0.29 = 55970 Ymol (1)

: & (a) Thecell potential remains constantduringits life
. as the overall reaction does not involve any ion in solution
: whose concentration can change during its lifetime. (1)

- (b) KCligg=Kiaq +CI} g
. Cathode: Hijite = 2 sz OHiag) 2
© Anode: Clj,g— = Cizmﬁe (1/2)

. Net reaction: K::l,w, +H,0p— Kjpy+ OHpg +

1 1
—Hopu+ =Cl 1
SHag > 2t (1)

(c) Given, potential of hydrogen gas electrode = =0.5% V

1

! Electrode reaction: H" +e™—— =H,
i Applying Nernst equation,

| " 0,059 it

- Bty = By - Tm% (1)
i E';H my =0V

in=1

i [Hal=1bar

: -059=0-0.059(-log[H"]) (1/2)
: -0.59=-0.059pH (1/2)
i o pH=10

E 9. Anode: Zng — Zntay + 2¢7 (1/2)
. Cathode: Ogig + 2H,0y + 4e™ — 40H, (1/2)
| Overall: 2Zngy + Oy + 2H,0y — 2Zn{a, + 40H[,

| 2Znig + Oyg + 2H;0p — 2[Zn(OH) e (1)

c=x
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