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Electrochemistry

( Fastracl Revision )

» Electrochemistry: Electrochemistry Is the study of
productlon of electriclty from energy released during
spontaneous chemilcal reactlons and the use of electrical
energy to bring about non-spontanecus chemical
transformations.

» Electrochemical Cells

> Potential difference between the electrode and the
electrolyte is called electrode potential.

» The potential difference between the two electrodes
of agalvanic cell is called cell potential and is measured
in volts.

> Electromotive force (emf) of the cell is the difference
between the electrode potentials (reduction
potentials) of the cathode and anaode.

» Electromotive Force (emf) of Galvanic Cell
Ell E.] o E’J

call = Eaathodo anodo
» Nernst Equation

> For the electrode reaction, M™(aq) + ne- —— M(s),
the electrode potential is given by,

Ew E‘“-Elogo ——'1
nF IM'7]
= F¥ = L logyp : - (at 298 K)
i (M"]
» For concentratlon cell, emf at 298 K Is glven by
2.303 .. €.
ol | —L §i
E —= il:lgcl (- C'?>C1]

» To calculate electrode potentlal of a cell:
aA+ b8 2y XX+ yY

0.0591, [XI'vP
log T35 b

= (A (8]

nowledge BGOSTER

If two electrodes of the some metal are dipped

separately into two solutions of the same electrolyte

having different concentrations and the solutions are

connected through salt bridge, such cells are known as
/T concentration cells e.g., Cu* concentration cell.

» Foracell at equilibrium, Eéaumo'osm

l0gyo K

» Relatlon between Gibbs' Energy of the Reactlon and
emf of the Cell

A.“G @ —BFE[CQED
where, nF= amount of charge passed
> Relation of Gibbs' Free Energy with Equilibrium Constant
A,G°=-2.303 RTlog K,

» Conductance of Electrolytic Solutions
> Resistance Is the property of a substance to obstruct
the Flow of charge.
> |tisdirectly proportional to the length ({) and inversely
proportional to its area of cross-section (A).

[
Rc.: —_
P
where, p « resistivity or specific reslstance.

» The Sl unit of resistivity Is ohm metre ( m) or chm
cm (© cm).

nowledge BGOSTER ]

IUPAC recommends using resistivity over specific
=< resistance.

» Conductance Is the ease with which current Flows
through a conductor.

» Conductance, czl,where R = resistance
R

» Unlt of Cls ohm=' (or ©~') or mho or slemens (S).
» Specific Conductivity

» Speclfic conductlvity, 1\-=C><i where,f.:cell
a

a
constant
» Unltofkisohm-'cm-'or Sm-'.
nowledge BGOSTER

The substances which have very large conductivity

are known as conductors e.g., metals and thelr alloys,

non-metals like carbon black and some organic
"R polymers are also conductors.

» Equivalent Conductivity

. - ¢ %1000
> Equivalent conductivity, A, = X2
B Yifkeg Normality
> Unit of A, Is ohm™ cm? equivalent or slemens m™
equivalent=',
» Malar Conductivity
» Molar conductivity, A, _ xx1000
Molarity

» Unitof A, Is ohm=' cm? mol-" or siemens m? mol-'.

» Kohlrausch Law (of independent migration of lons)

» According to the law, limlting molar conductlvity of
an electrolyte can be represented as the sum of the
indlvidual contributions of the anion and catlon of
the electrolyte.

@ w o
Ap= ?.(4 +A

a

L
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>

| 2

where, )L':L = molar conductivity of cations,

)\;“_ = molar conductivity of anions.

> Foran electrolyte AJBy,
AB, = xAY + yB*

@ iy w o
A (A:By)—x;"mv«) -,ylwx_)

> Degree of dissociation of weak electrolytes,

£
a=2m

[

m
> Dissociation constant of weak electrolytes,
_ col ~ c(/\‘fﬂ)2
T1-u A (A, —AS)
where, ,\fm w molar conductivity at concentration 'c

A, = limiting molar conductivity

Electrolytic Cells: The cell which converts electrical
energy to chemical energy is known as electrolytic cell.
Faraday's First Law of Electrolysis: The amount of
chemical reaction which occurs at any electrode during
electrolysls by passing current Is proportional to the
quantlty of electriclty passing through the electrolyte (in
solution or in molten state).
Thus, Wgram amount of the substance gets deposited on
passing Q coulomb of electricity

Woe Q or W=2ZQ or W=Zit
where, Q= quantityofelectricity, i=current(A), t=time (sec),
Z w constant of proportionality called electrochemical
equivalent.
Faraday's Second Law of Electrolysis: The amount of
different substances liberated by the same quantity of
electricity passing through the electrolytic solution are
proportional to their chemical equivalent welghts,

ey Ey E; E

where, W, is the mass of substance deposited and £, is its
equivalent welght and so on.

Dry Cell: It consists of a zinc container which acts as
anode and cathode is a carbon (graphite) rod surrounded
by powdered manganese dloxlde and carbon. The space
between the electrodes Is filled by a moist paste of NH,Cl
and ZnCl,.

Knowledge BEGOSTER 1

Dry cell has a potential of about 1.5 V.

SN

» Mercury Cell: It consists of Zn-Hg amalgam as anode. The

cathode is a paste of mercuric oxide (HgQ) and carbon
powder. The electrolyte is a paste of KOH and ZnO. The cell
constant is 1.35V approx. and remains constant during its
life.

gnowledge BOOSTER 1
1o

; Mercury cell has a potential of 1.35 V.

SN

» Lead Storage Battery: It consists of a lead anode and a

grid of lead packed with lead dioxide as cathode. A 38%
solution of sulphuric acid acts as the electrolyte. When the
battery is in use (discharging), the cell reactions are:

At anode:
Pb(s)+S0% (ag) — PbSO,(s)+2e™
At cathode:

PbO,(s)+S03 (aq)+4H" (ag) +2e™ — PbSO,4(s) +2H,0(()

During charging, the reactions are reversed.

» Fuel Cells: They are galvanic cells. They are designed to

convert the energy of combustion of fuels like hydrogen,
methane, methanol directly into electrical energy.
e.g., hydrogen-oxygen cell.

» Corrosion: It is basically an electrochemical phenomenon

in which a metal oxide or other salt of the metal forms a
coating on the metal surface, e.g., rusting of iron, in which
the Following reactions take place:

At anode:
2Fe(s) —— 2Fe%*(aq)+ e~ (Oxldatlon)
At cathode:
0,(g)+4H"(ag) +4e™ - 2H,0(() (Reduction)

» Mathods used far Preventing Corrosion: Some of the

methods are:

» Coveringthe surface with paint or by some chemicals
e.g. bisphenol

> Covering the surface by other metals such as Sn, Zn,
etc., that are inert or react to save the object.

» Providing a sacrificlal electrode of another metal
like Mg, Zn, etc., which corrodes Itself but saves the
metal surface.

& Practice Exercise

' Multiple choice Questions N

Q1L The difference between the electrode potentials of
two electrodes when no current Is drawn through
the cell is called: (NCERT EXEMPLAR)
a. cell patentlal
b. cell emf
c. potentlal difference
d. cell voltage

Q2. The correct representation of cell reaction
Zn + 2Ag* — Zn?* + 2Ag is:
a. Agl Agell Znl Zn?*
b. Zn|Zn?* |l Ag | Ag’
c. 2Ag | Ag®ll Zn | Zn?*

d. None of the above

L
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Q3.

Q4.

QSs.

Q6.

Q7.

Qs.

Q9.

q l0.

QIL

Ql2.

Q13.

The standard oxidation electrode potential of four
metals A, B, Cand Dare + 1.5V, -2.0V, + 0.84 V
and —0.36 V respectively. The order of increasing
reactivity of these metals is:

a. A<B<(C<D b. D<C<B<A

c A<C<D<B d B<C<D<A

The standard reduction potential of elements 4, B,
C and D are respectively -2.90, + 1.50,-0.74 and
+ 0.34 V. Among these the strongest oxidising
agent is:

a. A b. B 2 d D

The standard reduction potential (E:ed) values
of A, B and C are + 0.68 V, -2.54 V and -0.50 V
respectively. The order of their reducing power is:

a. A>B>C b. A>C>8B

c C>B>A d B>C>A

CuSOQ, is not stored in aluminium bottle because:

a. Cu gets oxidised b. Cu?* gets reduced

c Al gets reduced d. CuS0, getsdecomposed
Following four colourless solutions of salts have
been kept in different test tubes and a copper strip
was dipped in each. Which solution will turn blue
in the end?

a. Zn(NO,), b. Cd(NO,),
c AgNO, d. Pb(NO,),
The correct cell to represent the following reaction
is: (CBSE 2023)

Zn + 2Ag" — Zn?* + 2Ag

a. 2Ag | Agr Il Zn1Zn? b. Ag"l Agll Zn?" | Zn

c AglAgtllznlzn? d. ZnlZn? |l Ag*| Ag

Ag*(aq) + e=—— Ag(s); E°=+0.80V

FeZ"(aq) + 26" —» Fe(s); E° =-0.44V

Find the E)y for:

Fe(s) + 2Ag* (aq) —— Fe?*(aq) + 2Ag(s) (COSE 2023)

a. 16V b. =116V c 204V d 124V

AG and EJ, for a spontaneous reaction will be:
(COSE 2023)

a. positive, negative b. negative. negative

C negative, pasltive d. pasltive, posltive

Which of the following solutions will have the

highest conductivity at 298 K?  (CBSESQP 2023-24)

a. 0.01 M HCl solutlon

b. 0.1 M HCl solution

¢ 0.01 M CH,COOH solutian

d. 01 M CH;COQH solution

Which of the following solutions of KCl will have the

highest value of molar conductivity?  (c8sEz2023)

a. 0.OOIM b 1M c 05M d 01M

Kohlrausch gave the following relation for strong

electrolyte: £ wills ~-A\/E

Which of the following equality holds true?
(COSE 2023)
3. AuA,85C—>yA b A=A.asC——0

C AepasC——=sw  d AsAasC——=1

Q4.

QIs.

Q 16.

Q17

Q1lse.

Q19.

Q 20.

The molar conductivity of CH;COOH at infinite
dilution is 390 S cm?/mol. Using the graph and
given information, the molar conductivity of
CH,COOK will be: (CBSE 5Qp 2022-23)

425
375 HCl
= 326
E 275
§ 225
s
125
75

KCI

¢ 0.1 0.2 0.3
a. 100 S cm?/mol b. 115 S cm?/mol
¢. 150 S cm?/mol d. 1255 cm?/mol
How many Faradays are required to reduce 1 mol
of MnO; to Mn?*? (CBSE 2023)
a. 4 b. 3 c 6 d 5
The quantity of charge required to obtain one mole

of aluminium from AL, 0, is: (NCERT EXEMPLAR)
a. IF b. 6F c 3F d. 2F

The cathode reaction during the charging of a lead
storage battery leads to the: (CBSE 2023)
a. formation of Pb5S0,,

b. reduction of Pb?® to Pb"®

c. formation of PbO, and Pb

d. depasition of Pb at the anode

When a lead storage battery is charged, then:

a. Pb0, dissolves

b. PbS0, gets deposited on lead electrode

¢. H,50, regenerates

d. quantity of acld reduces

The net reaction occurring in hydrogen-oxygen
fuel cell is:

a. 2H,(g) + 4 OH (0g) —— 4H,0(() + 4e~
b. 0,(g) + 2H,0(() —- 2e~ + 40H(0q)
. 2H,(g) + 0,(g) —~ 2H,0(1)

d. None of the above

Corroslon of Iron Is:

a. a decomposltion process

b. a photochemical process

¢. an electrochemical process

d. areductlon process

(CBSE 2023)

- Assertion & Reason Type Questions N

Directions (Q. Nos. 21-32): Each of the following questions
consists of two statements, one s Assertlon (A) and the other [s

Reason (R). Give answer:

a. Bath Assertlon (A) and Reason (R) are true and
Reason (R) Is the correct explanation of Assertion
(A).

b. Both Assertion (A) and Reason (R) are true but
Reason (R) is not the carrect explanation of
Assertion (A).

¢. Assertlon (A) s true but Reason (R) Is false.

d. Assertion (A) is false but Reason (R) Is true.

L
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Q2L

Q22

Q2.

Q24.

Q 25.

Q 26.

Q7.

10.

n

Assertion (A): Cu Is less reactive than hydrogen.

Reason (R): £°,2+ /¢, Is negative. (NCERT EXEMPLAR)

Assertion(A): E.,, should have a positive value for
the cell to function.
Reason (R): E ;i < Evoao (NCERT EXEMPLAR)

Assertion (A): E° 2+, is positive (+0.34 V).
Reason (R): Copper has high A H® and low AhNH°.
(CBSE2023)
Assertion (A): Conductivity of all electrolytes
decreases an dilution.
Reason (R): On dilution number of ions per unit
volume decreases. (NCERT EXEMPLAR)
Assertion (A): Conductivity decreases with decrease
in concentration of electrolyte.
Reason (R): Number of ions per unit volume
that carry the current in a solution decreases an
dilution. (CBSE2023)
Assertion (A): Molar conductivity decreases with
increase in concentration.
Reason (R): When concentration approaches zero,
the molar conductivity is known as limiting molar
conductivity. (CBSE2023)
Assertion (A): A, for weak electrolytes shows a
sharp decrease when the electrolytic solution is
diluted.

Q 28.

Q 29.

Q 30.

Q3L

Q32.

Reason (R): For weak electrolytes, degree of
dissociation increases with dilution of solution.
(CBSE 2023)
Assertion (A): Limiting molar conductivity (A7) is
obtained by the extrapolation of the A versus CV/?
curve of strong electrolyte.
Reason (R): A° for weak electrolytes is obtained by
using Kohlrausch's law. (CBSE2023)
Assertion (A): Mercury cell does not give steady
potential.
Reason (R): In the cell reaction, ions are not
involved in solution. (NCERT EXEMPLAN)
Assertion (A): Electrolysis of NaCl solution gives
chlorine at anode instead of O,.
Reason (R): Formation of oxygen at anode requires
overvoltage. (NCERT EXEMPLAR)
Assertlon (A): For measuring resistance of an ionic
solution, an AC source is used.
Reason (R): Concentration of ionic solution will
change if DC source is used. (NCERT EXEMPLAR)
Assertion (A): During electrolysis of aqueous
copper sulphate solution using copper electrodes
hydrogen gas is released at the cathode.
Reason (R): The electrode potential of Cu?*/Cu is
greater than that of H*/H,. (CBSE SQP 2023-24)

l Answers
A 4

. (b) cell emf

(d) Correct representation Is:
Zn|Zn?" || Ag*| Ag

()A<C<D<B

(b)B

(d)B>C>A

Mare Is the reducing potentlal. more Is the power to
get itself reduced or lesser Is the reduclng power.

(b) Cu?* gets reduced

Al ls more reactive than Cu. Le. Cu®* gets reduced.
(c) AgNO,

AgNO, wlll turn blue In the end.

(d)Zn1Zne |l Ag" | Ag

(d) 126V
Given. E3, 00 = 08B0V and €5, »—044 V
Ezuﬂ - E\;utlmu‘a = £ anads
« 0.80 - (-0.44) V
w124V

() negative, posltive
For a spontaneous reaction, AG< 0 and E¢; >0
AG = -nFE_,

~ AG and €7, will have opposite signs.

(b) D1 M HCL solution
01 MHClsolutlon willhave the highest conductivity
at 298K because conductivity Is higher far strong
electrolyte and it decreases with dilution.

12.

13.

14,

15.

16.

(a) 0.01 M
0.01 M KCLl solution will have the highest value aof
molar conductivity under similar canditions.
(b)A=AasC -0

Glven, A Mo BAIE

When € - JA . we have AzA.wAm
When C— Q. wehave , AVD
= A
So, this equality halds true.
(b) 115 S cm2/mol
Given: A°gy coon = 390 5 cm?/mol
Ay w150
Scm?/mal (from graph).
A’yq = 425 S cm?/mol (from graph)
Using formula,
/\ncu,coost - Agmjcoon +Aya= A
=390 + 150 - 425
115 § cm2/mol

(d) MRO; + 56— Mn?*
Oxidation number of Mn in MnO; Is +7.
Oxldatlon number of Mn In Mn2* g +2.
Change In oxldatlon number w7 -2 =5,
. B Faradays are requlred to reduce 1 mol of MnO;

to Mn2”,
(c) The quantity of charge required to obtaln one mole

of aluminium from Al,0, is equal to the number

of electrons required to convert Al,0, to AL
AP (0g) =2, Al(s)

Hence. 3F charge Is required.

L
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17.
18.
19.
20.

21.

22.

23. (

24,

25. (a

26.

27.

28.

29,
30.

31.

32.

b) reduction of Pb2* to Pb%*
C 2SO regenerates

(

(c)

(c) 2H,(g) + 0,(g) —~ 2H,0(0)

(c) an eLectrochemlcal process

Corrosion of iron is an electrochemical process
because in it. metals lose electrons and oxygen
accepts them. Thus, there is conversion of a metal
into its compounds, by continuous interaction
with atmospheric air and water vapour.

(c) Reason Is false because £°zs/c, = + 034 volt. Le.
positive.

() Eeuir = Ecoinose = Eonoce

We know that E_,; should have a pasitive value.

This Is true only when E; ;060 > Egnode

Hence. Reasaon (R) Is false.

a) E¢y2c, Is positive because of high atomisation

enthaclp\,f and low hydration enthalpy of copper.

Also. the high energy to transform Cu(s) to

Cu?°(aq) is not balanced by hydration enthalpy.

Hence. Reason (R) Is the correct explanation of

Assertion (A).

(a) Both Assertion (A) and Reason (R) are true and
Reason (R) is the correct explanation of Assertion
(A).

) Both Assertion (A) and Reason (R) are true and
Reason (R) is the carrect explanation of Assertion
(A).

(b) Molar conductlvity decreases with Increase In

concentration. Hence, Assertion (A) is true.

In limiting molar conductivity, the concentration of
the electrolyte approaches zero. 5o, Reason (R) Is
true, but Reasan (R) is not the correct explanation
of Assertion (A).

(d) A, for weak electrolytes shows a sharp increase
when the electrolytic solution Is diluted because
an adding excess water to Increase the dilution,
the degree of dissoclation Increases leading to
Increase In the number of lons In the solutian.
Hence. Reason (R) is true but Assertian (A) Is false.

(b) Bath Assertion (A) and Reason (R) are true but
Reason {F? is not the correct explanation of
Asgertlon (A)

(d) Assertion (A) is false but Reason (R) Is true.

(a) Both Assertlon (A) and Reason (R) are true and
?e)ason (R) is the correct explanation of Assertion
A).

(a) Both Assertlon (A) and Reason (R) are true and
?eason (R) Is the carrect explanation of Assertlon
A).

(d) During electralysis, Cu will deposlt at cathode.
Hence, Assertlon (A) Is false but Reasan (R) Is true.

-' Case Study Based Questions \

Case Study 1

Molar conductivity of a solution is the conductance
of solution containing one mole of electrolyte,
kept between two electrodes having unit length
between them and large cross-sectional area, so
as to contain the electrolyte. In other words, molar
conductivity is the conductance of the electrolytic

solution kept between the electrodes of a
conductivity cell at unit distance but having area
of cross-section large enough to accommodate
sufficient volume of solution that contains one
mole of the electrolyte. It is denoted by A,

The molar conductivity is related to conductivity
as:

A =va=$xK.sz 1000

m

Molarity

Unity of A, (molar conductivity) shall be ohm™!
cm~'mol~! or Sem? mol-!.
Thus, knowing molar concentration (C) and

conductivity (x), A can be calculated. f'\, is
called molar conductivity at infinite dilution.
The molar conductivity of strong electrolytes is
found to vary with concentration according to the

equation,

Ail ™ Am A‘J(_:
This equation is called Debye-Huckel Onsager
equation.
Here, A is constant depending upon the type
of electrolyte taken and nature of solvent and
temperature.
Read the given passage carefully and give the
answer of the following questions:

QL. If conductivity of 0.00241 M acetic acid is
7.896 x 1035 cm~1, the molar conductivlty of
the solution shall be (in S cm™ mol™?)

a. 3.276 b. 0.3276

c. 3276 d. 3276

Q2. Molar conductiwty of a solution s
1.26 x 102 (r! ecm? mol). Its molarity is
0.01. Its specific conductivity will be:

a. 126 x 1073 b. 1.26 x 10-3

c. 126 x 1077 d. 12.6 x 1073

Q 3. The increase in molar conductivity of HCl with
dilution Is due to:

a. Increase In self-lonication of water

b. hydrolysis of HCL

c. decrease in self-lonisation of water

d. decrease in interionic forces

Q 4. Which of the following is wrong about molar
conductivity?

a. The solution contains Avogadro number of
molecules of the electrolyte.

b. It Is the product of specific conductivity and
volume aof solutlon In cc contalning 1 mole of
electrolyte.

c. Its units are ahm=' cm? mol-!

d. Itg value for 1 M NaCl Is same as that of 1M
glucose solution.

R |
| Answers |
c) 3276

b) 1.26 x 10-2

L

2. (b)

3. (d) decrease in Interlonic forces
4, (d)

d) Its value for 1 M NaCl ks same as that of 1 M glucose
solution

L
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Case Study 2

Oxidation-reduction reactions are commonly 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 o
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 voltage or cell potential or
electromotive force. If £ is positive, the reaction
is spontaneous and if it 1s negative, the reaction is
non-spontaneous 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 x
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.

f
Salt bridge
Ag*(aq)
Zn'(eq)
| 1l

Read the given passage carefully and give the
answer of the following questions:
(CBSE 2022 Term-2)
Q L. Is silver plate the anode or cathode?What will
happen if the salt bridge is removed?

Q 2. When does electrochemical cell behaves like
an electrolytic cell?

Q 3. (i) What will happen to the concentration of
Zn’:,and Ag* when E_ = 07
(ii) Why does conductivity of a solution

decreases with dilution?
OR
The molar conductivity of a 1.5 M solution
of an electrolyte is found to be 138.9 S cm?
mol-!. Calculate the conductivity of this
solution.

I Aeemza |

Answers |
Sllver plate Is the cathode. No current will flow and
the voltage will drop to zero if the salt bridge is
removed.

An electrochemical cell behaves Uke an electrolytic
cellwhen £, > E -
(i) When E_y 0 (equilibrium is reached).
concentration of Zn?® and Ag* ions will not change.
() The number of lons per unit volume that carry the
current In a solutlon decreases on dilution. Hence,
conductivity decreases.
OR

We know that, A, = 1000 :\E}OL;:;CHV#W

A, xMolarity
1000

_1389x15
1000

=  Conductivity =

=0.208 Scm™.

Case Study 3

The lead-acid battery represents the oldest
rechargeable battery technology. Lead acid
batteries can be found in a wide variety of
applications including small-scale power storage
such as UPS systems, ignition power sources for
automobiles, along with large, grid-scale power
systems. The spongy lead act as the anode and
lead dioxide as the cathode. Aqueous sulphuric
acid is used as an electrolyte. The half-reactions
during discharging of lead storage cells are:

Anode: Pb(s) + SO2~ (ag) ——> PbSO (s) + 2¢~
Cathode: PbO,(s) + 4H*(ag) + SO~ (ag) + 2¢~
—> PbSO,(s) + 2H,0

There is no safe way of disposal and these batteries
end-up in landfills. Lead and sulphuric acid are
extremely hazardous and pollute soil, water as
well as air. Irrespective of the environmental
challenges it poses, lead-acid batteries have
remained an important source of energy.
Designing green and sustainable battery systems
as alternatives to conventional means remains
relevant. Fuel cells are seen as the future source
of energy. Hydrogen is considered a green fuel.
Problem with fuel cells at present is the storage
of hydrogen. Currently, ammonia and methanol
are being used as a source of hydrogen for fucl
cell. These are obtained industrially, so add to the
environmental issues.

If the problem of storage of hydrogen is overcome,
is it still a ‘green fuel’? Despite being the most
abundant element in the Universe, hydrogen does
not exist on its own so needs to be extracted from
the water using electrolysis or separated from
carbon fossil fuels. Both of these processes require

L
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a significant amount of energy which is currently
meore than that gained from the hydrogen itself. In
additon, this extraction typically requires the use
of fossil fuels. More research is being conducted
in this field to solve these problems. Despite the
problem of no good means to extract Hydrogen,
it is a uniquely abundant and renewable source of
cnergy, perfect for our future zero-carbon needs.
Read the given passage carefully and give the
answer of the following questions:

(CBSE SQP 2023-24)

Q1l. How many coulombs have been transferred
from anode to cathode in order to consume one
mole of sulphuric acid during the discharging
of lead storage cell?

Q 2. How much work can be extracted by using lead
storage cell if each cell delivers about 2.0 V of
voltage? (1F == 96500 C).

Q3. Do you agree with the statement "Hydrogen
is a green fuel.” Give your comments for and
against this statement and justify your views.

OR
Imagine you are a member of an agency
funding scientific research. Which of the
following projects will you fund and why?
(i) Safe recycling of lead batteries
(ii) Extraction of hydrogen

[ A I °

. We have W
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LAnswers |

1. 2 mole ¢ (or 2F) have been transferred from anode

to cathode to consume 2 mal of H,50, therefore, one
mole H,50, requires one Faraday of electricity or
96500 coulombs.

may & —NFE°=-2x 96500 x 2.0 = 386000
of wark can be extracted using lead storage cell when
the cell is in use.

. Yes. Hydrogen Is a fuel that on combustion gives

water as a by product. There are no carbon emlsslons
and no pollutions caused.

However, at present the means to obtain hydrogen are
electrolysls of water which use electricity obtalned
from fossll fuels and Increase carbon emlsslons.

In spite of the problems faced today in the extraction
of hydrogen. we cannot disagree an the fact that
hydrogen Is a clean source of energy. Further
research can help In finding solutions and green ways
like using solar energy for extraction of hydrogen.
No. It s true that hydrogen Is fuel that on combustion
glves water as a by product. There are no carbon
emissions and no pollutions caused.

However, at present the means to obtaln hydrogen are
electrolysls of water which use electriclty obtalned
from fossll fuels and increase carbon emisslons.
Hydrogen is no doubt a green fuel. but the process of
extractlon Is not green as of today. At present. laoking
at the process of extraction, hydrogen is not a green
fuel.

OR

Both answers will be treated as correct.

(I) Lead batterles are currently the most important
and widely used batteries. These are rechargeable.
The problem is waste management which needs
research and awareness. Currently, these are
being thrown into landfills and there is no safe
method of dispasal or recycling. Research Into
safer method of disposal will reduce the pollution
and health hazards caused to a great extent

(ii) Fuel cell is a clean source of energy. Hydrogen
undergoes combustion to produce water. The
need of the hour Is green fuel and hydrogen is
a clean fuel. The current problem Is obtaining
hydrogen. Research that goes into this area will
help solve the problem of pollution and will be a
sustalnable solutlon.

) Very Short Answer ype Questions N

QL Why are alkali metals strong reducing agents?

Ans.

Q2.

Ans.

Q3.

Ans.

Q4.

Ans.

Qs.

Ans.

Qo.

Ans.

All alkall metals occupy lowest position In the
electrochemical serles because the values of thelr
standard electrode potential are more negative. Thus,
these have strang tendency to form cation by losing
electron(s) and hence, act as strong reducing agents.
Although aluminium Is placed below hydrogen in
the electrochemlcal series but it is stable in air and
water. Why?

This is because of the formation of an Inert layer of its
oxide which prevents aluminlum from spontaneous
reaction.

Why is silver nitrate solution kept in coloured
bottles? (CBSE2016)

Silver nitrate gets decomposed in the presence of
sunlight. To prevent Its decomposition by sunlight. It
s lept In coloured bottles.

ok
2AgND,(s) 2% 2ag L +2N0, T + 0, T

HgCl, and SnCl, cannot exist together In an
aqueous solution, Explain with reason.
HgeCl, and SnCl, can not exist together In an aqueous
solution because they react with each other.

2HgCL, + 5nCly —-» Hg,Cly + 5nCl,

Explain why hydrogen is released at anode when

melted calcium hydride is electrolysed.

Melted calclum hydride contalns negatively charged

hydrogen or hydrogen In the form of hydride lan.
ca®* (H;

Thus, when calclum hydride s electrolysed.
hydrogen (H,) Is released at anode.

Write Nernst equation of electrode potential and
explaln the symbols used In it.
For an electrode reaction.

M(S)'\u::'.‘.'.‘.'ut M”*'(oq) +ne*

2.303RT
nF

The Nernst equatlon s E @ E°+ log(M"")

L
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Q7.

Ans.

Qe.

Ans.

Q9.
Ans.

where, E = electrode potential £° = standard electrode
potentlal. n « number of electrans involved in the
electrode reaction, R = gas constant. T = absolute
temperature, F = Faraday.

Can Br- be oxlidised into bromine by Fe** ion?

(Epse jpeze =OTTAV, Ey oo =1.09V)

No. because. the E o\ 0btained by the reaction of Fe3*
and Br-ions is negative.
2Br—Br,+2e. E£=-109V
2Fe* 420" — 2Fe?,  E°=+077V
2Fe®* +2Br— 2Fe?* +Br,£°=-032V

Using the E° values of A and B, predict which is
better for coating the surface of iran

[EQ(FeI’/r-e) =-0.44 V] to prevent corrosion and
why?
ED{AI‘“/A) =-237V,; EO(BI”‘/B) =-0.14V
(CBSE2016)

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

has hlghEl' E (B‘?,/B) w =014 V.

Define corrosion.

The process in which metals react with substances
present in the atmogphere (Uke CO,. H,5. H,0 etc)
and form a layer of thelr compounds on its surface Is
called corrosion.

Example: Formation of Fe,0,. x H,0 at Iron surface.

Q10. Out of zinc and tin, whose coating Is better to
protect iron objects? (CBSE 2020)

Ans. Zn s a better cholce.

' Short Answer Type-l Questions N\
Q1 Explain strong and weak electrolytes with
examples.

Ans. Strang Electrolytes: The substances which have the

abllity to dissoclate completely or almost completely
are called strong electrolytes eg., NaCl HCL KCL
NaQH, HNO,, H.50, etc.
Weak Electrolytes: The substances which undergo
only partlal dissoclatlon or very less lonlsatlon are
called weak electrolytes e.g. H,CO;. ZnCl,. CH,COOH
etc.

Q2. Is the following reactlon possible? Explain with
reason.

Fe(s) + H,50,(aq) — FeSO, + H,T
Ans. In the reaction Fe(s) + H,50,(aq) —- FeSO, + H,T

atoms of Fe (which is placed below hydrogen In
the electrochemical series or standard electrode
potentlal of Fe Is more negative than H) are able to
give electrons. Hence. Fe displaces H, from H,S0,.
Thus, this reaction Is possible.

Q3.

Ans.

Q4.

Q5.
Ans.

Qo.

Ans.

Q7.

Ans.

Zinc metal can displace copper from copper
sulphate solution but gold cannot. Explain with
reason.

In electrochemical series. Zn Is placed below Cu Le.
standard electrode potentlal E° value of Zn Is more
negative than that of Cu. so Zn can displace. Cu from
CuSO,, solution. Contrary to this. gold (Au) Is placed
above copper in electrochemical series. so it can not

displace Cu from CuSO,, solution.
HgO decomposes on heating but MgO does not.
Explain with reason.

. The oxldes of the elements which are placed above

Cu in the electrochemical series or which have
standard reduction potentlal less than + 0.34 V. get
decomposed on heating, Since Hg is placed above
Cu whereas Mg is placed below it. so HgO gets
decompased an heating but Mg0 does not

2HgO(s) > 2Hg + 0, T
Mg0(s) 2, No effect

Explain half-cell with example.
When ametalllc electrode Is dippedinto an electrolyte
solutlon. an equilibrium develops between metallic
electrode and metal lons. This assembly ls called half
cell
Example: When a rod of zinc metal (Le. electrode)
Is dipped Into the zinc sulphate solution (solutlon
of metal salt e, electrolyte) the lons of zinc metal
(electrode) try to move into the solution. After
losing two electrons, the metal electrode becomes
positively charged. This assembly works as a
half-cell

Zn(ﬁ);::::.'.f:'.::\. Zn2+(0q) +2e”
One of zinc and copper does not displace hydrogen
gas from acids. Why?

OR
Zinc reacts with dilute hydrochloric acid but copper
does not. Explain with reason.
Since. the standard reduction paotential of zinc Is
higher (negative value) as compared to that of
hydrogen. So. it displaces hydrogen from the dilute

acids.
Zn(s)+ 2HCl — ZnCl, +H, T
(dilute)

The standard reduction patential of copper Is lower
(negatlive value) than that of hydrogen. so It can not
displace hydrogen from dllute aclds.

Cu(s) + HCl(ag) —~ No reaction.

State Kohlrausch law of independent migration
of ions. Why does the conductivity of a solution
decrease with dilution? (CBSE 2023)
Kohlrausch Law: To calculate the molar conductivity
(at infinite dilution) of weak electralytes, Kohlrausch
gave a law, called Kohlrausch law. According to this
law, at infinite dilution, the molar conductivity of an
electrolyte can be represented as the sum of lonic
molar conductivities of its all the catlons and anlons
of the electrolyte.

L
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Decrease of Conductivity on Dilution: The conductivity
baslcally changes with the change In the concentratlon
of the given electrolyte. During dilution, the number
of ions present per unit volume carrying the current
tends to decrease. This results In a decrease in the
conductlivity of the electralytic solution.

Q8. Azincrod s dipped in 0.1 M solution of ZnSO,. The
salt is 95% dissociated at this dilution at 298K.
Calculate the electrode potential.

|:E0(Zn2?/zn) =-0.76 V]
SolL The electrode reaction written at reduction reaction
is,
In?t + 2 —-» Zn (n=2)
Applylng Nernst equation. we get
. 0.0591 1
A log[2n2+]

As 01 M ZnS0, solution is 95% dissoclated. this
means that in the solution,

[an*’]:-%—SDxDJ:D‘DBS M

00591 1
. log——
202 120 > e0ngs

=—0.76-0.02955 (3 -19777)
=-0.79021V
Q 9. Inagalvaniccell, the following cell reaction occurs:
Zn(s) + 2Aq’ (ag)—> Znh(aq) + 2Ag(s) E:nu =+1.56V
(i) Is the directlon of flow of electrons from zinc to
silver or silver to zinc?
(ii) How will concentration of Zn?* lons and Ag”
ions be affected when the cell functions?
(COSE 2017)

f B

Ans.

g-TiP:
B

e specific while writing answers. Avold unnecessary
|- explanations.

() The direction of flow of electrons Is fram zinc to
(i) Concentration of Zn?* ions will increase and Ag*
ions will decrease when the cell functions.

Q10. Following reactions may occur at cathode and
ancde during electrolysis of aqueous sodium
chloride. What products will be held at anode and
cathode? Use given E° values to justify your answer.

Cathode: Na* (ag) + ¢ — Na(s), E°=-271V

H*(aq) + e~ —>% H,(g), E° = 0.00 V

Anode:  Cl7(aq) —>% Cly(g)+e™, FPw+ 136V

2H,0(aq) - 0,(g) + 4H* + 4¢~, E°=+1.23V
(COSE 2019)

Ans. At cathode: H, (g) Is produced due to greater £°value
af H* lon.
At anode: CL, (g) is produced due to over voltage of
oxygen.

QLL Find out the EMF of the cell Zn / ZnZ* (1 M)
Il Co%* / CO (1 M)| Co. For this cell E° values for
Zn?* / Zn and Co?* are -0.76 V and + 0.28 V
respectively and their concentrations are
1 molar.

=-076V,

Sol. Glven. E.
ol BIven. &z

0

co?" /Co

For the cell. Zn | Zn?* (1 M) || Co?* (1 M) | Co
the half-cell reactions are as follows:
Zn—- Zn 4 2e”

Co?*+2e” —Co

=+028 V

Zn +Co%" — 5 7n?* Co: n=2

From Nernst equation,
. 0059 (Zn?")

€. (EMF) =€ ———log-—.
cell cell n [C02+]

- {Ecoz‘ ch_Ean' izn)
005911

3 logi

=(0.28 - (-0.76)) -0
=028 +0.76 = 1.04 V.

common] ERR(DR »
Students tend to overlook or incorrectly copy the data. ]

Q12. Acellis constructed between copper and silver

Cu(s) | Cu®* (aq) Il Ag* (aq) | Ag(s)
If the two half-cells are working under standard
condition, then calculate the emf of the cell.

=+0.34 V, EAg"/ X =+080V

£
cu?t/ cu

Sol. In standard conditions. € is called €" cell and for
this cell

[} o

cell = EAﬂ‘fA\g 7ECUE'ICLI
w080 = (+034) V= + 0.46 V

Q 13. The standard electrode potential of Daniell cell is
1.1 V. Calculate the standard Gibbs energy for the
following reaction:

Zn(s) + Cu?* (ag) —-» Zn?* (aq) + Cu(s)
(1F = 96500 C mot-?)
Sol. The half-cell reactions of the Daniell cell are as
follows:  Zn(s) —- Zn?* (aq) + 2e
Cu®*(aq) +2e~ - Cu(s)
Zn + QU ey Zn2* 4+ CU Nw 2

Standard Glbbs anergy, A,6° = -nF E:ull

E

w2 mol x (96500 C mol-!) x (11 V)
we 212300 C-V « 212300 J = - 212.3 k)

L
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Q 14. Calculate the potentlal of hydrogen electrode
in contact with a solution, pH of which Is 10.

(NCERT INTEXT)
Sol. For hydrogen electrode
H™ + e‘——»%Hz
From Nernst equation,
E_ i = _0.059110 1
H",-z-H2 H*_-z—H2 n G
mU—DDEg]log 110
10°

(-pH=10:H*=1%10%H = 10710 M)
=-00591%x10=-0.591V.

Q15. The electrical resistance of a column of
0.05mol L1 NaOH solution of diameter 1 cm and
length 50 cm is 5.55 x 10° ohm. Calculate the
conductivity. (CBSE2023)

Sol. Given, length of column, [ = 50 cm
Diameter of column = 1cm
Radlus = 0.5 cm

Electrical resistance of column,
R« 5.55 x 103 oghm

AR
We know that, resistivity, P = L

N (rcr2)xR

[
314 x(0.5)* x5.55x 10
50

0.785x5.55x 103
50

=B87135 Q0 cm

1
Conductivity, k= E

1
" B7.135Qcm

= 0.0147 Scm!
Hence. the required conductivity ls 0.01147 Scm,

Q16. Define molar conductivity for the solution of an
electrolyte. How does it vary with concentration?

Ans. Molar conductivity of a soluton at a given
concentration Is defined as the conductance of the
electrolytic solution kept between the electrodes of
a conductivity cell at unit distance but having area
of cross-section large enough to accommodate
sufficlent volume of salution that contalns one mole
of the electrolyte.
Molar conductlvity Increases with decrease In
concentration because total volume V of solution
contalning one mole of electralyte also Increases.

Q17. The resistance and conductivity of a conductivity
cell containing 0.001 M KCl solution of 298K are
1200 0 and 1.5 x 10~* S cm1, Calculate its cell
constant and molar conductivity. (CBSE 2022 Tarm-2)

Sol. Cell constant = Conductivity x Resistance
w15 % 10-% x 1200
= 018 cm-!
1000 x Conductivity

Molar conductlvity (A,) = Molarity

1000x15x107
- 0.001
=150 cm?Zmol-.

Q18. The conductivity of 0.001 M acetic acid is
7.8 x 10°° S cml Calculate its degree of
dissociation if A° _for aceticacid Is 390 S cm?mol,

(CBSE 2022 Terni-2)

.. 1000 x Conductivity

Molarity
_1000x7.8x107°
0.001
=785 cm?mol-!

A

Degree of dissoclation (a) = =& = 78 i
A 380 —

Q19. (i) Why on dilution the A, of CH;COOH increases
very fast, while that of CH,COONa increases
gradually?

SolL.  Molar conductivity (A,,)

(ii)) What happens if external potential applied
becomes greater than £ of electrochemical
cell? (CBSE 2022 Tarmi-2)

Ans. (i) In case of CH;COOH which is a weak electrolyte.

the number of lons increase on dilution due to
an Increase In degree of dissoclation resulting in
drastic Increase In A,
In the case of CH,COONa which Is a strong
electrolyte. the number of lons remains the same
but the inter-ionic attraction decreases resulting
in gradual increase in A,

(i) If external potential applied becomes greater
than €, of electrochemical cell. the reaction gets
reversed. It now functions as an electrolytic cell

Q 20. With the help of a graph explain why it is not
possible to determine AS, for a weak electrolyte
by extrapolating the molar conductivity (A ) versus
C%/2 curve as for strong electrolyte. (CBSE2023)

Ans. Weak electrolytes have lower degree of dissoclation
at higher concentrations and hence for such
electrolytes. the change
in A, with dilution Is
due to increase in the
degree of dissaclation
and consequently. the
number of lons In total A
volume of solutlon
that contalns 1 mole of
electrolyte. On dilutlon,
A, Increases steeply
especlally near lower concentrations. Hence, A7,
cannot be obtained by extrapolation of A_, to zero

CH,COOH
(Waak electrolyla)

Kgy
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concentration as for strong electrolyte. For strong
electrolytes. A, Increases slowly with dilution and Is
represented by A, = A, — ACY?
On plotting A, agalnst (V2 a straight line is obtalned
with intercept equal to A7 and slope equal to —A.
Q2L On diluting two electrolytes A and B, the A, of A
increases 25 times while that of ‘B’ increases by
1.5 times. Which of the two electrolytes is strong?
Justify your answer graphically. (CBSE 2023)
Ans. B is a strong electrolyte. The molar conductivity
Increases slowly with dilution as there Is no Increase
in number of ions on dilution as strong electrolytes
are completely dissoclated.
The graph can be shown as follows:
A S(rg

9 oy
o,
ab")’(’e

Weak sleclrolyte

T

Q 22. Write a short note on electrolytic cell.

Ans. The cell which converts electrical energy Into
chemlcal energy is called electrolytic cell In it. anode
is positive terminal and cathode is negative terminal.
Electricity Is given by external sources like battery or
some other sources. In this cell bath the electrodes
are dipped In the same electrolytic solution filled in a
vessel Here no salt bridge or porous pot Is used. e.g.
when electricity Is passed using two electrodes in the
solution of ZnCL.. it gets decomposed. Here, oxidation
takes place at anode and reduction takes place at
cathode In the followlng manner:

ZnCly(aq) == Zn(s) +Cl,(g)
cathode anode
le. ZnCly(og) == + Zn?'(0q) + 2Cl~(aq)
At anode: 2C1~(aq) — Cl,(g) + 2e~ (oxidation)
At cathode: Zn?*(0q) + 2e”—-» Zn(s) (reduction)

TiP.

Electrical energy Is used to carry oul non-spontancous
chemical reactions.

Q 23. Write the Faraday's first law of electrolysis.
(COSE2015)

Ans. According to Faraday's first law. when electridty
Is passed through the solutlon of an electrolyte,
the amount of substance deposited at any of the
electrode Is directly proportional to the quantity of
electricity passed through the electrolyte (solution or

melt). Le.,

=] WeQoWeZxQ = WelZxixt
where, Q@ = charge (in coulomb), | « current
(In ampere)

t « time (In second) and Z = electrochemical
equivalent.

G- TiP

Q 24. Give the Faraday's second Law of electrolysis.

Write the law as stated. Stick to the statement as the
marks are allotted to that only.

Ans. Accarding to Faraday's second law. the amount of
different substances liberated by the same quantity
af electricity passing through the electrolytic solution
are proportional to thelr equlvalent welghts. Le.

W, = £ and W, = E,

Wy e

E, E, £y
where W, W, W,... are masses of substances 1. 2.
3. ... respectively and E, E, E; are thelr respective
equivalent welghts.

Q 25. Write the name of the cell which is generally used
in hearing aids. Write the reactions taking place at
the anode and the cathode of this cell. (c85E2017)

Ans. Mercury cellis generally used in hearing aids.
Reactions In Mercury Cell:

At anode:
Zn(s) + 20H" —~ Zn0(s) + H,0(() + 2e
At cathode:
HgO(s) + H,0(() + 2e~ —- Hg(() + 20H-
Overall reaction:
Zn(s) + He0(s) —— Zn0(s) + Hg(()

ERRQOR »

Students often make mistake In writing electrode
reactions for different cells.

Q 26. Write the name of the cell which is generally used
in transistors. Write the reactlons taking place at
the anode and the cathode of this cell. (c8sE2017)

Ans. Leclanche cell is commonly used In transistors. The
electrode reactions of Leclanche cell can be written
as:

At anode: Zn (s)—- Zn? + 2e
At cathode: MnO, +NH; +e~ —— MnO(QH) +NHy

NH; produced in the reaction at cathode farms a
complex with Zn?* to give (Zn (NH,),)%".
Q27. Glve reasons:
(i) Mercury cell delivers a constant potential
during its life time.
(ii) In the experimental determination of
electrolytic conductance, Direct Current (DC) is
not used. (COSE 2023)
Ans. (I) Thig Is because the overall reaction in mercury
cell does not Involve any lon In solutlon whose
concentration can change during Its life time.
(i) This is due to the following reasons:

(a) On using DC. electrolysis will occur and the
concentration of the solutian will change with
tme.

(b) Using DC will polarise the electrodes and
electrolyte leading to an error In measured

conductlvity.

L
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Q28.

Q29.

Ans.

Q 30.

Ans.

Lead storage battery Is a secondary cell which can be
recharged by passing direct current through it.

Define fuel cell with an example. What advantages
do the fuel cells have over primary and secondary
batteries? (CBSE2023)

. Fuel Cell The galvanlc cells which are deslgned

to convert the energy of combustion of fuels like

hydrogen. methane etc. directly into electrical energy

are called fuel cells. These cells are 70%. more
efficlent as compared to thermal plants and are
pollution free e.g. Hydrogen-oxygen fuel cell

Fuel cells have the following advantages over primary

and secondary batteries:

(I) Fuel cells run continuously as long as the
reactants are suppled and products are removed
continuously.

(i) Fuel cells convert the energy of combustion of
fuels into electrical energy and are highly efficient.

Name the cell which:

(1) was used in Apollo Space programme.

(ii) is used in automobiles and inverters.

(i) is suitable for hearing aids and watches.
(iv) does not give a steady potential and is used in
transistors. (CBSE 2023)
() Fuel cell
(ii) Lead storage battery
() Mercury cell
(iv) Dry cell or Leclanche cell

Write the name of the cell which is generally used

in Inverters. Write the reactions taking place at the

anode and the cathode of this cell. (CBSE 2017)

Lead storage battery is used in inverters. In this. the
anode Is made of spongy lead and the cathode Is a
grid of lead packed with lead dioxide. The electrolyte
used Is H,50, (389 by mass).
At anode:

Pb(s) + 507 (ag) —>PbS0,(s) + 2e”

At cathade:

PbO,(s) + SOZ(aq) + 4H" (ag) + 2" — PbSO,(s)

2H,0(1)

The overall cell renction:
Pb(s) + Pb0,(s) + H,50,(0g) — 2PbS0,(s)

+ 2H,0(0)

On recharglng the battery. the reaction Is reversed
2PbS0,(s) + 2H,0(l) —>

Pb(s) + PbO,(s) + 2H,50, (aq)

TiP

Q3L

Corroslon is an electrochemical phenomenon. The

oxygen in molst air reacts as follows:

0,(9) + 2H,0(() + 4¢~ — 40H(aq).

Write down the possible reactions for corrosion

of zinc occurring at anode, cathode and overall

reaction to form a white layer of zinc hydroxide.
(CBSESQP 2022-23)

Ans.

Q32

Ans.

The possible reactions for corroslon of zinc occurring
at anode and cathode and overall reaction to form a
white layer of zinc hydroxide are as shown:
Anade: Zn(s) ——— Zn?* (aq) + 2e-
Cathode: 0,(g) + 2H,0(() + 4e~—-—> 40H" (agq)
Overall: 2Zn(s) + 0,(g) + 2H,0(0) > 2Zn?* (0q)
+40H (aq)
2Zn(s) + 0,(g) + 2H,0(() — 2Zn(0H),(ppt)
Using E° values of X and Y given below, predict
which is better for coating the surface of iron to
prevent corrosion and why? (CBSE 2023)
Given: E®y2. = -2.36 V
E°p,=-0.14V
Epo2e /gy = —0.44V
The oxidation potentials of elements isimportant to be
consldered here because corrosion Is a phenomenon
of oxidatlon of Iron. Element having higher axidation
potential than Fe oxidises faster than Iron preventing
its corrosion
The oxidation potential of X is higher than iron so it
can be used for coating the surface of iron in order to
prevent corrasion.

"' Short Answer Type-Ii Questions N

QL

Ans.

Q2.

Ans.

What is redox potential? Explain.

The potentlal difference developed In the equilibrium
between metal and ions of the solution. when
oxidation and reduction reactions take place in the
cell Is called redox potentlal

Example: Ox +ne” w..> Red
Madising Reducing
agent agent

If the potentlal of the cell Is E. then cancentration of
oxidising agent (Ox) and concentration of reducing
agent (Red) at 2%° are related ag:

0.0591 (Ox)
wEC {
EwE®+ - 0Big [Red]

(Red)
0 [Ox)

Here. £'» Redox potentlal. n = number of electrons
accepted by oxidising agent (Ox). By accepting them,
the oxidising agent gets converted into its reducing
agent form (Red). Above equatlon I called Nernst
equation. eq.

For M(s) = M™ (aq) + ne-

0.0591 %
- log,q (M)

o EcE"mD'DSQ}

log

EI:EU_

Describe standard hydrogen electrode along with
the figure and write an application of it.

Standard Hydrogen Electrode: The standard
hydrogen electrode consists of a platinum electrode
coated with a layer of platinum black To make this
electrode. a thin plate of platinum metal ls dipped In
chloroplatinic acld and then AC current Is passed. Oue
to this, it is coated by a layer of platinum black.

L
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- Pt
Glass
mbe\
—————H, gas at
almospheric
M : pressure

_-Platinum black

3 H.solutjon
_— (1 molar)

Standard hydrogen electrode
This plate Is surrounded by a glass plate (as shown In
the fig.). which contains an opening at the upper side
for the passage of hydrogen gas at one atmospheric
pressure and another opening at the lower slde to
release rest of the hydrogen gas. This electrode Is
dipped In a 1M solution of hydrogen lon (Le. 1.OM
HCl). In this solutlon. at atmospheric pressure.
saome of the pure hydrogen gas gets adsarbed
over the platinum surface and the remaining gets
dissolved in one molar solution of the acld. Thus,
an equilibrium develops between the hydrogen gas
adsorbed aver platinum electrode and hydrogen
lons present In the solution.

H, = 2H*(aq) + 2e

It can also be expressed In the following manner:

H,(9). PtIH* (0q) or PtIH,(g)IH*(aq)
p=1atmosphere (a=101M)  p=1atmasphere (a o LON)

The electrode potentlal of Standard Hydrogen
Electrode (SHE) Is taken as zero (0.0000 V).

TiPS
e The value of the oxidation potential of the same cell
reaction will be the same with the sign reversed.

e Sometimes melals (ike Pt or gold are used as Inert
electrodes.
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Qa.

Applications: It is used to calculate standard
electrode potential of an electrode. For this. a
galvanic cell Is constructed by using the electrade
(electrode potentlal of which Is to be calculated)
and a standard hydrogen electrode and the cell
potential (or emf) is calculated. This emf is the
standard electrode potentlal of that electrode with
respect to hydrogen.

Calculate the emf of the following cell at 298 K:
Fe(s) | Fe?* (0.001 M || H® (0.01 M) + H,(g) (1 bar) |
Pt(s)

Given that E2 =+ 0.44V

(log 2 « 0.3010 log 3 ~ 0.4771 log 10 = 1]

(COSE 2022 Tarm-2)

Sol.

Q4.

Sol.

Qs.

Sol.

Qé.

S

ol.

TiP:
Do more practice of numericals based on Nernst
equatlan.

The cell reaction is

Fe(s) + 2H*(aq) —- Fe?*(aq) + H,(q)

L Nm?

According to Nernst equation. at 298 K.

23
0059, _[(Fe®’]

E

m

coll coll n [Hi ]2
04400591, (000)
2 (0.01)?

=044 —0.02555 log(10)
=044 -0.02955 = 041045 V.
Write the Nernst equation and calculate the emf of
the following cell at 298 K:
Zn|Zn% (0.001 M) || H* (0.01 M) | H,(g) (1 bar) | Pt (s)
Given: = 076V
E;t“/Hz =0.00V [log 10 =1]
(CBSE 2023,2022 Term-2)
Bl = B, — Ein= 0 = (-0.76) = 0.76 V
Cell reaction Is:
Zn(s) + 2H*(oq) —— Zn?*(aq) + H,(qg)

Ln=2
2s
Nernst equation Is: €. = €y 253! lo 2™ )
n [H} ]2
L 076 - 0.0591 o (0.001)
2 (0.01)

=076 -0.02955 log 10
=0.76-0.02955 =0.73045 V
Calculate A G° and log K, for the following cell:
Ni(s) -+ 2Ag‘(aq) NiZ*(aq) + 2Ag(s)
Given that £/ = 1.05V, IF - 96,500 C mol-!
(CBSE 2022 Term-2)
Here, a2

We know that AG° w--nF E°
=-2 x 96500 x 105

=-202650 J/mol
w ~202.650 kJ/mol
Also. E i =D‘059]loch
E. . xn 105x2
= lopk =-—ell__ o =3553
OB% = Q0591 " Oos9 | ===

Calculate the emf of the following cell. Also predict,
which electrode is positive terminal and which one
is negative terminal. Write the half-cell reaction
and overall reaction occurring in the cell.
Ni | Ni2* (0.1 M) || Ag* (0.1M) | Ag
E®\2ey=—0.25Vand £, . o =+ 0.80V

For the cell
NI | NiZ° (0.01 M) || Ag’ (0IM) | Ag
the half-cell reactions are as follows:

L
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At anode (at negative terminal):

(i) Ni(s) — Ni2® (aq) + 2e~ (oxidation)
At cathode (at posltive terminal):

(if)

2Ag" (0g) + 26 — 2Ag(s) (reduction)

Cell reaction: Ni(s)+2Ag*(0g)==—== Ni**(aq) + 2Ag(s)

Q7.

Sol.

Q8.

Standard emf of cell (€7.4) = (€7, o0 — Elis :J

= Ej-\g'ff\g = E\om
=080-(-025) V=105V
From Nernst equation,
. 00591 INZ* (aq))
Eeou = Ecen = = %8 (ag’ (ag))?
where.n=2 £7,,=105V
(NI2* (og)) = 01 M and (Ag* (0g)) = 01 M

T U.U59]l0 0.
emf aof the ce (Ecull) =105- 2 gID [01]2
a0 log, 10
2
0 105 - 0.0591 .

2

=(1.05-0.0295) V=10205 V.
The cell in which the following reaction occurs
2Fe*" (ag) + 2I (ag) — 2Fe’* (ag) + I, (s) has
Eg,y = 0.236 V at 298 K. Calculate the standard
Gibbs energy and the equilibrium constant of the
cell reaction. (NCERT INTEXT)
The two half-cell reactions are as follows:
2Fe3* 4 2@ vy 2F@2
] pe— |2 + 2e
Thus. for this reaction. n=2
AG w - nFE
=—(2mol)x(96500Cmol~")x(0.236V)
w - 45548 C-V or

=— 4555 kJ
Further, A G’ - 2.303 RT log k,
-AG°
2303 RT
+4555K)

" 2303 x8314 %10~ KK x 298K

w 7983
and K= Antilog (7.983) = 9.616 x 107
Thus. the standard Glbbs energy of the cell is
—-4555 kJ and its equilibrium constant s
9.616 x 107.
Calculate the emf of the following cell at 25°C:
Al (s) | Al3* (0.001 M) || (0.1) NI%“| Ni (s)
Glven: E(Niz«/m) = 0.25V

ar log k=

Epseyay = 166V

[log 2 = 0.3010, log 3 = 0.4771]
(COSE 2023, 19)

SoL Given. g2+, =-025V

0

g TN Y
Ecell = Ecathode i El;mode
s Ecett = Epvryng) ™ Eqadry

=(-025V)-(-166V) =141V
According to the cell reaction. n=6
Now. using Nernst equatian.
; 3
. _ 00591 (Al s

cell = T [Ni2°]3
Putting values, we get

0.0591, (1072)?

oy = 141- log( _|)3
6 (107)

0.0591
6

E.."E

cell

E

= U= (log(10°°) - log(10°3))

0.0591
6

0.0591
6

Sh e

(-6log10+3log10)

= 141- (-6+3)

@ 141~

S w14

0.0591
2

=14395 V.

ERRQR -

Students tend to forget mentioning the formula and
start the calculations or do not mention the units. Marks
are allotted for formulas and units too.

Q9. (i) The cell in which the following reaction occurs:
2Fe*'(aq) + 217(aq) —— 2Fe?*(aqg) +1,(s)
has :ell = 0.236V at 298K. Calculate the
standard Gibbs energy of the cell reaction.
(Given: 1F = 96,500 C mol-1)

(ii) How many electrans flow through a metallic
wire if a current of 0.5 A is passed for 2 hours?
(Given: 1F = 96,500 C mol™) (CBSE 2017)
Sol. (i) Standard Gibbs free energy is given by the following

expresslons:

AG°=-nFECy,

where, n=number of moles of electrons transferred.
F = Faraday's constant = 96.500 C mol~",

E

Two half-reactlons for the glven redox reaction can
be written as:
2Fe¥ (aq) + 2 ——- 2Fe?*(aq)
2I-(aq) ——- 1,(s) + 2e~
2 moles of electrons are Involved In the reaction,
hence nw 2
Therefare, by substituting all the values in eq. (1), vie

get

E@ll w cell canstant.

A,.G’=={2mol) x (96500 C mal-') x (0.236 V)
w - 45548 )
5.6 ==0555 kJ

L
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(i) Given, current (f) « 0.5 A, time (t) « 2h
Quantity of charge (Q) passed = jx t
=(0.5A) x (2h)
= (0.5A) x (2x60x60 g)
=3600 C
Again. Q= ne”
where, n= number of electrons
e « charge on electron
nugzﬂ.azzg,(]xm@
e~ 16x1079C
Thus. number of electrons = 2.250 x 1022
Q10. (i) Calculate the mass of Ag deposited at cathode
when a current of 2 amperes was passed
through a solution of AgNO, for 15 minutes.
(Given: Molar mass of Ag = 108 g mol™,
1F = 96500 Cmol™)
(ii) Define fuel cell.
SoL (i) Given, current (/) = 2A. time (t) = 15 min
Quantity of electricity passed will be Q
=lxt=2x15%x60=1800C
Electrolysls of AgNO,
Ag"+ & —— Ag(s)
Atomic mass of Ag = 108 g mol-!
As, 96500 C deposit 108 g of Ag
108x1800
96500

=2014 g of Ag

(CBSE2017)

. 1800 C will depasit = g of Ag

TiP
To find out the mass of Ag deposited at cathode, we

first need to find the quantity of electricity passed using
Faraday’s law.

(li) Fuel Cell: The galvanic cells in which chemical
energy of combustion of fuels like hydrogen,
methane etc. is converted Into electrical energy
are called fuel cells.

Q1L (i) Why does the blue colour of aqueous solution
of CuSO, disappear slowly when an iron rod Is
kept into it? Explain.

(1) Iron displaces copper from copper sulphate
solution but platinum does not displace copper.
Why?

Ans. (i) Inelectrochemicalserles.Fels placed below Cu. le.
its € is mare negative than E°¢.. So. It displaces

copper (Cu) from the CuSO, solution. Due to this.

the blue colour of the solution disappears slowly,.
CusO, (0q) + Fe(s) —- FeS0,(aq) + Cu(s)d
() Standard electrode potential of fe Is more
negative as compared to that aof Cu. So. Fe can
displace Cu from CuS0, salution.
CuS0,(aq) + Fe(s) —» FeS0,(aq) + Cu(s)¢
On the other hand. electrode potentlal of Pt Is
less negative or more positive as compared to Cu.
Hence. Pt cannat displace Cu from Cu50, solution.

Q 12. Define conductivity and describe the relationship
between conductivity and resistance.

Ans. Conductivity: The inverse of reslistlvity Is called the

conductivity or specific conductance. The conductance
of an electrolytic solution placed between the
electrodes having area of cross-section one cm? and
which are one cm apart from each ather Is called
conductivity or specific conductance. It s represented
by the Greek letter k (kappa). Its SI units Is Sm~! but
quite aften, It is expressed In Gcm~.
Relationship between Conductivity and Resistance:
We know that the electrical resistance of any object
is directly proportional to its length [ and inversely
propartional to its area of cross-section A i.e.

l [
Roc — Rwp— ()
A ar pA

Here, the constant of proportionality p (rho) is called
resistivity.

So. resistivity p :#
Further. canductivity m;
resistivity
1.1 1.0 13
Koo OF E—x—=—x(3
p RA CRATR

Here, L or G Is called cell constant.

50, conductivity xcell constant.
resistivity
Q 13. StateKohlrausch law for the independent migration
of ions. Mention the application of the law.
(CBSE 2015)
Ans. Kohlrausch Law: To calculate the molar conductivity
(at Infinite dilution) of weak electrolytes, Kohlrausch
gave a law. called Kohlrausch law. According to this
law, at Infinite dilution, the molar conductivity of an
electrolyte can be represented as the sum af lonlc
molar conductlvities of itg all the catlons and anlons
AppUcation of Kohlrausch Law: An important
applUcation of Kohlrausch law is the calculation of
molar conductivity of weak electrolyte at infinite
dilution. For example. at infinite dilution. the
value of molar conductivity (Ay,) of acetlc acld Is
calculated using the molar conductivities of strong
electrolytes like hydrochloric acid (HCL). sodium
acetate (CH;COONa) and sodlum chloride (NaCl).
Suppose the values of molar conductivities of
these electrolytes are x. y and z respectively, then
according to Kehlrausch law,

0

A® o\ A
m (CH3C00H) ® *(en co07) ™ ()

Am (e =X = Ay HAae) ()
Am (0yc0000) =Y Arll_HaCDD'} % k(D;.m‘) .(2)
Amuact) = 2@ Moy + ) Q)
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On subtracting eq. (3) from the sum of eqs. (1) and ~ Q16. The electrical resistance of a column of 0.05 M
(2], we get KOH solution of diameter 1 cm and length 45.5 cm
A Het) * Am (CH,COONa) ~ A (NaCl) is 4.55 x 10% ohm. Calculate its molar conductivity.
@A™ + A (CBSE2017)
m{(CHyCDO™)  “m (H*) Sol Given. concentration of KOH (M) = 0.05 M
R (045c004) v - diameter = 1 cm; radius (r) = L em,
en. the value of An, ey coon) can be calcu ate
by substituting the values of x. y and z electrical resistance (R) = 4.55 x10% ohm.
Q14. Conductivity of 0.025 mol L-! methanoic acid : 2
is 46.1S cm? mol™l. Calculate its degree of . 314
Fth oo w3dlax| =] o222
dissoclation and dissoclation constant. s Ll 2 4
(Given ., = 34965 cm’ mol”! = 0.785 cm?
Resistivity, e RA o 455 10°Qx0.785 5 cm?
» 2 aq : =e—o=
and = R(HCDU') =54.6 5cm” mol™ ) (NCERT INTEXT) ( 455
Sol A W 349.6+54.6 -
ol =A,+ =349.6+54.
HCOQH) = My -
o H" - Ho Conductivity, x=1=—— -0.0127Scm™
= 404.2 5 cm? mol™! p 7BEQom
i = 46. 2 mal™ ’
Given. A, HcooH) 6.15 cm* mol Mol comdiacBdbe & o %% 1000
~. Degree of dissoclation, L M
goAm __4615cm” mol™! _ 001271000
A, 404.2Scm? mol™ 0.05
= 0114 or 11.4% = 25477 5 cm?mol-!
HCOOH = HCOO-+ H* Q17. What are fuel cells? Describe the hydrogen-oxygen
Initial concentration cmoll! 0 O fuel cell in brief.
Concentratlon at equillbrium c(1-a) ca ca Ans. Fuel Cells: The galvanic cells which are deslgned
Pl OE. R to convert the energy of combustion of fuels lke
kg = c(1-a) i T hydrogen, methane etc. directly Into electrical energy
are called fuel cells. These cells are 70% more
0.025 x ({]‘114)2 367 x 10~ efficient as compared to thermal plants and are
= (1-0.114) cERLs pollution free e.q. Hydrogen-oxygen fuel cell
= H,0 ’
Q15. (i) Can we construct an electrochemical cell with Anode”) f— ({}Cnmoda
two half-cells composed of ZnSO,, solution and ’ | T_ﬁj
zinc electrodes? Explain your answer. ( < ) Aqueous
(i) Calculate the A2, for CL"ion from the data given ki
below:
A% tgery © 258.6 Sem? mol~

and A%, bigy+ = 106 Scm? mal=?

(ili) The cell constant of a conductivity cell is
0.146 cm~1, What Is the conductivity of 0.01M
solution of an electrolyte at 298 K, if the
resistance of the cell is 1000 ohm?

(CBSE SQP 2023-24)
Ans. (1) Yes, If the concentration of ZnSO, In the two half

H, »— —<+0,

Fuol coll using H, and O, to produco aloctricity

Hydrogen-oxygen fuel cell: In this cell hydrogen
and oxygen gases are bubbled through porous
carbon electrodes into concentrated aqueous NaOH
cell Is different, the electrode potentlal will be solutlon. Catalysts such as finely divided Pt or Pd
different making the cell posslble. metals are incorporated into the electrodes for
(I) We have, A°, g & X s+ 2 i ralsing th.cf rate of electrode reactlon.l
i g The electrode reactlon are as follows:
258.6 =106 + 207, () .
g 2”‘{ ; At cathode: O,(g) + 2H,0(/) + 4¢~ - 40H(0q)
A o = 763 Scm? mol At anode: 2H,(g) + 40H~(aq) — 4H,0(/) + 4e~
(i) We know that cell constant, Overall cell reaction ls
G'mkxR 2H,(g) + 0yg) - 2H,0(1)
k= G*/R The water vapours produced during the reactlon are
= 0.146/1000 condensed and can be used for drinking purpose.
= 146 x 1074 Sem™! The cell rung continuously as long as the reactants

Hence, the conductivity is 146 x 10~ Scm!,

are supplied.

L
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Fu

never become dead due to continuous supply of fuel.

el cells are pollution free, efficient upto 70% and

Q 18. What are primary cells? Describe dry cell in short.
Ans. Primary Cells: These are the cells in which the

reactlon occurs only once and after use over a
period of time, the cell becomes dead and cannot be
reused again e.g. dry cell (or Leclanche cell).

Dry Cell: It Is also called Leclanche cell This cell
contains a zinc container, which also acts as
anode and a carbon (graphite) rod surrounded by
powdered Mn0O, and carbon or charcoal. which acts
as cathode. The space between the electrodes is
filled by a molst paste of ammonium chloride NH,CL

the iron surface. Drops of water containing CO, and
O, form a layer over the iron surface. Dissolved CO,
increases the conductivity of water and hence, it

acts as electrolyte solution.

— - B =
C0,+H,0 = 2H" +C02

Iron atoms act as anade and take part In reduction
half-reaction. Thus, a small electrochemical cell

sets up at the Iron surface.

In acldic medium. following chemical reactions

takes place during rusting of Iron.
At anode:

At cathode: 0,(g) + 4H* (aq) + 4e~ — 2H,0(/)

(reduction)

Fe(s) —» Fe?” (og) + 2e (oxIdatlon)

and zinc chloride ZnCl,,

At anade:
At cathode:  MnO, +NH; +e~ — Mn0 (OH) + NH,

The electrode reactlons are as follows:

Zn(s) —» Zn2* +2¢~

Ammonia formed during the reaction forms a
complex with Zn?" to glve (Zn(NH,)J?". The cell
generates a potentlal of nearly 1.5 V.

Q19. Distinquish between electrolytic cell and galvanic

(iv)|External

source of
electrical
energy

(v) |Position af
electrodes

(vi) |Salt bridge

cell.
Ans. Difference between electrolytic cell and galvanic
cell
| Basis of | goctrolytic cell | Galvanic cell
No.| Difference ectrolytic ce alvanic ce
(1) |Energy In this cell|In this cell chemical
converslon |electrical  energy|energy is converted
is converted Into|into electrical energy.
chemlcal energy.
(il) [Anode In it, anode Is the|ln It. anode s the
polarity  |positive termlnal [negative terminal
(iii) [Cathode  |Here. cathode ls the|Here. cathode [s the
polarity negative terminal |posltive terminal

It is necessary to

No need of using

use a battery or

external source of

any other source of
electrical energy in
its external clrcult.

Both the electrodes

electrical energy In It

Here two electrodes

are dipped In an

aredippedinseparate

electrolyte solution

vessels having

present in  the
same vessel

Here. salt bridge

solutlons of different
electrolytes.

Here. salt bridge

or porous vessel [s

ar porous vessel Is

not used.

used.

Q 20. Explain how rusting of iran is envisaged as setting

Atmospheric oxidation:
ZFez*(aq)+2H20(.')+-;-02(g) ——> Fey05 (s) +4H"

This Fe,0, gets hydrolysed to form red brown
powder of rust (Fe,0,. xH,0).

-§) Long Answer Tupe Questions N

QL (i) Write the cell reaction and calculate the emf of
the following cell at 298 K:
Sn(s) | Sn?'(0.004 M) || H* (0.020 M) | H, (9)
(1 bar) | Pt (s)

(Given: E;nz* =-0.14V)

/Sn
(1) Give reasons:

(a) On the basis of E° values, O, gas should be

liberated at anode but it is CL, gas which is

Lliberated in the electrolysis of aqueous NaCl.

(b) Conductivity of CH;COOH decreases on

dilution. (COSE2018)
Sol. (i) Sn(s) 15n2* (0.004 M) || H* (0.020 M) | Hz{g) (1bar)
| Pt(s)
Cell reactlon Is
Sn + 2H"(0.020M) —> Snz*(D‘D[JA M) + H, (1 bar)

a "Eﬂ

Ecen "‘"E[H,_iHZ] (sn?* /5n)
2
=0—(-014V)=0+014V =014V
For calculation of emf. we apply Nernst equation:

Bk _UDBEHIO [5n2+]po2
cell — ~eell R B [H+]2

_00591,__(0.004)x1
2 (0.020)?

00591, _ 0.004
=0.14- log
7 850004

w0.14

——————————————————————————————————ﬂ
wn

up of an electrochemical cell. (NCERT INTEXY)

Ans. Mechanism of Corrosion (rusting of iron): Rusting

of Iron Is an electrochemlcal process. It results In
the formation of an electrochemical substance at

0.0591

w0.14 -

log10 «0.14 - 0'0259|

o 0NV

L
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Clarify your calculation with suitable steps. Missing
steps leads to marks deduction.

(i) (a)

TiP:

Conductivity decreases with decrease in concentration for
all electrolytes (weak or strong) as the number of ions per
unit volume that carry the current in a solution decreases
on dilution.

From standard oxidation potentlal it Is clear that
oxygen gas should be evolved at anode but its rate
of evolution is very low. In order to increase this.
vre have toincrease the voltage of external battery.
Because of which chloride lons get oxidised easily
and Cl, gas is evolved at anode.
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(b)

On dilution. number of CH;COOH lons per unit
volume decreases.

Hence, conductivity decreases.

Note: Conductlvity decreases with decrease In
concentration for all electrolytes (weak ar strong)
as the number of ions per unit volume that carry the
current in a solution decreases on dilution.

Q2. (i)

()

(iii)

(ii)

(D)

Molar conductivity of substance ‘A" s
5.9 x 103 S/m and 'B'is 1 x 10-1¢ S/m. Which
of the two is most likely to be copper metal and
why?
What is the quantity 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
molten CaCl,? (Atomic mass of Mg = 24u,
atomic mass of Ca = 40 u).
What is the standard free energy change for the
following reaction at room temperature? Is the
reaction spontaneous?
Sn(s) + 2Cu?" (ag) — Sn2* (ag) + 2Cu* (s)
(CBSESQP 2022-23)

Ans. (I) Since metals are conductors g0, they have high

value aof conductivity. Here, the molar conductivity
of substance A is more than that of B.50 A ls most
likely to be copper metal
Mg2’ + 2= Mg
1 mole of magnesium ions gains two moles of
electrons ar 2F to form 1 mole of Mg
1mole of Mg = 24 g Mg
l.e. 24 g Mg requires 2F electricity
4.8 g Mg requlires 2 x 4.8/24 = 0.4
F=04%96500=38600C
Hence. 38600C of electricity Is required to
produce 4.8 g of Mg
Ca2r+2e~—~Ca
2F electricity s required to produce Tmole =40 g Ca
1.4 F electricity will produce 8 g Ca
Hence. 8 g of Ca will be produced.
Given reactlon ls:
Sn(s) + 2Cu?*(ag) —-» Sn?* (aq) + 2Cu?*(s)
We have, F = 96500C. no 2

Q3. (i)

(i)

SoL (i)

At anode:

Sn? (aq) + 2e~—- Sn(s): €°,, 40 =014 V
At cathode:

Cu? (aq) + e=—— Cu* (0q); E° yyrode = ~015 V
Ec(:?u ™ Encnthod\?_ Eannod@

=015-(-014)=0.29 V
Standard free energy change. AGy = —nFE®
= —2x 96500 x 0.29 = 55970 J/mol
If the Glbbs free energy for a process Is negatlve,
the process Is spontaneous but if the Glbbs Free
Energyis positive. the process is non-spontaneous.
In the given case, the Gibbs Free Energy is positive
so. the reaction is nan-spontaneous.
Conductivity of 2 x 107 M methanoic acid is
8 x 10-5 S em-1. Calculate its molar conductivity
and degree of dissociation if A7, for methanoic
acld is 404 Scm? mol-.
Calculate the A G° and log K. for the given
reaction at 298 K:
Ni(s) + 2Ag* (ag) == NiZ* (aq) + 2Ag(s)
Given: E° g2+ pq = —0.25 V, E® =-+0.80V
1F = 96500 C mol™! (CBSE 2023)
Glven, conductlvity (x) = 8 x 10-% Sem=!
Concentration (€) = 2 x 1073 M
We know that. molar conductivity (A,)
_1000x conductivity (x)
~ concentration (C)

cell

Ag*/Ag)

1000x8x107°
o

w40 S cm? mol-!
Also, A’ = 404 S cm? mol-!

A

A 4

Degree of dissoclation, a=—1 = OA =0.099
A

ar. a = 3.9%

Glven, Eu(m?-'m;) ==0.25V. Eowg‘fl\q) =+0.680V
E et B it ™ Bt
or. ™ Eagorag — € puzny
= 0.80 -(-0.25) =105V
For the reactlon,
n=2
ArGJ e '””FEUc.':U
=-2x96500 Cmol-'x 1.05V
=-202.650 kJ
Further, A, G° = +2.303 RT log k,
A G°

or, logKc = 2—;01"3?

- (-202.650KJ)
2.303x8314x102 kK" % 298K
=355
Thus, the value of A,G° I3 calculated as
-202.650 kJ and that of log K. Is 355,

(]
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Q4. (i) The molar conductivities of NH, and Cl” fon
are 73.8 S cm? mol™! and 76.2 S cm? mol™
respectively. The conductivity of 0.1 M NH,CL
is 1.29 x 102 S cm~L. Calculate its molar
conductivity and degree of dissociation.

(ii) Calculate the half-cell potential at 298 K for
the reaction
Zn%t + 2e-—— Zn
if [Zn**]=0.1Mand £°; 2., = -0.76 V
(CBSE 2023)
SoL (i) Given. conductivity (k) =129 x 10725 cm™!
Concentration (C) = 0.1 M
1000 x &
C

_1000x1.29x107*
01

=129 5 cm? mol-!

Ao{?matt} = AD(HHQ‘} + A%
= (73.8 +76.2) 5 tm? mol-!
=150 5 cm? mol-!
Degree of dlssoclatlon,

Molar conductivity (A,,) =

A
a=—0-= TR B6
AN]
ar, a=B6%
(Il) The electrode reactian Is
Zn2* +2e-—- Zn where n = 2
Applying Nernst equation.

e oike 00591 1
@) T @?rm) 2 E[anr]
00591, 1
=-076- log—
T

=-0.76 — 0.02955 = -0.78955 V
Hence. the half-cell potentlal Is —0.78955 V.

Q5. (i) State Kohlrausch's law of independent migration
of ions. Write an expression for the Llimiting
molar conductivity of acetlc acld according to
Kohlrausch's law.

(i) Calculate the maximum work and log k_for the
given reaction at 298 K:

Ni (s) + 2 Ag* (ag) == Ni%* (aq) + 2 Aqg (s)

Given: E°y 24y = -0.25V, E® pgosmg = 0.80V

1 F © 96500 C mol-! (CBSE 2023)
Ans. (1) Kohlrausch law of Independent migration of lons:

To calculate the molar conductivity (at infinite
dilution) of weak electrolytes, Kohlrausch gave
a law, called Kohlrausch law. According to this
law. at infinite dilution. the molar conductivity of
an electrolyte can be represented as the sum of
ionlc molar conductivities of its all the cations and
anions of the electrolyte.”

According to Kohlrausch law, the Umiting molar
conductivity of an electrolyte can be represented
as the sum of the Individual contributions of
the anlon and cation of the electrolyte. The

limiting molar conductivity of acetic acid can be
represented by the following expression:
Aom[maccxm} = A% (ougeo0) + A

(ii) Given, €°yg2:p =-0.25 V. E°(hg-ing = 1080V

o s o L= 7]
coll 3 =

cothode anodo
or. Elge Eu(ng"mgj - Ea(wz;”m
« 0.80 = (-0.25) = 1.05 V
For the reaction,
N=2
AG" =-nFE?,
w2 x 96500 C mol-'x 1.05 V
=-202650 K
Further, A,G°=-2303 RT log k.

o

Sl
2303RT

(-202.650K)
2303x8.314x1072 kKJK™' x 298K

= 355
Hence, the maximum work Is =202.650 kJ and
that of log k. is 35.5.

Q6. (i) State Faraday's first law of electrolysls. How
much charge, in terms of Faraday, is required for
the reduction of 1 mol Cu?* to Cu?

(i) Calculate emf of the following cell at 298 K for
Mg (s) | Mg?® (0.1 M) || Cu?* (0.01 M) | Cu (s)
[ESy = + 271 V, 1 F = 96500 C mol?,
log 10 = 1] (CBSE 2023)

Ans. (I) Faraday's firat law of electrolysls:

According to Faraday's first law, when electriclty
Is passed through the solutlon of an electrolyte.
the amount of substance deposited at any of the
electrode is directly proportional to the quantity of
electricity passed through the electrolyte (solution
or melt). Le.,

or. log ke =

(]

s Woe Q= W=27x0

WaoZxixt
where, Q = charge (in coulomb), [ « current (in
ampere)
t = time (In second) and Z - electrochemlcal
equivalent.

The electrode reactian will be
Cu?*(aq) -+ 2@~ w3 Cu ()

Here. ane mole of Cu?* require 2 mole of electrons.
Charge on one electron = 16021 x 10-'9C
Charge on one mole of electrans

o N, x 16021 x 10-19C

=6.02x 102 mol~'%1.6021x10719C

» 96487 C mal-!

w1 F (Faraday)
Hence, 2F charge Is required for the reduction of
1 mol Cu?* to Cu because one mole of Cu?* require
2 male of electrons Le. 2F charge.

L
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(ii) For the cell
Mg (s) | Mg2™ (01 M) |l Cu?" (0.01 M) | Cu(s). the
half-cell reaction are as fallows:
Mg —— Mg2® + 2e”

Cu?* + 2e-—— Cu

Mg + Cu2' —- Mg2" + Cu
n =2 (number of electrons Involved)
From Nernst equation,

- 00591, (Mg**
emf(Euy) =Eoy —————L0 [B—]

n (Cu®*)
[ s 1 0.0591 0.1
= g _ B, B
L[ (CUz*;cU)] (mg2? m;;)J 2 6aq

_ 570059

log 10

=+2.71-0.02955

=268045V
Hence, emf of the cell Is 2.68045 V.
Q7. (i) Why does the cell voltage of a mercury cell
remain canstant during its lifetime?

(ii) Write the reaction occurring at anode and
cathode and the products of electrolysis of
ag. KCl.

(iii) What is the pH of HCl solution when the
hydrogen gas electrode shows a potential of
—0.59 V at standard temperature and pressure?

(CBSESQP 2022-23)
Ans. () The cell voltage of a mercury cell remalns

constant during Its Ufetime as the overall reaction
does not involve any fon in solution whose

concentration can change during its life time.

(i) The reaction occurring at anode and cathode
and the products of electrolysis of ag. KCl are as
undar:

Electrolysls of aq. KCL: KCl (og) — K* (aq) + Cl-(aq)

At cathode: H,0 (() + e~ > 1/2 H, (g) + OH" (aq)

At anode: Cl~ (ag) - 1/2 CL, (og) + e~

Net reaction: KCl (ag) + H,0() — K* (ag) + OH- (aq)
+1/2H, (g) +1/2CL, (g)

(ill) Given, potentlal of hydrogen gas electrode
w—0.59 V
Electrode reactlon: H* + e=—- 0.5 H,
Applying Nernst equatian,

H 1/2
i 0.059 ()

€y “E 00 my) "8 H)
EO{H“U‘HZ) «0V= E (H*H,) ® -0.59V
Nl
(H,) =1 bar
-0.59=0-0.059 (-log (H"))
-0.59 « -0.059 pH
So. the pH of HCl solution s 10,

Q 8. (i) For the reaction:
2AgCl(s) + H,(g9) (1 atm) —— 2Ag(s) + 2H’
(0.1 M) + 2C (0.1 M), AG® = - 43600 J at 25°C.
Calculate the emf of the cell.  [log 107" = —n]
(ii) Define fuel cell and write its two advantages.
(CBSE 2023, 18)
Ans. (1) Glbbs energy of reaction Is

AG®=-n FE,

cell
Given. AG°=-43600J n=2.E

F » 96500 C mol-!
Putting the values in the formula. we get

43600 J = - 2x96500xE"

cell
; 43600
B oy | iy 1
cell [2x96500]

o

[}

cel

=7

Ecoll

w022V
Now using Nernst equation.
£ @ i].(J‘SCJl,‘J (Product)

ol - ‘
cell n [Reactant)

cell

00591, [(H AP

E . =E - log
cell n Hz(g)

cell

Putting values, we get

0.0591

cell = 0-22 ™ 2 iOg

E

(v ne2)

=022~ log(107)

0.0591
2

0.0591
Ecqy =022-—=

= (0.3382 V.

(Il) Fuel cell I a galvanic cell In which chemical
energy from combustion of fuels Is converted
into electrical energy. In this type of galvanic
cells, reactants are continuously feed to the
electrodes, which react to produce electricity and
products thus formed are continuously removed.
Fuel cells that are designed to convert the energy
of combustion of fuels Uke hydrogen. methane,
methanol etc. directly into electrical energy
are highly efficient (70%) when compared to
efficlency of thermal power plants (40%).

(-4)

(-) H,0 (+)
Anode T Cothodo
1* Aqueous
—1 | eclactrolylo
Hy »— —+0,
N el

Fual call

L
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Q9.

Ans.

The two advantages of fuel cell are:

(a) Fuel cells are pollution free.

(b) They never become dead due to continuous
supply of fuel

Briefly describe lead storage battery. Write the

reaction occurring at its anode and cathode.

Lead storage battery [s a secondary cell and it Is an

example of commerclal cell

It can be recharged by passing current through It In
the opposite direction so that it can be used again.
It can undergo a large number of discharging and
charging cycles. Its description is as follows:

Lead starage cell contains a Pb anode. The various
plates of cathode and anode are arranged In
alternating order and a porous plastic or fiber glass
sheet Is fitted In between them. All these plates
are dipped in acid (dilute H,50, 38% and density
1.30 g/em?3) which is filled in a hard rubber or plastic
vessel and acts as electrolyte.

At the time of discharging or when battery Is
generating electricity. the following reactions are used:

Atanode:  Pb(s)+ 507 (ag) — PbSO,, (s) + 2e”
At cathode:
PbO,(s) + 502" (aq) + 4H" (ag) + 2~
— PbS0,(s) +2H,0(/)

Net cell reaction:

Pb(s) +PbO, (s) + 2H,50, (0q) — 2PbS0, (s) + 2H,0(/)

Q10.

Anoda@ -
N

Calhodo
e

Frtrhrt el bt

Lau};! Laﬂd\dio)ddn
(Pb) (PbO,)

Dlute utjlphunc acld
(Dilule H,S0O)

Lead storage battery
This cell Is used in automobilles and Inverters. Each

such cell penerates 2V electricity so by combining
3 or 6 cells in series, 6-12 volt electricity can be

generated.
(i) Calculate AG® for the reaction
Zn(s) + Cu’“(ag) —— Zn?*(aq) + Cu(s)
Given: E° forZn?*/Zn=-0.76 V and
E° for Cu?*/Cu =+ 0.34V
R - 8.314 JK-! molt!
F=96500 C mol1,

(1) Give two advantages of fuel cells. (c0SE2020)

o

Sol. () €., =E

cell = “cathode ~ Eanode

=€ 100 12
w+034V-(-076V)
= 110V

We know that, AG™= -n E ., F

o -2 x 110 V x 96500 C mol-!
=- 212300 J mol-!
=~ 212.3 kI mal™!
(i) Advantages of Fuel Cells:
(a) They are pollution free.
(b) They are highly efficlent.

Q1L (i) Out of the following pairs, predict with reason
which palr will allow greater conduction of
electricity:

(a) Silver wire at 30°C or silver wire at 60°C.
(b) 0.1 MCH,COOH solution or 1 M CH,COOH
solution.
(c) KCl solution at 20°C or KCl solution at
50°C.
(ii) Give two points of differences between

electrochemical and electrolytic cells.
(CBSE 2020)

Ans. (i) (a) Silver wire at 30°C. because as temperature
decreases. resistance decreases so canduction
inCreases.

(b) 01 M CH,COOH: because on dilution degree
of lonisatlon Increases hence conduction
Increases.

(c) KCU solution at 50°C: because at high
temperature mobllity of lons Increases and
hence conduction Increases.

(ii) Difference between electrochemical and electrolytic
cells:

S Basls of Electrochemical

No.| DHference

Cell

Electralytic Cell

1. |Electrode
polarity

2 |Energy
conservation

Anode— negative
Cathode— positive

It converts
chemical energy

Anode—positive
Cathode—negative

It converts
electrical energy

to electrical

EI’IEFBY.

to chemical

GI’lEI'Ei'Y.
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@ Chapter Test

Multiple Choice Questions
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Q1. Match the Column I with Column Il and mark the
appropriate choice.

Column | Column Il
(A) Kahlrausch's law ) a= i\;”
4 m
G

(B) Molar conductivity (i K = —ia

(C) Degree of dissociation | () A2, =A% +AS

(D) Dissoclation constant | (iv) A_ =~

a. (A) - (iii). (8) = (iv). () - (i). (D) - (ii)
b. (A) - (i), (B) = (i), (C) - (i), (D) - (iv)
c. (A) - (w (8) = (1), (Q)— ), (D) — (ill)
d. (A) ). (B) = (). (C) — (iv). (D) = (1)

Q2. Which of the following statements is correct about
the given Daniell cell:

Electron flow

T
4—.
’_J‘ Current ‘+_

ZInc Salt brldge — Copper
F:'
- |
Solution containing salt Solutlon contalning salt
of zinc of copper

a. This cell converts the electrical energy Uberated
during the redox reaction to chemical energy.

b. This cell has an electrical patentlal greater than
11V when concentration of Zn?* and Cu?* lons Is
unity (1 mol dm-3).

¢. In this cell copper Is acting as cathode and zinc Is
acting as anode.

d. Redox reactlon occurring In this cell Is

Cu(s) + Zn**(aq) --—— Cu?*(aq) + Zn(s)

Q3. E°values of three metals are listed below:
Zn*'(aq) + 2e” — Zn(s); E£° = -0.76V
Fe?'(aq)+2e” — 2Fe(s); E° = -0.44V
Sn*'(aq)+ 2e” - Sn(s); €%« 014V

Which of the following statements are correct on
the basis of the above infarmation?

(i) Zinc will be corroded In preference to Iron if
zlnc coating Is braken on the surface.

(ii) I iron is coated with tin and the coating
is broken on the surface then iron will be
corroded.

(iii) Zinc is more reactive than iron but tin is less
reactive than iron.

a. (1) and (if) b. (i) and (iii)

c. (i), (i) and (iii) d. (i) and (iii)

Q4. Electrode potential for Mg electrode varies

according to the equation.
" 0.059 lo 1

E(Mg‘?'l]h‘lgg Mgi Mg 2 g[Mgza]

209 .,
The graph of EMgl"lhtgvs log [Mg“'] is:

T T

a EP b :1;

W Ty
log(Mg?*) - log[Mg?°) -

s K

2 ¥

£ B d £

g &

ujy w
log(Mg**) - log(Mg?*) -

Assertion and Reason Type Questions

Directions (Q. Nos. 5-6): Each of the following questions
consists of two statements, one is Assertion (A) and the other (s

Reason (R). Give answer:

a. Both Assertion (A) and Reason (R) are true and
Reason (R) is the carrect explanation of Assertion
(A).

b. Both Assertion (A) and Reason (R) are true but
Reasan (R) Is not the correct explanation of
Assertlan (A).

c. Assertian (A) Is true but Reason (R) Is false.

d. Assertlon (A) Is false but Reason (R) Is true.

Q5. Assertlon (A): Current stops flowing when £ = 0.
Reason (R): Equilibrium of the cell reaction is
attained.

Q6. Assertion (A): E,QU;M,\u

concentration of Ag” ions.

Reason (R): E, ./, has a positive value.

increases with increase in

Case Study Based Question

Q7. Alead storage battery is the most important type
of secondary cell having o lead anode and a grid
of lead packed with PbO, as cathode. A 38%

L
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solution of sulphuric acid is used as electrolyte.
(Density = 1.294 g mL™') The battery holds
3.5 L of the acid. During the discharge of
the battery, the density of H,SO, falls to
1.139 g mL™!. (20% H,SO, by mass).

Read the given passage carefully and give the
answer of the following questions:

(i) Write the reaction taking place at the cathode
when the battery is in use.

(ii) How much electricity in terms of Faraday is
required to carry out the reduction of one mole
of Pb0O,?

(iii) What is the molarity of sulphuric acid befare
discharge?
OR
Write the products of electrolysis when dilute
sulphuric acld is electrolysed using Platinum
electrodes.

Very Short Answer Type Questions

Q8.

Qo.

What is the necessity to use a salt bridge in a
galvanic cell?

Write an expression for the molar conductivity

of acetic acld at infinite dilution according to
Kohlrausch's law.

Short Answer Type-I Questions

Qlo.

(i) On the basis of standard electrode potential
values stated for acld solutlons, predict whether
Ti% specles may be used to oxidise Fe (Il) to
Fe (l11).

T e —ay T E°=+0.01V
Fe’ +e-—— Fel~ E°=+0.77V
(i) Based on the data arrange Fe?', Mn?* and
Cr?* in the increasing order of stability of +2
oxidation state.
ngg,,,ozd, =— 0.4V, E:[n-"“,anz*
=+ 1.5V, Epgae o2 = + 0.8V,

Q1L What type of battery is the lead storage battery?

Ql.

Write the anode and the cathode reactions and the
overall reaction occurring in a lead storage battery
when current is drawn from it.

Why on dilution the A of CH;COOH increases
drastically while that of CH,COONa increases
gradually?

Short Answer Type-II Questions

Q1a.

A galvanic cell consists of a metallic zinc plate
immersed in 0.1 M Zn(NO,), solution and metallic
plate of lead in 0.02 M Pb(NOy), solution. Calculate

Q4.

Qls.

the emf of the cell. Write the chemical equation for
the electrode reactions and represent the cell.
(Given: E%nz"/Zn =-0.76V, E‘;bzwb =-0.13V)
When a certain conductance cell is filled with
0.1 M KCL, it has a resistance of 85 ohm at 25°C.
When the same cell was filled with an aqueous
solution of 0.052 M unknown electrolyte,
the resistance was 96 ohms. Calculate the
molar conductance of the electrolyte at this
concentration. [Specific conductance of 0.1 M
KCl=1.29 x 102 ohm-! em-1].
(i) Write two advantages of H,-0, fuel cell over
ordinary cell.
(ii) Equilibrium constant (K ) for the given cell
reaction is 10. Calculate E3 .
A(s) + B'(ag) = A%(aq) + B(s)

Long Answer Type Questions

Q 16.

Ql7.

(i) A steady current of 2 Awas passed through two

electrolytic cells X and Y connected in series
containing electrolytes FeSO, and ZnSO, until
2.8 g of Fe deposited at the cathode of cell X.
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-!,
1F = 96500 C mol-)

(ii) In the plot of molar conductivity (A ) vs square
root of concentration (C1/2), following curves
are obtained for two electrolytes A and B.

cve
Answer the following:
(a) Predict the nature of electrolytes A and B.
(b) What happens on extrapolation of A
to concentration approaching zero for
electrolytes A and B?

(i) What is limiting molar conductivity? Why Is
there steep rise in the molar conductivity of
weak electrolyte on dilution?

(ii) Calculate the emf of the following cell at 298 K:
Mg(s) | MgZ* (0.1 M) || Cu2* (1.0 x 103 M) | Cu(s)
(Given, E2 = 2.71V)
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