Chapter

17 Electrochemistry

Electrochemistry is that branch of chemistry which deals with the
relationship between electrical energy and chemical changes taking
place in redox reactions i.e., how chemical energy produced in a
redox reaction can be converted into electrical energy or how
electrical energy can be used to bring about a redox reaction which
is otherwise non-spontaneous.

Under electrochemistry, we study two types of cells:

electro chemical and electrolytic cell.

Difference Between Electrochemical and Electrolytic
Cell:

Electrochemical cell | Electrolytic cell

1. It converts chemical |[I.
energy into electrical

It converts electrical energy
into chemical energy.

energy 2. The redox reaction is non-
2. It is based upon redox spontaneous and takes

reaction  which is place only when electrical

spontaneous. energy is supplied.

3. The electrode on which |[3.
oxidation takes place is
called Anode (negative
pole) and electrode on
which reduction takes
place is called cathode
(positive pole).

The electrode which is
connected to negative
terminal of the battery is
called cathode; the cations
migrate to it, gain electrons
and hence reduction takes
place. The other electrode
is called anode.

4. Asaltbridgeisusedtoset |[4. Nosalt bridge is used in this

up the cell. case.
5. Twoelectrolytes areused. |5. Only one electrolyte is
taken.

GALVANIC CELL

Itis also called voltaic cell. It converts chemical energy liberated
during redox reaction to electrical energy.

For example reaction between Zn and CuSO,,.

Zn(s)+Cu?* (ag)—>Zn%* (aq)+Cu(s)

The chemical reaction responsible for production of electricity
takes place in two separate compartments called half cells which
consists of a electrolyte solution and a electrode.
Anode: Zn — Zn?" +2e”

(Isthalf cell reaction)
Cathode: Cu®*+2¢—Cu

(IInd half cell reaction)
Two half cells are connected by salt bridge.

Note:

(1) Electrode on which oxidation occurs is called anode (negative
pole) while the electrode on which reduction occurs is called
cathode (positive pole)

(@ii) Electrons flow from anode to cathode in the external circuit.

(ii)) Inner circuit is completed by flow of ions through the salt
bridge.

(iv) Representation of electrochemical cell is like:

Electrons flow
Left electrode ——>—>Right electrode

Metal | Metal ion (conc)|| Metal ion (conc) | Metal

Salt

- Reduction occurs
bridge

cathode
positive pole

Oxidation occurs
Anode
negative pole

Characteristics of Salt Bridge

(1)) Itallows the flow of current by completing the circuit.

(i) It maintains electrical neutrality of electrolytes in two half
cells.

ELECTROMOTIVE FORCE (EMF)

The difference in the electrode potentials of two electrodes of the
cell is termed as electromotive force (EMF).
Cell potential or EMF of'the cell is given by:

Ecetn = Eright ~ Eien = Er — B

= Ecathode ~ Fanode — Ered - on

Conventionally, all electrode potentials are expressed at top as
reduction potentials, and
Reduction potential =— Oxidation potential
For a redox reaction to be spontaneous , EMF of the cell must be
positive.
Reduction occurs at the electrode having higher reduction
potential and oxidation occurs at the electrode having lower
reduction potential.
Electrode potential is a fixed quantity and is not multiplied by ‘n’
i.e. number of ¢ !'s involved in a reaction.
Standard electrode potential for fluorine is the highest indicating
that fluorine gas (F,) has the maximum tendency to get reduced to
F~ ions and thus, F, gas is the strongest oxidising agent. Lithium
has lowest electrode potential indicating that Li* ion is the weakest
oxidising agent while lithium metal is the most powerful reducing
agent in an aqueous solution.
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Note : Galvanic cell has an external voltage <1.1.Vwhen E_, =
1.1V, the reaction stops and no current flows. And, ifE, > 1.1V,
the reaction occurs in opposite direction and the cell functions as
an electrolytic cell where the electrons flow from Cu to Zn and

current flows from Zn to Cu.

NERNST EQUATION

The relationship between the concentration of ions and electrode
potential is given by Nernst equation.
(1) For electrode potential, the reaction is,

M™ 4ne” ——M

Then Nernst equation, is applied as
RT, (]

I]_F [MH+]

E=E°-

for pure solids liquids or gases at 1 atm pressure [M] =1
RT . [M]

—1In

HF [MH+]

putting R=28.314 Jk~! mol~!

F=96500C
T=298K

E=E°-

o 0.0591 1
ERed =E°Red — 0 1og[Mn+J

(i) For EMF of the cell, the cell reaction is:
aA +bB =xX+yY
Then by Nernst equation at 298 K,

00591, X [Y)

no[AF[B)
Where n is the number of electrons involved in the cell
reaction.

For a cell reaction in equilibrium,
Ecell =0

E E°

cell =& ce

(i)
IXFLYY
[AT*[B]°

o 0.0591

logK, at 298 K

cell =
where n =no. of electrons involved in the cell reaction
K = equilibrium constant for the cell reaction.
Gibb’s Free Energy and Cell Potential
AG®=—-nFE®°

cell
RT
as E cell — EanC

AG°=-2303RT logK,
where AG® = standard free energy change of the reaction
F =Faraday’s constant = 96500 C
R=8.314JK 'mol™!

ELECTROLYSIS

It is a process of decomposition of an electrolyte by the passage
of electricity through its aqueous solution of molten state.

On passing electric current, positively charged ions move towards
cathode and negatively charged ions move towards anode; where
they loose their charge and become neutral species. Oxidation
occurs at anode while reduction takes place at cathode.

Faraday’s Laws
The quantitative aspects of electrolysis were studied by Faraday.
He put forward two laws as follows:
(i) Faraday’s Firstlaw of Electrolysis:
According to this law, the amount of chemical reaction and
hence the mass of any substance deposited at any electrode
during electrolysis by a current is directly proportional to the
quantity of electricity passed through the electrolyte i.e.,
moc Q
m=7Q
as,Q=1It
Som=ZIt
where m — amount of subs. deposited
Q — quantity of electricityin ‘C’
Z — Constant called Electrochemical equivalent
I — Current in ampere
t — time in seconds
Electrochemical equivalent can be defined as the mass of
the substance deposited by one coulomb of charge or by
one ampere of current passed for one second.

equivalent wt.of element
96500

Electro-chemical equivalent (Z) =

(i) Faraday’ssecond law of electrolysis
When same amount of electricity is passed through solutions
of different electrolytes connected in series, the weight of
the substances produced at the electrodes are directly
proportional to their equivalent weights.
Ex: for AgNO; and CuSO, solutions connected in series, if
same quantity of electricity is passed, then

wt. of Ag deposited  Eq. wt. of Ag
Wt. of Cu deposited Eq. wt. of Cu

Note:

(1) If n electrons are involved in the electrode reaction, the
passage of n faradays (i.e., nF =n % 96500 C) of electricity will
liberate one mole of the substance.

(i) Equivalent weight of a substance can be calculated as:

m m — amount of substance deposited
Eq. wt.=—x96500 ) o
Q Q — Quantity of electricity

CONDUCTANCE OF ELECTROLYTIC SOLUTIONS

Conductance (G)

The amount of electric current that can be passed through the
solution is called conductance. Conductance is inverse of
resistance.

Conductance= —— or G= —
Resistance R

Unit of conductance is inverse of ohm. It is represented as mho or
ohm™! or siemens (s).
(i) Resistance of a conductor is given as follows:

L
R=p—
pA



R = resistance; p = resistivity; / = length,
A = area of cross-section.

(i) The reciprocal of resistivity is called conductivity
1 11
o RA K — specific conductivity or conductivity.

/
or ¢ = Gx X: observed conductance x cell constant

= G x G* (where cell constant = //A)

k  Conductivity

. Cell constant (G*) = G~ Conductance

Equivalent Conductivity

If one equivalent of an electrolyte is dissolved in a solution, then
the conductivity of two parallel electrodes situated 1 cm apart is

called equivalent conductivity. It is denoted by Aeq .
Agq = x %V (where V = volume)
In terms of concentration,

B kx1000  « %1000
“4 C - Normality

A
eq
Where C o= Concentration

Unit of Aeq =cm? ohm™! gmeq!

Molar Conductivity
If one mole of an electrolyte is dissolved in a solution, then the
conductivity of that solution between two parallel electrodes
situated 1 cm apart, is called molar conductivity. It is represented
by A,

A=K *XV_
where V= Volume of the solution in which 1 mole solute is

1
dissolved. [Vm = _)

C
K = specific conductivity
3
A = 1000 cm X i

or Unit=cm?2 mol~! ohm™!=S cm?2 mol~!
Unit of Different Quantities

. . Commonly used .
Physical Quantity . SI units
units
1. Resistance(R) ohm(Q) ohm(Q)
2. Resistivity(p) ohm cm(Q cm) ohm m(Q m)
3. Conductance(G) ol siemen(S)
4. Conductivity(x) o lem™! Sm™!
5. Equivalent
o Q_lcmzeq_1 S mch_1
Conductivity ( Aeq )
6. Molar
. O temZmol ™! S ecmZmol ™!
Conductivity ( Ay )
7. Cell constant ( G ) em ™! m~!

CHEMISTRY

Effect of Dilution on Conductance, Specific

Conductivity and A,

(i) Conductance increases with increase in dilution due to
increase in number of ions in solution.

(ii) Conductivity decreases with the decrease in concentration.
This is because conductivity is the conductance of one unit
volume of solution. As the number of ions per unit volume
decrease on dilution, hence conductivity decreases with
decrease in concentration.

(iii) Molar conductivity and equivalent conductivity increases

with decrease in concentration. This is because A, = « V
and Aeq = x V. Though ‘i ’ decreases with decrease in
concentration but it is compensated by increase in volume

and hence A, and A¢q increase with dilution.

The variation of A, for strong and weak electrolytes with
concentration is as follows:

\

Strong electolyte

Weak electrolyte

1
c?—>

The increase in A, for strong electrolyte with dilution is
not very sharp. This is because strong electrolyte is already
completely dissociated into ions. On dilution, ions get
separated and their movement becomes easier and hence,

Al’l’l
On the other hand, weak electrolyte has lower degree of

dissociation at higher concentrations. On dilution, the degree
of dissociation increases and number of ions in the solution

increases but not sharply.

increases. Thus, A, increases sharply.

KOHLRAUSCH'’S LAW

According to this law, limiting molar conductivity ofan electrolyte
is the sum of the limiting ionic conductivities of the cation and the
anion each multiplied with the number of ions present in one formula
unit of the electrolyte.

: o — oy+ ox—
Mathematically, A7 for AXByka y ( A)+y7u * ®)
where,

A, = Limiting molar conductivity of the electrolyte

X°y+( A) and A% B)~ Limiting molar conductivities of cation and
anion respectiveﬁy.
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Applications of Kohlrausch’s Law

(i) Calculationof A7 for weak electrolytes.

A°(CH;COOH) = XOCH3COO’ + k; . )]

for strong electrolytes :

A° (CH3COOK) = 7“°CH3COO_ + 7\‘;_'_ ..... (2)
A (HCl) = x;+ A ©))
A (KCl) = XKJr + }Lcr ..... 4

Seqt(2) +eq” 3) - eq” (4) =eq' (1)

i.e., A{Crycook) + Micy — Meny = McHzcoomn)
(ii) Calculation of degree of dissociation (o.):

It A%, is the molar conductivity of solution at any

concentration C and A‘I’n is the molar conductivity at infinite

dilution the degree of dissociation will be:

AC
o=—2

o

Am
(iii) Calculation of dissociation constant of a weak electrolyte
2
. Ca
1.€., Kc :1_

where C is concentration and a is degree of dissociation of
weak electrolyte.
Calculation of solubility of a sparingly soluble salt: Salts
which dissolve to a very small extent in water are called
sparingly soluble salts. Their solutions are considered as
infinite dilute solutions as they dissolve in very little amount.
Their solubility is given as:

Kk x 1000
Solubility = A—°

m

PREDICTING THE PRODUCTS OF ELECTROLYSIS

In electrolysis, the conversion of ions into neutral species at their
respective electrodes is called primary change. The product formed
as a result of primary change may be collected as such or it may
undergo secondary change to form final products.
When electrolysis is carried out in molten state, the products are
actually the substances obtained from the ions of the electrolyte.
However, in aqueous solution, the situation is different. At each
electrode, two different ions can be discharged which ion gets
discharged depends:
(1) On their relative discharge potentials
(i) Sometimes on the material of the electrode used.
Usually, the ions with lower discharge potential are
discharged in preference to those which have high discharge
potentials.

SOME COMMERCIAL CELLS (Batteries)
They are mainly of two types:

Primary Batteries or Cells

Primary cells are those in which redox reaction occurs only once
and the cell becomes dead after some time and cannot be used
again. Examples:

(iv)

405

Dry cell or Leclanche cell : Particulars are:

Anode - Zinc Container

Cathode - graphite rod surrounded by MnO, powder
Electrolyte - paste of NH,Cl + ZnCl,

CathodeReaction : MnQO,+ NH} +e — MnO(OH)+NH,

Anode Reaction : Zn—-2¢e —7Zn*t

Zn*" + 2NH; ——[Zn(NH;),*"

Cell potential 1.25Vto 1.5V
Mercury Cell
Anode - Zn-Hg amalgam
Cathode - paste of (HgO + C)
Electrolyte - moist paste of KOH-ZnO
Cathode Reaction :

HgO(s) + H,O(¢) + 2¢” —>Hg(/)+ 20H"
Anode Reaction : 7n + 20H™ —— ZnO + H,O(/) +2e~

Net Reaction : zn(Hg)+ HgO(s) — ZnO(s) + Hg(¢)
cell potential = 1.30 volt

Secondary Batteries or Cells

These can be recharged by passing current in opposite direction
so that they can be used again.

Examples: (i) Lead storage battery and Nickel cadmium storage
cell.

Lead storage battery :

Anode - Spongy lead

Cathode - grid of lead packed with PbO,

Electrolyte - 38% H,SO, by mass

Anode Reaction : Pb+S0,” ——>PbSO, +2e~

Cathode Reaction :

PbO, +SO4 +4HY +2e” —>PbSO4 +2H,0
Net Reaction :

Pb+PbO, +4H* +2S0;” —>2PbSO 4 + 2H,0

When recharged the cell reactions are reversed.
Nickel-cadmium storage cell

Anode - Cadmium

Cathode - metal grid containing NiO,
Electrolyte - KOH solution

Anode Reaction Cd (s) +20H" — Cd(OH), (s) +2e”
Cathode Reaction :
NiO, (s)+2H,0(1)+2¢” — Ni(OH), (s)+20H" (aq)
Net Reaction :
Cd(s)+NiO, (s)+2H,0(¢)
— Cd(OH), (s)+ Ni(OH), (s)
Cellpotential =1.4V.



Fuel Cells

Galvanic cells which are designed to convert energy of combustion
of fuels like H,, CH,, CH;OH, etc. directly into electrical energy
are called fuel cells. Ex: H, —O, fuel cell.

Cathode (+)

Porous carbon
cathode containing
~ suitable catalyst

Anode (-)

Porous carbon
anode containing |
suitable catalyst

Conc.
KOH/NaOH

—<+—0,

Fig : H, - O, fuel cell

The electrode reactions are:

cathode: O, (g) +2H,0 (I) +4e”— 40H" (aq)

anode: 2H,(g) +4OH™ (aq) — 4H,0(1) + 4e~

Overall reaction:
2H,(g) +0,(g) = 2H,0 (1)

Advantages of fuel cells

() The cell runs continuously as long as the reactants are
supplied.

(@) Their efficiency is about 70% compared to thermal plants
whose efficiency is 40%.

(@iii) Theyare pollution free.

CORROSION

It is the slow eating away of the metal due to attack of the
atmospheric gases on the surface of the metal resulting into the
formation of compounds such as oxides, sulphides, carbonates,
sulphates etc.

Examples: rusting of iron, tarnishing of silver, green coating on
silver and bronze, etc.

0,(g)

Rust X’
Fe,0,.xH,0
Cathode

Water
»~ Droplet

Anode
_ 2+ _
v ¢  Fe—=Fe +2e

O,+4H +4e — 2H,0
0,+2H,0 +4e — 40H

CHEMISTRY

The reactions involved in the rusting of iron are:
Cathode: O,(g) +4H" (aq) +4e~ — 2H,0 (1)

o

E H*/0,/H,0 123V

: 2140 E —_
Anode: 2Fe(s) - 2Fe?" +4¢~ E Fe2* /Fe 0.44V

Overall reaction: 2Fe(s) + O,(g) + 4H" (aq) -
2Fe?* (aq) +2H,0(1)
The ferrous ions are further oxidised by atmospheric oxygen to

ferric ions which come out as rust in form of hydrated ferric oxide
(Fe,05.xH,0).

2Fe?* + 150, + H,0 — Fe,0, +4H*
Fe,0; +xH,0 — Fe, 0, .xH,0
Rust

Factors Which Promote Corrosion

(1) More active metals are readily corroded.

(i) Presence of impurities enhance corrosion. Pure metals do
not corrode.

(iii) Air and moisture accelerate corrosion. In vacuum, there is no

corrosion.

Corrosion occurs rapidly at bands, scratches, nicks and cuts

in the metal.

(v) Electrolytes also increase the rate of corrosion.

Prevention of Corrosion

(i) Painting, oiling, greasing (i.e., barrier protection) prevent
corrosion

(i) Covering with a layer of more reactive metal (called sacrificial
protection). For ex: iron is coated with more active zinc. The
process is called Galvanisation.

(iii) Coating of iron surface with phosphate or other chemicals
which forms a protective, tough, adherent in soluble film.

Note:

() Iron in contact with a solution whose pH is above 9-10 does
not corrode. This is because H ions are involved in the
reduction of O,. As concentration of H* decreases, i.e., pH is
increased, the reduction of O, becomes less favourable.

(i) Ifwater is saline, it helpsin the flow of current in the miniature

cell and hence enhances the process of corrosion.

Rust is formed at a site other than the site where pitting has

occurred.

Iron corrodes more rapidly then it does in the absence of

copper and tin. This is because when iron is coated with

copper or tin; if the coating is broken, iron is exposed and it
being more reactive than both copper and tin, gets corroded.

(iv)

(iii)
(iv)
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EXERCISE - 1

Conceptual Questions

The amount of chlorine evolved by passing 2A of current in
ag. solution of NaCl for 30 minutes is :

(@) 0.84gm (b) 1.32gm
(c) 334gm (d) 547gm
The conjugate acid of NH; is :

(@ NHY (b) NH,OH
(©) NH,; (d) N,H,

If 0.01 M solution of an electrolyte has a resistance of 40
ohms in a cell having a cell constant of 0.4 cm™!, then its
molar conductance in ohm™! cm? mol~! is

(@ 10? (b) 10%

(¢ 10 (d) 103

Specific conductance ofa 0.1 N KCl solution at 23°C is 0.012
ohm~! cm™!. Resistance of cell containing the solution at
same temperature was found to be 55 ohm. The cell constant
is

(@) 0.0616cm™ (b) 0.66cm!

() 6.60cm™! (d) 660cm!

The highest electrical conductivity of the following aqueous
solutions is of

(@ 0.1 Mdifluoroacetic acid (b) 0.1 M fluoroacetic acid
(¢) 0.1 Mchloroaceticacid (d) 0.1 M acetic acid

When an electric current of 0.5 ampere is passed through
acidulated water for two hours, then volume of hydrogen
(H,) at NTP produced will be (1 Coulomb of electricity
deposits 0.00001 gm of hydrogen)

@ 0.1litre (b) 0.6litre

(©) 0.4litre (d) 0.8litre
Electrolyte: KCl |KNO ;| HCI |[NaOAc| NaCl

A®(Sem mol ):|1499| 145 [4262] 91 [1265

Calculate Afioac using appropriate molar conductances of

the electrolytes listed above at infinite dilution in H,O at
25°C

(@ 2175 (b) 390.7
(c) 5527 (d) 5172
The unit of equivalent conductivity is
(@) ohmcm

(b) ohm! cm? (g equivalent)™!

(c) ohm cm? (gequivalent)

(d) Scm™2

The resistance of 0.01 N solution of an electrolyte was found
to be 220 ohm at 298 K using a conductivity cell with a cell
constant of 0.88cm~!. The value of equivalent conductance
of solution is —

(a) 400 mho cm? geq! (b) 295 mhocm?geq!

() 419 mhocm?geq! (d) 425mhocm?geq!
How much chlorine will be liberated on passing one ampere
current for 30 min. through NaCl solution?

(@) 0.66mole (b) 0.33mole

(NN N L6 (AN N DD

11.

12.

13.

14.

15.

16.

17.

18.

19.

A 0.5 M NaOH solution offers a resistance of 31.6 ohm in a
conductivity cell at room temperature. What shall be the
approximate molar conductance of this NaOH solution if cell
constant of the cell is 0.367 cm™.

(@) 234Scm?mole! (b) 23.2S cm?mole™!

(c) 4645Scm?mole™ (d) 5464 S cm?mole™!

For the electrochemical cell,

M | [MT| X~ | X, ES(M"/M) = 0.44 V and
E° (X/X7)=0.33 V. From this data one can deduce that:

(@ M+ X—— M "+ X" is spontaneous reaction

(b) M"+ X —— M+ X is spontaneous reaction

(© E =077V

(d) E,y=-0.77V

If0.5 amp current is passed through acidified silver nitrate
solution for 100 minutes. The mass of silver deposited on
cathode, is (eq.wt.of silver nitrate = 108)

(@) 2.3523¢ (b) 3.3575¢

(c) 53578¢g (d) 63575¢

Using same quantity of current, which among Na, Mg, and
Al is deposited to the highest extent during electrolysis.
(@ Mg (b) Al

(c) Na (d) Allin same amount
Aluminium oxide may be electrolysed at 1000°C to furnish
aluminium metal (At. Mass =27 amu; 1 Faraday = 96,500

Coulombs). The cathode reaction is— AR 3¢ 5 Al

To prepare 5.12 kg of aluminium metal by this method we
require electricity of

@ 5.49x10'C (b) 549x10% C

() 183x107C (d) 549x 107 C

When electric current is passed through acidified water,
112 ml of hydrogen gas at STP collected at the cathode in
965 seconds. The current passed in amperes is

@ 10 (b) 05

(c) 01 (d) 20

An electrolytic cell contains a solution of Ag,SO, and has
platinum electrodes. A current is passed until 1.6 gm of O,
has been liberated at anode. The amount of silver deposited
at cathode would be

(@) 107.88gm (b) 1.6gm

(c) 0.8gm (d) 21.60gm

Which of the following will form a cell with the highest
voltage?

(@ 0.IMAg',2MCo?*"  (b) 2MAg", 0.1 MCo?"

() 1MAg", 1MCo** (d) 2MAg",2MCo?"
When 9650 coulombs of electricity is passed through a
solution of copper sulphate, the amount of copper deposited
is (given at. wt. of Cu = 63.6)
(@) 0318¢g

(c) 31.8¢

(b) 3.18¢g
(d) 63.6¢
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20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Find the charge in coulombs required to convert 0.2 mole
VO3‘2 into VO 4‘3 -

(@ 1.93x10% (b) 9.65x10%

() 1.93x10° (d) 9.65x10°

Iron pipes, lying in acidic soil, are often attached to the
blocks of magnesium for their protection from rusting,
because magnesium :

(@) islighter than iron

(b) isreadily converted into positive ion

(c) forms acorrosion-resistant alloy with iron

(d) prevents air from reaching the surface of iron

A silver cup is plated with silver by passing 965 coulombs of
electricity. The amount of Ag deposited is :

(@ 107.89g (b) 9.89¢g

(c) 1.0002g (d) 1.08¢g

Total charge on 1 mole of a monovalent metal ion is equal to
(@) 9.65 x10*coulombs  (b) 1.6 x 10717 coulombs
(¢) 6.2x 1018 coulombs (d) None of these

On passing current through two cells, connected in series
containing solution of AgNO; and CuSQO,, 0.18 g of Ag is
deposited. The amount of the Cu deposited is:

(@ 0.529¢g (b) 10.623¢

(c) 0.0529¢ (d) 12708 ¢

How many atoms of calcium will be deposited from a solution
of CaCl, by a current of 25 mA flowing for 60 seconds?

(a) 4.68x10!8 (b) 4.68x10'

(c) 4.68x1012 (d) 4.68x10°

To deposit one equivalent weight of silver at cathode, the
charge required will be

(@ 9.65x10*C (b) 9.65x103C

(¢) 9.65x10°C (d) 9.65x107C

In the electrolysis of water, one faraday of electrical energy
would liberate

(@) one mole of oxygen

(b) one gram atom of oxygen

() 8goxygen

(d) 22.4lit. of oxygen

When an acid cell is charged, then :

(@) voltage of cell increases

(b) electrolyte of cell dilutes

(c) resistance of cell increases

(d) none of the above

The volume of oxygen gas liberated at NTP by passing a
current of 9650 coulombs through acidified water is :

(@) 1.12litre (b) 2.24litre

(c) 11.2litre (d) 22.4litre

Three faradays electricity was passed through an aqueous
solution of iron (II) bromide. The weight of iron metal
(at. wt = 65) deposited at the cathode (in gm) is

(@ 56 (b) &

(c) 112 (d) 168
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On passing C ampere of electricity through a electrolyte
solution for ¢ second. m gram metal deposits on cathode.
The equivalent weight £ of the metal is

Ee Cxt by E= Cxm
@ E= 96500 ®) £=796500
96500 x m Cxtx96500
E=——— EF=="""7""""
© Cxt ) m

What is the time (in sec) required for depositing all the silver
present in 125 mL of 1 M AgNO; solution by passing a
current of 241.25 A? (1F=96500C)

(@ 10 (b) 50

(c) 1000 (d) 100

The number of electrons passing per second through a cross-
section of copper wire carrying 10-% amperes of current per
second is found to be

@@ 16x1071° (b) 6x1073

(c) 6x10716 (d) 6x10!2

What is the E° ), for the reaction

Cu** (ag) +Sn*" (ag) + == Cu(s) +Sn*" (aq)

at 25°C if the equilibrium constant for the reaction is 1 x 106?
(@ 05328V (b) 03552V

(c) 01773V (d) 07104V

Which of the following reaction is possible at anode?

(@ 2Cr3"+7H,0 - Cr,0,% +14H"

(b) F, 22F~

(¢) (12)0,+2H" = H,0

(d) None of these.

In electrolysis of dilute H,SO,, what is liberated at anode?

@ H, (b) SO%”
() SO, (d) O,

The reference electrode is made by using
(@ ZnCl, (b) CuSO,
(c) HgCl, (d) Hg,Cl,

The standard hydrogen electrode potential is zero, because
(@) hydrogen oxidized easily

(b) electrode potential is considered as zero

(c) hydrogen atom has only one electron

(d) hydrogen is a very light element

The element that is easiest to be reduced:

(a) Ag (b) Fe

(c) Cu (d) Sn

Which one is not called a anode reaction from the following

_ 1 _
@@ CI - EClz +e (®) Cu— Cu*™ +2e”

(© Hg'>Hg"" +e (d) Zn** +2¢"—>7n

The chemical reaction,

2AgCl) + Hyg) — > 2HCl(yq) +2Ag(s)

taking place in a galvanic cell is represented by the notation
(@) Pty | Hygg),1 bar [IMKCl,q) [ AgClig) | Ag(s)

(b) Pt [Hyg).1 bar [ IMHCl o) [ IMAE" o) | Ags)

(©) Pt | Hyrg).1 bar [IMHCl(,q) | AgCl) | Ag)

(d) Pt | Hyrg).1 bar [IMHCl(yq) | Ags) | AgClg)
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The cell reaction Cu+2Ag" —Cu™? +Agis best
represented by

@ Cu(s)| Cu™(aq)|| Ag* (aq) | Ag(s)
(b) Pt|Cu™ || Ag’(aq)| Ag(s)

(¢) Cu™|Cul|Pt|Ag

(d) None of the above representations

The resistance of 1 N solution of acetic acid is 250 ohm,

when measured in a cell of cell constant 1.15 cm™!. The

equivalent conductance (in ohm™! cm? equiv!) of 1 N acetic

acid will be

(@) 46 (b) 92

(c) 184 (d) 0023

Specific conductance of 0.1 M HNO; is 6.3 10-2. The molar

conductance of the solution is

(@) 100 ohm™! cm? (b) 5150ohm!cm?

(c) 6300hm~! cm? (d) 6300 ohm! cm?

Which of the following statements about galvanic cell is

incorrect

(@) anode is positive

(b) oxidation occurs at the electrode with lower reduction
potential

(c) cathode is positive

(d) reduction occurs at cathode

Which of the following reactions occurs at the cathode?

(@ Sn*" —— Sn*"+2e
(b) Agh+e — Ag

() Zn —> Zn®*"+2e

1
(d) 20H" —— H0+ -0, +2¢"

At 298K the standard free energy of formation of H,O (£) is
—237.20 kJ/mole while that of its ionisation into H ion
and hydroxyl ions is 80 kJ/mole, then the emf of the following
cell at 298 K will be [Take Faraday constant F = 96500C]
H, (g, 1bar)| H"(1M)||OH~ (1M) | 0,(g, 1 bar)
(@) 040V (b) 081V
() 123V (d) -040V
Ifthe following half cells have E° values as

ANt —— A, Eo=y,V

AT +2¢ — A, E°=-p,V
The E° of the half cell A3+ 3e——— Awill be

2n =1 Y2 =25
@ =5 ®
(©) 2y;-3y, (d) y, =2y
To deposit 0.634 g of copper by electrolysis of aqueous
cupric sulphate solution, the amount of electricity required
(in coulombs) is
(@ 1930 (b) 3960
(c) 4825 (d) 9650
Without losing its concentration ZnCl, solution cannot be
kept in contact with
(@ Au
(c) Pb

(b) Al
(d) Ag
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Cu'(ag) is unstable in solution and undergoes

simultaneous oxidation and reduction according to the
reaction :

2Cu+(aq) = cu?* (aq)+ Cu(s) choose correct E° for

given reaction if £°Cu?*/Cu=0.34 V and E° Cu?*/Cu* =0.15

v

(@ 038V (b) +049V

(c) +038V (d) 019V

In the silver plating of copper, K[Ag(CN),] is used instead

of AgNOj;. The reason is

(@) athin layer of Agis formed on Cu

(b) more voltage is required

(c) Ag"ions are completely removed from solution

(d) less availability of Ag* ions, as Cu cannot displace Ag
from [Ag(CN),] ion

On passing electric current of one ampere for 16 min and 5

sec through one litre solution of CuCl,, all copper of solution

was deposited at cathode. The strength of CuCl, solution

was (molar mass of Cu= 63.5, Faraday constant = 96500 C/

mol):

(@ 02N (b) 0.01N

(¢) 01N (d) 0.02N

The standard e.m.f. of a galvanic cell involving cell reaction

with n =2 is found to be 0.295 V at 25°C. The equilibrium

constant of the reaction would be (Given F=96500 C mol ;

R=8.314JK 'mol ")

@ 2.0x10'"! (®) 4.0x10"?

© 1.0x10° @ 1.0x10"
What will be the emf for the given cell
Pt|H, (P))|H' (aq) || H, (Py) | Pt

RT A
RT A —log, =+
(@) Tloge?z (b) 5108 P
RT, P
(c) TIOge?l (d) None of these.

In a cell that utilises the reaction

Zn(s)+2H" (aq) - Zn%* (aq) + H,(g) addition of H,SO,
to cathode compartment, will

(@ increase the E and shift equilibrium to the right

(b) lower the E and shift equilibrium to the right

(c) lower the E and shift equlibrium to the left

(d) increasethe E and shift equilibrium to the left

The same amount of electricity was passed through two
cells containing molten Al,O, and molten NaCl. If 1.8 g of Al
were liberated in one cell, the amount of Na liberated in other
cell is:

(@ 28¢g (b) 32¢g

(c) 46¢g (d) 68¢g

According to Nernst equation, which is not correct if
Q=K,:

RT o
(a) Ecell =0 (b) EIHQ = Ecell

NFECe(|
(c) KC =¢ RT

(d) Egen = Egen
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The volume of oxygen gas liberated at NTP by passing a
current of 9650 coulombs through acidified water is :

(@) 1.12litre (b) 2.24litre

(c) 11.2litre (d) 22.4litre

The emf of the cell

Ni | Ni2* (1.0 M)| |Au>* (1.0M)| Au is

[Given E°Ni?* /Ni=-0.25Vand E°Au?"/ Au=+1.5V]

(@ 200V (b) 125V

(c) —-125V d 175V

What is the e.m.f for the given cell ?

Cr|Cr’* (1.0M) || Co** (1.0M) | Co

(E° for Cr**/Cr=-0.74 volt and E° for

Co%* /Co=-0.28 volt)

(@ —-0.46volt (b) —1.02volt

(c) +0.46volt (d) 1.66volt

If a salt bridge is removed between the two half cells, the
voltage

(@) Drops to zero (b) Does not change

(¢) Increase gradually (d) Increases rapidly

The standard emf of a cell, involving one electron change is
found to be 0.591 V at 25°C. The equilibrium constant of the
reaction is (F = 96500 C mol 1)
(@ 1.0x10!

() 1.0x1010

Given the electrode potentials
Fe3™+e —— Fe?™, E°=0.771 volts
I,+2¢- —— 2I7, E°=0.536 volts

E°, %ll for the cell reaction

(b) 1.0x10°
(d) 1.0x1030

2Fe’" + 27 —— 2Fe?" + 1, is
(@ 1.006V (b) 0503V
(© 0235V (d) -0235V

For the galvanic cell

Zn | Zn?* (0.1M) || Cu?* (1.0M)|Cu the cell potential increase
if

(@) [Zn?']isincreased

(b) [Cu®']is increased

(¢) [Cu®™]is decreased

(d) surface area of anode is increased

Adding powered lead and iron to a solution thatis 1.0 M in
both Pb2" and Fe?" ions, would result in a reaction, in which:
(@) More iron and Pb?* ions are formed

(b) More lead and Fe?" ions are formed

(c) Concentration of both Pb2*and Fe?* ion increases
(d) There is no net change

The standard cell potential of Zn | Zn** (aq) || Cu®* (aq) | Cu
cell is 1.10 V. The maximum work obtained by this cell will be
(@ 106.15kJ (b) —212.30kJ

(c) 31845k (d) —424.60kJ

A hydrogen electrode is immersed in a solution with

pH = 0 (HCI). By how much will the potential (reduction)
change if an equivalent amount of NaOH is added to the

solution. (Take Pu, = 1 atm), T=298 K.

(@) increaseby0.41V (b) increase by 59 mV
(c) decreaseby0.41V (d) decreaseby 59 mV
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Following cell has EMF 0.7995V.

Pt|H, (1 atm) |HNO; (1M) || AgNO; (1IM) | Ag

If we add enough KCl to the Ag cell so that the final C1™ is
IM. Now the measured emfof the cell is 0.222V. The KSp of

AgCl would be —

(@ 1x10798 (b) 1x107196

(c) 2x10710 (d) 2.64x10714
., RT

E =EInKeq

The above equation is called :

(a) Gibb’s equation

(b) Gibb’s—Helmholtz equation

(c) Nernst equation

(d) Van der Waal’s equation

Standard cell voltage for the cell Pb | Pb>" || Sn* | Sn is
—0.01 V. If the cell is to exhibit £ =0, the value of
[SnZ"]/ [Pb?*] should be antilog of —

(@ +03 (b) 05

(¢ 15 (d) -0.5

An electrochemical cell is set up as: Pt; H, (1atm)[HCI(0.1 M)
| CH;COOH (0.1 M)| H,, (1atm); Pt. The e.m.f of this cell will
not be zero, because

(@) the temperature is constant

(b) e.m.fdepends on molarities of acids used

(c) acidsused in two compartments are different

(d) pHof0.1 MHCland0.1 M CH;COOH is not same

The quantity of electricity needed to liberate 0.5 gram
equivalent of an element is
(a) 48250 faraday

(c) 19300 faraday

For the cell reaction,

Cu®* (C,, aq) + Zn(s) — Zn*" (C,, ag) + Cu(s) of an
electrochemical cell, the change in free energy, AG, ata given
temperature is a function of

(@ Mm(C) (b) m(C,/Cy)

(© m(C) (d In(C,+C,))

The most durable metal plating on iron to protect against
corrosion is

(@) nickel plating (b) copper plating

(c) tinplating (d) zincplating

A certain current liberated 0.504 gm of hydrogen in 2 hrs.
How many grams of copper can be liberated by the same
current flowing for the same time in a copper sulphate
solution ?

(@ 12.7gms (b) 15.9 gms

(c) 31.8gms (d) 63.5gms

Several blocks of magnesium are fixed to the bottom of a ship to
(a) make the ship lighter

(b) prevent action of water and salt

(c) prevent puncturing by under-sea rocks

(d) keep away the sharks

In a hydrogen-oxygen fuel cell, combustion of hydrogen
occurs to

(@) produce high purity water

(b) create potential difference between two electrodes

(c) generate heat

(d) remove adsorbed oxygen from elctrode surfaces

(b) 48250 coulomb
(d) 19300 coulomb
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During the charging of lead storage battery, the reaction at
anode is represented by :

@ Pb>* +S05" —>PbSO,
(b) PbSO, +2H,0——>PbO, + SO +4H" +2¢~
() Pb——Pb> +2¢”

(d) Pb** +2¢” ——Pb

Two electrolytic cells, one containing acidified ferrous
chloride and another acidified ferric chloride, are connected
in series. The ratio of iron deposited at cathodes in the two
cells will be :

@ 3:1 (b) 2:1

(© 1:1 d) 3:2

Which colourless gas evolves, when NH,Cl reacts with zinc
in a dry cell battery

(@ NH, (b) N,

(© H, (d) Cl,

When a lead storage battery is discharged

(@) SO, is evolved

(b) Lead sulphate is consumed

(c) Leadis formed

(d) Sulphuric acid is consumed

Zn** > 7n o E'=-0.76 V

Cu®* >Cu ; E'=-034V
Which of the following is spontaneous?
@  Zn*" +Cu— Zn+Cu?"
() cu*" +7Zn - Cu+zn**

©  Zn* +Cu®" > Zn+Cu
(d) None of these
The efficiency of a fuel cell is given by

AG
@ 29 b)
AS AH
AS AH
c) — d —
© AG @ AG
The equilibrium constant of the reaction:
Cu(s) +2Ag ™ (aq) Cu’t(aq)+2Ag(s) ;

E°=0.46Vat298 Kis

(@) 2.0x10!0 (b) 4.0x1010

(c) 4.0x101 (d) 2.4x1010

On the basis of the following E° values, the strongest
oxidizing agent is :

[Fe(CN)(]* —[Fe(CN)( ] +e;E°=-0.35V

Fe?™ 5 FedT+e; °=_0.77V
(@ [Fe(CN)g]* (b) Fe**
() Fe&' (d) [Fe(CN)(*~

Kohlrausch’s law states that at :

(@) finite dilution, each ion makes definite contribution to
equivalent conductance of an electrolyte, whatever be
the nature of the other ion of the electrolyte.

(b) infinite dilution each ion makes definite contribution to
equivalent conductance of an electrolyte depending
on the nature of the other ion of the electrolyte.
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(c) infinite dilution, each ion makes definite contribution
to conductance of an electrolyte whatever be the nature
of the other ion of the electrolyte.

(d) infinite dilution, each ion makes definite contribution
to equivalent conductance of an electrolyte, whatever
be the nature of the other ion of the electrolyte.

Standard free energies of formation (in kJ/mol) at 298 K are

—237.2,—394.4 and - 8.2 for H,0(/), CO,(g) and pentane (g),

respectively. The value E° ;, for the pentane-oxygen fuel

cellis:
(@) 1968V (b) 2.0968V
(c) 1.0968V (d) 0.0968V
Given:

() Cu?"+2¢ —Cu,E°=0337V

(i) Cu?"+e —Cu',E°=0.153V

Electrode potential, E° for the reaction,

Cut+e — Cu, will be :

(@ 090V (b) 030V

(c) 038V (d) 052V

Al,Oj is reduced by electrolysis at low potentials and high
currents. If 4.0 x 10* amperes of current is passed through
molten Al,O5 for 6 hours, what mass of aluminium is
produced? (Assume 100% current efficiency. At. mass of
Al=27 gmol 1)
(@) 8.1x10%g
() 1.3x10%g

(b) 24x10°g
(d) 9.0x10%g

M
The equivalent conductance of E%) solution of a weak

monobasic acid is 8.0 mho cm? and at infinite dilution is 400
mho cm?. The dissociation constant of this acid is:

(@ 125x10° (b) 6.25x1074

() 125x10°* (d) 1.25x107°

For the reduction of silver ions with copper metal, the
standard cell potential was found to be + 0.46 V at 25°C.
The value of standard Gibbs energy, AG® will be

(F=96500C mol™")

(@ —89.0kJ (b) —89.0J

() —445K (d) —98.0kJ

An increase in equivalent conductance ofa strong electrolyte

with dilution is mainly due to:

(a) increasein ionic mobility of ions

(b) 100% ionisation of electrolyte at normal dilution

(c) increase in both i.e. number of ions and ionic mobility
of ions

(d) increasein number of ions

Which of the following expressions correctly represents the

equivalent conductance at infinite dilution of Al,(SO,);,

o

Given that AA13+

o
and ASO?{ are the equivalent

conductances at infinite dilution of the respective ions?

(a) %A L

OAP* A0 (b) 2A A13++3AS

05"

() (AOAﬁ* +A° )><6

A 5 + A0 5
©  Aapt T 502 N
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Consider the following relations for emfof a electrochemical

cell:

(1) emfofcell = (Oxidation potential of anode) —

(Reduction potential of cathode)

(i) emfofcell =(Oxidation potential of anode) + (Reduction
potential of cathode)

(iii) emfofcell = (Reduction potential of anode) + (Reduction
potential of cathode)

(iv) emfofcell =(Oxidation potential of anode)— (Oxidation
potential of cathode)

Which of the above relations are correct?

(@) (i) and (iv) (b) (iii) and (i)

(©) (1) and(ii) (d) (iii)and (iv)

Standard electrode potential of three metals X, Y and Z are

—1.2V,+0.5 Vand - 3.0V, respectively. The reducing power
of these metals will be :

@ Y>Z>X

© Z>X>Y

The electrode potentials for
Cu**(ag)+e — Cu'(aq)

and Cu'(ag)+e —— Cu(s)

are + 0.15 V and + 0.50, respectively. The value of

E will be :

b) X>Y>Z
d) X>Y>Z

o
cu**/Cu

98.

99.
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(@ 0500V (b) 0325V
(c) 0.650V (d) 0.150V
Standard electrode potential for Sn*"/ Sn2* couple is+0.15V
and that for the Cr3* / Cr couple is—0.74 V. These two couples
in their standard state are connected to make a cell. The cell

potential will be :
(@ +1.19V (b) +0.89V
(c) +0.18V (d) +1.83V

If the E°_, for a given reaction has a negative value, then
which of the following gives the correct relationships for
the values of AG° and Keq ?

(@) AG°>O;Keq>1 (b) AG°<O;Keq>1
(c) AG°<O;Keq<1 (d) AG°>O;Keq<1
Limiting molar conductivity of NH,OH

( i.e.,Afn(NH 4OH |Isequal to:

@ ANl Ar(NaCl) = A NaOH)
(®)  Am(naon) t Am(Nacr _A?D(NH4C1)
©  An(wgon)t Amiigc) Ay

(@) Am(Np,cl) * Am(NaoH ~Am(Nacl)

EXERCISE - 2

Applied Questions

Molar conductances of BaCl,, H,SO, and HCl at infinite
dilutions are x;, x, and x5 respectively. Equivalent
conductance of BaSO, at infinite dilution will be :

(@ (x;+xy,-x3)/2 (®) x; +x,—2x5

© (x;—xy-x3)/2 (d) () +x,—2x35)/2
Resistance of a conductivity cell filled with a solution of an
electrolyte of concentration 0.1 M is 100 Q. The conductivity
of this solution is 1.29 S m~!. Resistance of the same cell
when filled with 0.02 M of the same solution is 520 Q. The
molar conductivity of 0.02 M solution of electrolyte will be
(@) 1.24x104Sm?mol! (b) 12.4x 10*S m?mol™!

(¢) 124x10*Sm?mol! (d) 1240x 10*S m?mol ™!
What is the amount of chlorine evolved when 2 amperes of
current is passed for 30 minutes in an aqueous solution of
NaCl?

(@) 66g (b) 1.32¢

(© 33g (d) 99¢

A galvanic cell is set up from electrodes 4 and B
Electrode 4: Cr,05™ /Cr3Y, g2y =+133 V7

T

Electrode B: Fe** /Fe?™, Egq =077V

Which of the following statements is false ?
(a) Standard e.m.fofthecellis 0.56 V/

Current will flow from electrode 4 to B in the external
circuit

(c) A will act as cathode and have positive polarity

(d) None of these

The electric charge for electrode decomposition of one gram
equivalent of a substance is

(a) one ampere per second

(b) 96500 coulombs per second

(c) oneampere for one hour

(d) charge on one mole of electrons

On passing a current of 1.0 ampere for 16 min and 5 sec through
one litre solution of CuCl,, all copper of the solution was
deposited at cathode. The strength of CuCl, solution was
(Molar mass of Cu= 63.5; Faraday constant = 96,500 Cmol ')
(@ 0.0IN (b) 0.01M

(c) 0.02M (d 02N

In electrolysis of NaCl when Pt electrode is taken then H, is
liberated at cathode while with Hg cathode it forms sodium
amalgam. This is because

(@) Hgis more inert than Pt

(b) more voltage is required to reduce H' at Hg than at Pt
(c) Naisdissolved in Hg while it does not dissolve in Pt
(d) conc. of H ions is larger when Pt electrode is taken

(b)
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Given: 2Br~ —» Bry +2¢~ E°=-1.09V;
I,+2e —2I" E° =0.54V
Fe’" +2e - Fe E°=-044V 16.

Which of the following reactions will not be spontaneous?
(@) Fe+Br, - FeBr, (b) Fe+I, — Fel,

(©) I,+2Br~ =2l +Bry(d) Bry+2I" - 2Br +1,
Sn*" + 2¢~ —> SnZ* E°=0.13V

Br, +2¢” —— 2Br- E°=1.08V

Calculate K for the cell formed by two electrodes

(@ 104 (b) 1032
(c) 10732 (d) 10742
The e.m.f. ofa Daniell cell at 298 K is E,;.
ZI’ISO4 CUSO4
n
(0.01 M)[|(1.0 M) 18.

When the concentration 0fZnSO, is 1.0 M and that of CuSO,,
is 0.01 M, the e.m.f. changed to E,. What is the relationship
between E; and E,?

(@ E,=0=E, (b) E;>E,

(C) El < Ez (d) El = E2

Sodium is made by the electrolysis of a molten mixture of

about 40% NaCl and 60% CaCl, because

(@) CaCl, helps in conduction of electricity

(b) this mixture has a lower melting point than NaCl

() Ca'candisplace Na from NaCl

(d) Ca'' canreduce NaCltoNa

In anodising :

(@) The metal ion present in electrodyte gets reduced and
a film of metal gets coated on the surface of metal
cathode

(b) The anode metal gets oxidised to form a metal oxide
coat

(c) both the above are correct

(d) none of the above is correct 20.

At 25°C, the molar conductance at infinite dilution for the
strong electrolytes NaOH, NaCl and BaCl, are 248 x 1074,
126 x 10~* and 280 x 10~% SmZmol~! respectively.

A?n Ba(OH), in Sm?mol!is

(@) 524x104 (b) 524x10°*

(c) 402x1074 (d) 262x10~*

The specific conductance of a 0.1 N KCl solution at 23°C is
0.012 ohm~'em™!. The resistance of cell containing the

solution at the same temperature was found to be 55 ohm. 21,

The cell constant will be

(@ 0.142cm™! (b) 0.66cm™!

(¢) 0918cm! (d) 1.12cm™!

A solution containing one mole per litre of each Cu(NOs;),,
AgNO;, Hg,(NO;), and Mg(NO;),, is being electrolysed
by using inert electrodes. The values of standard electrode
potentials in volts (reduction potentials) are Ag™ / Ag
=+0.80, HgZ*/2Hg =+0.79, Cu®**/ Cu= +0.34, Mg>" / Mg

17.
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=-2.37 with increasing voltage, the sequence of deposition
of metals on the cathode will be

(@) Ag,Hg, Cu, Mg (b) Mg, Cu, Hg, Ag

(c) Ag,Hg,Cu (d) Cu,Hg,Ag

The e.m.f. of the cell Zn | Zn%* (0.01M) | | Fe?" (0.001M) | Fe
at 298 K is 0.2905 then the value of equilibrium for the cell
reaction is

0.32 0.32
@ 00295 (®)  50.0295

0.26 0.32
© | 0.0295 )| go0so1

Aluminium displaces hydrogen from acids but copper does
not. A galvanic cell prepared by combining Cu / Cu?* and
Al/ A" has an e.m.f. of 2.0 V at 298 K. If the potential of
copper electrodeis +0.34 V, that of aluminium is

(@ +1.66V (b) —1.66V

(c) +234V d -23V

1. 0 L each of a buffer containing 1 mole NH5 and 1 mol of

NHZ{ were placed in the cathodic and anodic half-cells and

965 C ofelectricity was passed. If anodic and cathodic half
cells reactions involve oxidation and reduction of water only
as

2H,0——>4H" +0, —4e™;

2H,0+2e——>H, +20H"~

Then pH of

(@) cathodic solution will increase

(b) anodic solution will decrease

(c) both the solutions will remain practically constant

(d) both the solutions will increase

A gas X at | atm is bubbled through a solution containing a
mixtureof IMY ™~ and | MZ™ at 25°C. Ifthe reduction potential
of Z>Y >X, then

(@) Y will oxidize Xand not Z

(b) Y will oxidize Z and not X

(c) Y will oxidize both X and Z

(d) Y will reduce both X and Z

Aluminium oxide may be electrolysed at 1000°C to furnish
aluminium metal (At. Mass =27 amu; | Faraday = 96,500
Coulombs). The cathode reaction is

ABT+3e" > Al

To prepare 5.12kg of aluminium metal by this method would
require

(@) 5.49x 107 C ofelectricity

(b) 1.83 x107 C of electricity

(¢) 5.49 x 10*C ofelectricity

(d) 5.49x 10! C ofelectricity

AtpH=2, E° (quinhydron) = 1.30V, E(quinhydron) will be

OH 0]
@ = @ + 2H" +2e”
OH O
@ 120V (b) 142V
© 136V d) 130V
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23.

24,
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26.

27.

28.

29.

The cell, 30.

Zn|Zn>" (1 M) || Cu?* (1 M) | Cu (E° . =1.10 v)
was allowed to be completely discharged at 298 K. The

relative concentration of Zn%" to Cu2* [—

@ 9.65x 10* (b) antilog (24.08) 31.
() 373 (d) 10373,

Given E° 3+ =-0.72V, E° 24 . =—042V.The
potential for the cell

Cr|Cr3* (0.1M)|| Fe2 " (0.01 M)| Fe is ~
(@) 026V (b) 0336V

(c) —0.339 (d) 026V

In a fuel cell methanol is used as fuel and oxygen gas is used
as an oxidizer. The reaction is

CH;0H(/)+3/20,(g)——> CO,(g) +2H,0(/)

At298 K standard Gibb’s energies of formation for CH;OH(/),
H,O(/) and and CO, (g) are—166.2 ~237.2 and -394.4 kJmol~
I respectively. If standard enthalpy of combustion of
methonal is — 726 kI mol !, efficiency of the fuel cell will be:
@ 87% (b) 90%

(© 97% (d) 80%

The Gibbs energy for the decomposition of Al,O5 at 500°C
is as follows :

%mzo3 - §A1+02,A,G = +966 kI mol !

The potential difference needed for electrolytic reduction of
Al,0O5 at 500°C is at least

(@ 45V (b) 3.0V

() 25V (d) 50V

The correct order of E °M2 ‘M values with negative sign

for the four successive elements Cr, Mn, Fe and Co is 33.

(@ Mn>Cr>Fe>Co (b) Cr<Fe>Mn>Co
(¢) Fe>Mn>Cr>Co (d) Cr>Mn>Fe>Co
The reduction potential of hydrogen half-cell will be negative
if:
(@ p(H,)=1latmand[H"]=2.0M
(b) p(H,)=1latmand[H]=1.0M
[

(¢) p(H,)=2atmand[H"]=1.0M 34.

(d) p(H,)=2atmand[H]=2.0M
Consider the following cell reaction:

2Fe(s)+0,(g)+4H (ag) —>2Fe* (ag)+2H,0(l); E° =1.67V
At [Fe?"] =10 M, p(0,) = 0.1 atm and pH = 3, the cell
potential at 25°C is

(@ 147V (b) 1.77V

(c) 187V d) 1.57v

Resistance of 0.2 M solution of an electrolyte is 50 Q. The
specific conductance of the solution is 1.3 S m~!. If
resistance of the 0.4 M solution of the same electrolyte is
260 €, its molar conductivity is :

(@) 6.25x104Sm?mol! (b) 625x 1074 Sm?2mol™!

() 62.5Sm2mol! (d) 6250 S m? mol!

35s.
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The standard reduction potentials for Zn2*/Zn,
Ni2*/Ni and Fe?*/Fe are —0.76,-0.23 and —0.44 V respectively.

The reaction X+Y?* ——X?"+Y will be spontaneous
when :

(@ X=Ni,Y=Fe (b) X=Ni,Y=Zn

(¢) X=Fe,Y=7n (d) X=Zn,Y=Ni

Electrolysis of dilute aqueous NaCl solution was carried out
by passing 10 milli ampere current. The time required to
liberate 0.01 mol of H, gas at the cathode is (1 Faraday =
96500 C mol )

(@) 9.65x10%sec (b) 19.3 x 10%*sec

(c) 28.95x10%sec (d) 38.6x10%sec
AgNO;(ag.) was added to an aqueous KCI solution
gradually and the conductivity of the solution was measured.

The plot of conductance ( A) versus the volume of AgNO,
is

A A
| |
| |
Volﬁme volume
(P) Q
A A
W !
| |
volume volume
(R) (&)
@ (P (b) Q
© ®) d ©
Given: ECr3+/Cr =-0.74 V; EMnOZ/anJr =151V
o2~ /et T LBVIE ) o =136V

Based on the data given above, strongest oxidising agent
will be :

@ Cl (b) Cr3*

() Mn2* (d) MnO,~

Four successive members of the first row transition elements
are listed below with atomic numbers. Which one of them is
expected to have the highest E;[3 2t value ?

(@) Cr(z=24) (b) Mn(Z=25)

(c) Fe(Z=26) (d) Co(Zz=27)

A solution contains Fe?*, Fe3" and I ions. This solution
was treated with iodine at 35°C. E° for Fe>* / Fe?"is +0.77V
and E° for I,/2I" = 0.536 V. The favourable redox reaction is :
(@) I, will be reduced to I™

(b) There will be no redox reaction

(©) I"willbe oxidised to I,

(d) Fe?' will be oxidised to Fe3*
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Standard reduction potentials of the halfreactions are given
below :

F,(g)+2¢” = 2F (aq); E°=+2.85V

Cly(g) +2e"— 2Cl(agq);, E°=+136V

Br,y (/) +2¢”— 2Br (aq); E°=+1.06V

L(s)+2e” —2I(aq); E°=+0.53V

The strongest oxidising and reducing agents respectivelyare :
(@ F,andI” (b) Bryand CI~

(c) Cl,andBr~ (d) Cl,andl,

Molar conductivities (A°,,) at infinite dilution of NaCl, HCI
and CH;COONa are 126.4, 425.9 and 91.0 S cm? mol!
respectively. A°, for CH;COOH will be :

(a) 425.5Scm?mol! (b) 180.5S cm?mol !

(¢) 290.8Scm?mol ! (d) 390.5S cm?mol!

The equivalent conductances of two strong electrolytes at
infinite dilution in H,O (where ions move freely through a
solution) at 25°C are given below :

AcrycooNa =910 S cm? / equiv.

Ayep = 426.2 S em? /equiv.
What additional information/ quantity one needs to calculate
A° of an aqueous solution of acetic acid?
(@) A" ofchloroacetic acid (CICH,COOH)
(b) A° ofNaCl
(¢ A° of CH;COOK

(d) thelimiting equivalent coductance of H* (A°ye)-

Given: E°Fe3+ =-0.036V, E° =-0.439V

/Fe Fe?"/ Fe
The value of standard electrode potential for the change,

Fe’* (ag)+e ——> Fe?* (agq) will be:

(@ 0385V (b) 0.770V

() 0270V (d) 0072V

Consider the following four electrodes:

P = Cu?* (0.0001 M)/Cug

Q=Cu?" (0.1 M)/Cug

R = Cu?" (0.01 M)/Cuyg

S = Cu?* (0.001 M)/Cug

If the standard reduction potential of Cu?*/Cu is +0.34 V,
the reduction potentials in volts of the above electrodes
follow the order.

@ P>S>R>Q () S>R>Q>P

¢ R>S>Q>P (d Q>R>S>P

Which pair of electrolytes could not be distinguished by
the products of electrolysis using inert electrodes?

(@ 1M CuSO, solution, 1 M CuCl, solution

(b) 1M KCl solution, 1 M KI solution

(©0 1M AgNO; solution, 1 M Cu(NOs;), solution

(d) 1 MKClsolution, 1 M NaClI solution

A current is passed through two cells connected in series.
The first cell contains X(NO3)3(aq) and the second cell
contains Y(N 03)2(aq). The relative atomic masses of X and
Y are in theratio 1 : 2. What is the ratio of liberated mass of
Xtothat of Y?
@ 3:2

(c) 1:3

(b) 1:2
d 3:1

43.

44.

45.

46.

47.
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The electrode potential E(an + /20y of a zinc electrode at

25°C with an aqueous solution of 0.1 M ZnSO, is

o 2.303RT
[E g2 gy ~ =076 V. Assume ——-—— =0.06 at 298K].
@ +0.73 (b) —0.79
(© -0.82 @ -0.70

The electrical properties and their respective
STunits are given below. Identify the wrongly matched pair.

Electrical property SI unit
(@) Specific conductance Sm!
(b) Conductance S
(¢) Equivalent conductance S m’ gequiV_1
(d) Cell constant m

The ion of least limiting molar conductivity among the
following is

(@ SO3 (b) H

(© Ca2+

The reduction potential (in volt) of a hydrogen electrode set
up with a 2 x 1072 M aqueous solution of a weak mono basic
acid (K, =5 x 10-3) at one atmosphere and 25°C is

(a) +0.09 (b) +0.18

(c) —0.09 (d) -0.18

A current strength of 3.86 amp was passed through molten
calcium oxide for 41 minutes and 40 seconds. The mass of

calcium in grams deposited at the cathode is (Atomic mass
of Cais 40 g/mol, 1 F=96500 C)

@ 4 (b) 2
© 6 d 8

(d) CH3C00™

DIRECTIONS for Qs. 48 to 50 : These are Assertion-Reason
type questions. Each of these question contains two statements:
Statement-1 (Assertion) and Statement-2 (Reason). Answer these
questions from the following four options.

(@)
(b)

©
(d)

48.

49.

50.

Statement-1 is true, Statement-2 is true, Statement-2 is a
correct explanation for Statement-1

Statement-1 is True, Statement-2 is True, Statement-2 isNOT
acorrect explanation for Statement-1

Statement-1 is True, Statement-2 is False

Statement-1 is False, Statement-2 is True

Statement-1 : The resistivity for a substance is its resistance
when it is one meter long and its area of cross section is one
square meter.

Statement-2 : The SI units of resistivity is ohm metre (QQm).
Statement-1 : On increasing dilution, the specific
conductance keep on increasing.

Statement-2 : On increasing dilution, degree of ionisation of
weak electrolyte increases and molality of ions also increases.
Statement-1 : Galvanised iron does not rust.

Statement-2 : Zinc has a more negative electrode potential
than iron.
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EXERCISE - 3

Exemplar & Past Yeans

Exemplar Questions

1.

Which cell measure standard electrode potential of copper
electrode?

(a) Pt(s)|H, (g,0.1bar)|[H" (ag, 1 M)||Cu®* (ag, 1 M)| Cu
(b) Pt(s)|H, (g,1 bar)|[H* (ag, 1 M)||Cu?* (aq, 2 M)| Cu
(c) Pt(s)|H, (g,1bar)|[H (ag, 1 M)||Cu®" (ag, 1 M)| Cu
(d) Pt(s)|H, (g,0.1bar)|[H" (ag, 0.1 M)| |Cu* (ag, 1 M)| Cu

Electrode potential for Mg electrode varies according to the
equation

EMg2+/Mg - E;Igz*/Mg - 0'25910‘% [M;%J' The graph
of EMg2+ /vg V8 log [Mg2*] is
(@) EMg2+ /Mg
log[Mg2+:| -
log[Mg2+:| -
© EMgz+ /1\T/Ig J
10g[Mg2+:| -
@ Eygre e \

log Mg

Which of the following statement is correct?
(@) Ege and A,G of cell reaction both are extensive

properties.
(b) Egen and AG of cell reaction both are intensive
properties.
E 1 1s an intensive property while AG of cell reaction
is an extensive property.

©

NEET/AIPMT Questions

10.

11.

(d) Ece is an extensive property while AG of cell reaction
is an intensive property.

The difference between the electrode potentials of two

electrodes when no current is drawn through the cell is

(@) cell potential (b) cellemf

(c) potential difference (d) cell voltage

Which of the following statement is not correct about an

inert electrode in a cell?

(@) It does not participate in the cell reaction

(b) It provides surface either for oxidation or for reduction
reaction

(c) It provides surface for conduction of electrons

(d) It provides surface for redox reaction

An electrochemical cell can behave like an electrolytic cell

when ......

@ E=0 (b) Ecen > Eext

(©) Eext> Ecen (d) Ecen = Eext

Which of the statements about solutions of electrolytes is

not correct?

(@) Conductivity of solution depends upon size of ions

(b) Conductivity depends upon viscosity of solution

(c) Conductivity does not depend upon solvation of ions
present in solution

(d) Conductivity of solution increases with temperature

Using the data given below find out the strongest reducing

agent.
Qo
Cr0% /et 1.33v; Ec12/c1*:1'36v
wnos n2e = 1SIVs E s =074V
@ CI b) G
(c) Cr3* (d) Mn2*

Use the data given in Q. 8 and find out which of the following

is the strongest oxidising agent?
(@ CI (b) MnZ*

(© MnOj () Crd+

Using the data given in Q. 8 find out in which option the
order of reducing power is correct.

@ cr*f <cl” >Mn*" <Cr
() Mn** <Cl” >cr’t <Cr
© Cr*f <ClI” <Cr03” <Mn?
(d Mn* <cr’f<cCl”<Cr

Use the data given in Q.8 and find out the most stable ion in
its reduced form.

(@ CI (b) Cr3*
) C (d) MnZ*
12. Use the data of Q. 8 and find out the most stable oxidised
species.
@ Cr* (b) MnO;
(© Cr07 (d) Mn2*
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The quantity of charge required to obtain one mole of
aluminium from Al,O5 is ....... .

(@ 1F (b) 6F

(c) 3F (d) 2F

The cell constant of a conductivity cell ........ .

(@) changes with change of electrolyte

(b) changes with change of concentration of electrolyte
(c) changes with temperature of electrolyte

(d) remains constant for a cell

While charging the lead storage battery ......... .

(@) PbSO, anode is reduced to Pb

(b) PbSO, cathode is reduced to Pb

(c) PbSO4 cathode is oxidised to Pb

(d) PbSO, anode is oxidised to PbO,

o

Am(NH4OH) is equal to....... .

o

@  Am(Niyom) + ANyl ~ Am(tcn)

() Am(Nmycl) t Am(Naon) ~ Am(ner)

©  Am(NHycn) t Am(Nac) ~ Am(NaoH)

(@) Am(Naom) T Am(Nact) ~ Am(NH CI)

In the electrolysis of aqueous sodium chloride solution which
of the half cell reaction will occur at anode?

@ Na'(aq)+e” ——>Nals); Egq =271V

=123V

o
cel

(b) 2H,0(1) >0, (g)+4H" (aq)+4e ; E

_ 1 .
(¢ H'(aq)+e —5Ha(8) By =0.00V

_ 1 - e
@ CI (aq)—>5C12(g)+e ; Eeel =1.36 V

cel

NEET/AIPMT (2013-2017) Questions

18.

19.

20.

A hydrogen gas electrode is made by dipping platinum wire
in a solution of HC1 of pH = 10 and by passing hydrogen gas
around the platinum wire at one atm pressure. The oxidation

potential of electrode would be ? [2013]
(@ 059V (b) 0.118V
(¢ L18V (d) 0.059V

At 25°C molar conductance of 0.1 molar aqueous solution
of ammonium hydroxide is 9.54 ohm™ cm?mol™! and at infinite
dilution its molar conductance is 238 ohm™! cm? mol!. The
degree or ionisation of ammonium hydroxide at the same
concentration and temperature is : [2013]
(@) 20.800% (b) 4.008%
(c) 40.800% (d) 2.080%
A button cell used in watches functions as following
Zn(s) + Ag,0(s) + H,0(l) =—=

2Ag(s) + Zn?*(aq) + 20H (aq)
Ifhalfcell potentials are :
Zn?**(aq) +2e~ — Zn(s); E°=-0.76 V
Ag,0(s)+ HO () +2¢ — 2Ag(s) +
20H (aq); E°=0.34V

21.

22,

23.

24,

25.
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27.

28.

29.
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The cell potential will be : [2013]
(a) 042V (b) 0.84V
(c) 134V (d LI1OV

How many grams of cobalt metal will be deposited when a
solution of cobalt (IT) chloride is electrolyzed with a current
of 10 amperes for 109 minutes (1 Faraday= 96,500 C; Atomic

mass of Co=59 u) [NEET Kar. 2013]
(@ 0.66 (b) 40
(c) 200 (d) 400

Consider the half-cell reduction reaction :

Mn?"+2¢— Mn, E°=-1.18 V

Mn2" ->Mn3"+e,E°=-1.51V

The E° for the reaction 3Mn2?" — Mn® + 2Mn3", and

possibility of the forward reaction are, respectively
[NEET Kar. 2013]

(@ —-2.69Vandno (b) —4.18 Vandyes

(c) +0.33Vandyes (d) +2.69Vandno

When 0.1 mol MnO - is oxidised the quantity of electricity

required to completely oxidise MnO,>~ to MnO,~ is:

(@ 96500C (b) 2x96500C [2014]

(c) 9650C (d) 96.50C

The weight of silver (at wt. = 108) displaced by a quantity of

electricity which displaces 5600 mL of O, at STP will be :

(@ S4g (b) 10.8g [2014]

(c) 549¢g (d) 108.0g

A device that converts energy of combustion of fuels like

hydrogen and methane, directly into electrical energy is

known as : [2015]

(@) Electrolyticcell ~ (b) Dynamo

(¢) Ni-Cdcell (d) FuelCell

Aqueous solution of which of the following compounds is

the best conductor of electric current ? [2015 RS]

(@) Aceticacid, C,H,O,

(b) Hydrochloric acid, HCI

(c) Ammonia, NH,

(d) Fructose, C;H,,0O(

The pressure of H, required to make the potential of

H,-electrode zero in pure water at 298 K is : [2016]

(@ 10 "“atm (b) 10-2atm

() 10%atm (d) 10*atm

Ionic mobility of which of the following alkali metal ions is

lowest when aqueous solution of their salts are put under

an electric field ? [2017]
@ K (b) Rb
(¢ Li (d) Na
In the electrochemical cell :- [2017]

Zn | ZnSO,(0.01M) | | CuSO, (1.0 M) | Cu, the emf of this
Daniel cell is E,. When the concentration of ZnSO, is
changed to 1.0M and that of CuSO, changed to 0.01M, the
emf changes to E,. From the followings, which one is the
relationship between E,| and E,?

) RT
(Given, 3 =0.059)

(@ E,<E,
(c) E,=0=E,

(b) E,>E,
() E,=E,
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(b)

(@)

(d)

(b)

(@)

(©

(b)

Hints & Solutions
8

Charge passed
= 30x 60 %2 =3600coulombs

Chlorine liberated
35.5x3600
=——=1.32gm
96500
NHZ is conjugate acid of NH; as it is capable of giv-
ing H* ion.
NH;+H"——  NHj
Base Conjugate acid
Molarity=0.01 M ; Resistance =40 ohm;

/ _
Cell constant = =0.4cm ! .

Specific conductivity (k)

_ cell constant _ 04

——=10.01 ohm™! ecm™

resistance 40

1000x

Molar conductance (A,) =————
Molarity

_1000x0.01
.01

Specific conductance of the solution () =0.012 ohm™! cm™

Land resistance (R) =55 ohm.

Cell constant = Specific conductance x Observed

resistance

=103 ohm™! em? mol™!

=0.012 x 55=0.66cm 1.
Difluoroacetic acid being strongest acid will furnish
maximum number of ions showing highest electrical
conductivity.
Volume of 1 x 10 5 gm of hydrogen

_ 22400x107°

2
When 0.5 amp flows for 2 hours, charge passed
=0.5%x60 % 60 x2=3600 coulomb
Now 1 coulomb of electricity releases

_ 22400x107

C.C.

c.c. of gas

3600 coulomb of electricity releases,

_ 22400x107 3600

litres = 0.4 litres

2 103
A%y = 42622 )
AReona =91.0 ()
Afac1 =126.5 (iii)

Axeon = (1) + (i) — (iil) = [426.2+91.0 - 126.5] = 390.7

0.

10.

11.

12.

13.

14.

(b)
(@)

©

(b)

(b)

(b)

©

ohm™! cm?2 (geq)™!

1000 1 7 1000
Aeq SKX—— = —X—X——
N R a N

000

1
= — x cell constant x
R

1 1000
=—x088x—— = mho cm? g eq!
220>< X 0.01 400 mho cm“ g eq
Charge=1 %30 x 60 =1800 coulomb

96500 liberates 35.5 gm of Cl

1800 coulomb liberates

35.5x1800

—  _=0.66 fCl
96500 gmo

Here, R=31.6 ohm

.. Conductance = — = ——ohm™! = 0.0316 ohm"!
Coonductance R 316 . onm

Specific conductance = conductance x cell constant.
=0.0316ohm™! x 0.367cm™ =0.0116 ohm™! cm™!
Now, molar concentration =0.5M (given)
=0.5x 1073 mole cm3
Kk 00116
.. Molar conductance = E ==
0.5%x10
=23.2Scm2 mol !
For the given cell
M|M*

R.H.S. : Reduction -

X~ |X, the reaction can be given by

X+e =X ;E’ =033V
L.H.S. : Oxidation

MM +eE =049V
Adding both half cell reactions, we get

M+X->M"+X~

Ecenl = Eps —Eppg = 0.33-0.44=-0.11V

Since E ;= —Vve, the reaction can not be spontaneous
in forward direction but can proceed spontaneously if
the direction is reversed.

Given current (i) = 0.5 amp;

Time (t) = 100 minutes x 60 = 6000 sec

Equivalent weight of silver nitrate (E) = 108.
According to Faraday's first law of electrolysis

_ Eit  108x0.5x6000
96500 96500
According to Faraday's law of electrolysis, the amount
of metal deposited on an electrode is directly
proportional to the amount of electricity passed and
equivalent weight of metal. Now equivalent weight of

=33575g.
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(d)

(@)

(d)

(b)

(b)

(@)

(b)

(d)

3
1.e. 12.15 and of

sodium is 23, magnesium is

aluminium is 27 i.e. 9. So, sodium which has highest

equivalent weight among Na, Mg and Al, is deposited
to highest extent during electrolysis.

1 mole of e =1F =96500 C

27g of Al is deposited by 3 x 96500 C

5120 g of Al will be deposited by

B 3x96500x5120
B 27
2H'+2¢" —— H,

=5.49%107C

2
Ep (Eq. wt)= 3 =lg

- &;‘00:11200 ml (STP)
Total ch d—w—%S
otal charge passed = 11200
Q=1t=965
965 '
Wa _ Wi 1.6 _ Wt of Ag
Ex, Eg 8 108

S Wt.of Ag=21.6g¢g

Here Ag" acts as oxidising agent and Co®" acts as
reducing agent. So, cell can be represented as

Co?"| Co**(aq.) || Ag'(aq.) | Ag

Using Nernst equation,

0.0591, | [Co** (aq)l[Ag] |

n o llAg" @a)iCo® |
So, lesser the logarithmic term higher will be the value
of E ;. Among the given combinations logarithmic
term is lesser for 0.1 M Co3* and 2M Ag* and hence it
will form a cell of highest voltage.

Cut2+ 2 — Cu(s)

2x96500C  63.6g

Ecell = Ezell -

63.6
020 9650 =
2%96500 318¢g

Charge=0.2 x 1 Faraday

=0.2 x 96500 coulombs

=19300= 1.93 x 10% coulombs
Magnesium which is more electropositive than iron
prevents the rusting of iron by converting themselves
into positive ion and thus reverses the process of
conversion of iron to Fe 3* ion.

9650 C will deposit =

Agt+e ——Ag
96500 coulombs deposit=108 g of Ag
108

. it=—x965=1.08g A
. 965 coulombs deposit 96500 gAg

23.

25.

26.

27.

28.

29.

31
32

(@)

©

(@)

(@)

©

(@)
(b)

(b)

(©
(b)

CHEMISTRY

Total charge on one mole of monovalent metal ion
= Charge on N, electrons

1F =96500 coulombs = 9.65x10% coulombs .
Using Faraday’s second law of electrolysis,

Weight of Cu deposited  Equ. wt. of Cu
Weight of Ag deposited Equ. wt. of Ag

wey 635 1
0.18 2 108
63.5x18

= 222%0 05290
Weu™ 55108100 &

Charge passed =25 x 1073 x 60
=15x107" =1.5 coulomb

Ca’" +2¢e—>Ca

Now for calcium ion,

2 % 96500 coulomb is required for
6.02 x 1023 atoms

23
0.3 coulomb will be required for 6.02>x107" x1.5
2x96500
=4.68 x 10!8

For deposition of silver, reaction is

Agt+e — Ag

1 mol of Ag will be deposited by
=1F=96500C=9.65x 10*C

Since 1 equivalent weight of Ag is also equal to the
weight of its 1 mol, hence 1 equivalent weight of Ag
will be deposited by=9.65 x 104 C

According to the definition 1 F or 96500 C is the charge
carried by 1 mol of electrons when water is electrolysed
2H,0 —— 4H"+0, +4e"

So, 4 Faraday of electricity liberate = 32 g of O,.

Thus 1 Faraday of electricity liberate

32
= Tg ofO,=8 gof O,

Charging increases the voltage. When the discharged
cell is recharged, it acts as electrolytic cell.

A current of 96500 coulombs liberate 1 mole of O,.

= 96500 C liberates =22.4 L of O, at NTP

= 9650 C liberates = ﬁ>< 9650
96500

=2.24Lof O, atNTP

56

Fe’* +2¢” — Fe;Ep, :7=28

1 Faraday liberates =28 g of Fe
3 Faraday liberates =3 x 28 =84 gm

Amount of silver present in 125 ml of 1 M. AgNO;

108
1000

x125¢g
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33.

34.

35.

36.

37.
38.
39.

41.

(d)

©

()

(d)

(d)
(b)
(@)

(d)

(b)

Qneeded for deposition of 108 g (1 gequivalent of Ag) 42.
=1F=96500C

.. Qneeded for deposition of 43.
108 8
——x125g Ag=—-x x125F =0.125F
1000 £ 7108 " 1000
=0.125 x 96500 C 4.
Since, Q=1ixt
. 0.125x 96500 50
24125 >
[Given: i=241.25 amperes]
Charge (Coulombs) pass per second = 106
number of electrons passed per second
-6
= ng =6.24x10"
1.602x10~
o 2.303RT .0591 45.
E. . =—10gKeq =Tlog Keq 4.
.0591
= " logl0°® = 0591 x 3=0.1773V .

2Cr** +7H,0 - Cr,03™ +14H"

0.S. of Cr changes from +3 to +6 by loss of electrons.
At anode oxidation takes place.
In electrolysis of dilute H,SO,, O, is liberated at anode.
It can be summarised as follows :-
H,SO, — 2H"+80,>
H,0 —— H"+O0H"
During electrolysis, the hydrogen ions migrate towards
the cathode and are collected here in the form of
hydrogen gas.
Following reactions take place
At cathode : 2H" +2¢- —— H,

4H" +4e- —— 2H,
Atanode: 2H,0 ——> O, +4H"+4 ¢~
Overall reaction is
4H"+2H,0 —==2H,+ 0, +4H"
Thus, we see that hydrogen is produced at cathode
and oxygen at anode during electrolysis.
Calomel electrode is used as reference electrode.
Electrode potential is considered as zero
Ag is easiest to be reduced among the given choices 48,
because its reduction potential is highest among the
given choices.

Reduction

Zn?" +2¢ ——7Zn

It shows reduction reaction.

2AgC1(S) + Hz(g) —> 2HCl(aq) + 2Ag(S)

The activities of solids and liquids are taken as unity

and at low concentrations, the activity of a solute is  49.
approximated to its molarity.

The cell reaction will be

Pt(g) | Hy(g), 1bar [ H (4q)IM | AgCl,q) IM| Ag g,

421
(@)
k= Cell constant _ 1.15
@ R 250
1.15 1
EREERLOI
250 1

(c) Molar conductance of solution is related to specific
conductance as follows :

1
A = K 1000

(D)

where C is molar conc™.
Putting K= 6.3 x 1072 ohm~! cm~! and
C=0.IMinequ (1), we get
1000
Am = (6.3 x102ohm T em™1) x — 3.
(10' Imol/cm™)
=6.3 x 1072 x 10* ohm~!em?2 mol~
=630 ohm~! cm? mol !

(@) Anode has negative polarity.

(b) Reduction occurs at cathode. Among the given choices,
the reaction shown in option (b) is the reduction of
Ag* to Ag. So, it occurs at cathode.

(@) Cellreaction
cathode :

1 _ _
HZO(€)+EOz(g)+2e ——> 20H (aq)

anode : H,(g)—> 2H" (aq) +2¢~

H,0(0) + %02 (g)+Hy(g)—> 2H" (aq) + 20H" (aq)

Also we have

H,(g) +%Oz(g)—> H,0(¢): AG} =-237.2kJ/mole

H,0(/)—> H" (ag) + OH (aq);
AG° =80 kJ/mole

Hence for cell reaction
AG°® =-237.2+(2x80)=-77.20 kJ/mole

AG® 77200

nF  2x96500
(b) (A3 +e — A%, AG,=-1Fy,
(i) A?" +2e-——— A, AG, =-2F(-y,) =2Fy,
Add, (i) and (ii) we get
A3t + 3¢ —A;
AG;=AG|+AG,
—3FE° =—Fy, +2Fy,
—3FE°=-F (y,-2y))
Y2 =20

Eo==2
3

(@) Inthe electrolysis of cupric sulphate, the reaction that
occurs at cathode is

E°=— =0.40V

Cu?* +2¢” ——Cu
Thus 2F or 2 x 96500 C of electricity is required to
deposit



50.

51

52.

53.

4.

422

(b)

©

(d)

(b)

(d)

=1mol of Cu=63.5 g of Cu

It means that to deposit 63.5 g of Cu, the amount of
electricity required =2 x 96500 C

So, to deposit 0.634 g of Cu, the amount of electricity

2x96500

63.5

Without losing its concentration ZnCl, solution cannot
kept in contact with Al because Al is more reactive
than Zn due to its highly negative electrode reduction
potential.

required = x0.634 ~1930C

2Cut ——>Cu*? +Cu
2 +Cu*t — sCus B =034V; .3)
e +Cut?— >Cut i B, =0.15V; ...(i)

... (iii)

Cu'+e —Cu; E; =7?

Now, AG| = —nFE| =-2x0.34F
AG, =—1x0.15F , AG; =—1x E5F
Again, AG| = AG, +AG;

= —0.68F =—0.15F — E,F

= E; =0.68—0.15=0.53V

o

o o 2
Eecenr = Ecathode (Cqu /Cw) = Egnode (Cqu /Cqu)
=0.53-0.15=0.38 V.
In the silver plating of copper, K[Ag(CN),] is used

instead of AgNO;. Copper being more electropositive
readily precipitate silver from their salt solution

Cu+2AgNO; —— Cu(NO3), + Ag

whereas in K[Ag(CN),] solution a complex anion
[AQ(CN),]" is formed and hence Ag™ are less available
in the solution and therefore copper cannot displace
Ag fromits complex ion.

I=1A,t=16 min. 5 sec=965 sec

Quantity of electricity pased,
Q=It=1%x965C=965C

The reaction involved at the cathode is

Cu?t +2¢ — Cu

Thus, 2F (=2 x 96500 C) deposits

=1 mol of Cu=63.5g Cu

63.5x965
965 C deposits= —————gCu=0.3125gCu
= eposits 5296500 g g
Now, Normality of the solution
0.3125 1000
=———x——=0.01IN
(63.5/2) 1000
Fo— 0.059110gK
n

Here, n=2,E°=0.295

35.

56.

57.

38.

59.

60.

CHEMISTRY

2x0.295

logK =
8% = 70.0591

=9.98~100r K =10'°

(b) RHS:2H*+2¢" == H,(P,)

(@)

©

(d)

(b)

(d)

LHS : H,(P|) == 2H"+2¢"

overall reaction : H, (P) == H,(P,)

pep-RlypP g RT, B _RT, P
nF Pl nF Pl nF P2

Zn(s)+2H" (aq) =2Zn*" (aq) + Hy(g)

0.059 [Zn**][H,]
2 [H+ ]2

Addition of H,SO, will increase [H]and E el Will also
increase and the equilibrium will

shift towards RHS

According to Faraday’s law of electrolysis

W=ZQ

where W is weight of substance liberated at an electrode,

Z is electrochemical equivalent and Q is quantity of

electricity passed.

When Q coloumbs of electricity passed through molten

Al, 05, the amount of Al liberated is

War=ZaQ

_ equ.wtof Al
= Wy=—"
Al 96500 >

Econr = E°onp —

27
= 18- 3. 96300 2
Similarly when Q cloumbs of electricity is passed
through molten NaCl, the amount of Na liberated is

23
Wia = 96500Q
Divide (ii) by (i), we get
Wna 23 5 96500x 3
1.8 96500 27

23
= Wy, = 1.8><3><2—7 =46g.

o RT
Eeyp =Ecey ———In0
nF

C

At equilibrium,
Ecell:() and Q:KC‘

Ecent # Ecelt

A current of 96500 coulombs liberate 1 mole of O,.
= 96500 C liberates =22.4 L of O, at NTP

= 9650 C liberates = 2.24 L of O, at NTP

Here Ni is anode and Au is cathode

Given E° =+1.5V

Y2y =025V and E;

3/ Au

Egey =E¢ —Ej =1.5-(-025)=15+025=175V
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6l (© E v, =—074V, E

62.

63.

65.

66.

67.

68.

69.

(@)
©

(@)

Co%*/Co =-028V

The given cell reaction is
Cr|Cr** (1.0M) || Co** (1.0 M) | Co

.. Cris anode and Co is cathode

E. = Ep—Ey =—028—-(-0.74)
=-028+0.74=+046V

On removing the salt bridge between the two half cells

the circuit is broken. Hence, emf becomes zero.

TheE?,,, is given by

E° 0.0591

cell =

log Koq

0.0591

o 0.591= log Keq

or KquI x 1010

Given : [Fe? +e~—> Fe?']x2
E°=0.771%x2V =1.542V
217 ——> 1, +2e E°=-0.536V

(b)

(b)

(b)

©

(@)

2Fe3t + 21" —— 2Fe?* +1,
E° = 1.542-0.536=1.006 V

cell ™ *
For the given cell

[Zn*" (aq)]

[Cu®* (ag)]
The cell potential will decreases with increase in
[Zn2" (aq)] and will increases with increase in

[Cu**(ag)]-

Fe is above Pb in the electrochemical seriesi.e. E

0.059V
lo

E = ocell N 2

cell

o

oxid
of Fe (+ 0.44 V) is higher than Egq of Pb(+0.129 V).
Hence, on addition of powdered Fe and Pb to a solution
of Fe™ ionand Pb*™ ion, the following reaction will
take place :

Fe(s)+Pb™ " (aq)—— Fe* ¥ (aq) + Pb(s)

So, more Pb and Fe™ ions will be formed.
Maximum work done=W__

= —nFE.,;; =—2x96500x1.10 = —212.30 KJ

pH changes from 0 to 7.
. [H"] changes from 1 to 10~7 M.

—0.059 1
log——
[H']
=0.0591og 1077

ie.,0.059 x (—7)=—0.41 volt.
2Ag"+H, —> 2H'+2Ag

Accordingly E,; =

E=E°

0.0591 [H*T?
- log >
2 PH2 X[Ang]

70.

71.

72.

73.

74.

0.222 =10.7995 - 0.0591 log !

2 [Ag" T

[Ag] =108
K= [Ag][CIT]=(10"28)x (1)=1098
(b) Nernst equation is
o 2303RT, [CI°[d]4
cell — lo 2 b
nF [AT'[B]
When E_; drops to zero the concentration of ions will

be equilibrium concentrations. We have for general cell
reaction

aA +bB ﬁé cC+dD

2.303RT o [CI[D]*

Ecell =

E.;=Eo; -

cell cell nF g [A]a [B]b

2.303RT
cell =—————log K,
[Since at equilibrium E ;= 0]

o 0.0591

Ecell = 10g KC at 298K.
n

(@) Apply Nernst equation to the reaction
Pb+Sn?" — Pb2* + Sn

0.059, [Sn’']
——Ilog 3
2 [Pb™"]

or E°+ = Ecenl

Sn?*] 0.01x2
B J_0OU2 _ 03 (B =0)

o TP pp2t] 0.059
2+
or Eir;h}:antilog(OS)

(d) For a concentration cell having different
concentrations of ions.

0.0591
—log
n CH

E= 4

If all the concentrations are identical then obviously
the cell voltage is zero. But as the pH of 0.1 M HCI
(strong acid) and pH of 0.1M CH;COOH is (weak acid)
not same, therefore the cell voltage is not zero.
(b) Electricity required = No. of g equiv. x 96500 coulombs
=0.5x96500=48250C

(b) AG=-nEF

RT| €
nF Cl
InitR, T, n and F are constant

For concentration cell, E =

So E is based upon /n %
1

RT
Now AG = —nEF = —nFx—-In G /€

=-RTInC,/C,
At constant temperature AG is a function of
In G,)/C;



75.

76.

7.

78.

79.

&0.

81.

&2.

3.

&5.

&7
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(d)

(b)

(b)
(b)
(b)

(d)

©
(d)

(b)

(b)

©

©

(d)

This is because zinc has higher oxidation potential than
Ni, Cu and Sn. The process of coating of iron surface
with zinc is known as galvanization. Galvanized iron
sheets maintain their lustre due to the formation of
protective layer of basic zinc carbonate.

H" +e” —)%Hz; Eg :%XZ:I;

63.5

Cu” +2e” —Cuw; Eqy =——=31.75
2

0.504

W W,
ﬁ:—Hor WCu :TX31.75=16 g

ECu EH
Magnesium provides cathodic protection and prevent
rusting or corrosion.

In H, —O, fuel cell, the combustion of H, occurs to

create potential difference between the two electrodes
During charging, the lead storage battery behaves like
an electrolytic cell. So, at anode the reaction is

PbSO, +2H,0 ——>PbO, +4H" +S03™ +2¢~
At cathodes : Fet 4 2e~ s Fe;

Fe’t 43¢ — > Fe

At. wt. At. wt.
(Epe)r = ; (Epe)r = 3
E
Hence, (Ereh _3
(EFe)2 2

2NH,Cl+ Zn — 2NH; + ZnCl, + H, T.

Discharge

Pb + PbO, + 2H,S0, 2PbSO, +2H,0.

Recharge
Sulphuric acid is consumed on discharging.

For spontaneous reaction Egeu must be positive.
Zn?* ——7n; E’ =-0.76V

Ccu’* ——cCu; E*=-034V
Here Cu acts as cathode and zinc acts as anode.

Eoeyl = B¢ —Ej = (<0.34)—(~0.76)
=0.42 V.

Effici fa fuel 11()—£
1ciency of a tuel cell (17 AH

o 00591

As Lol = log K
0591

o046 = 0.059 logK,
2%0.4

o logK, = 2040 5 5
0.0591

or K = Antilog 15.57=3.7 x 1015 = 4x 1015

From the given data we find Fe?" is strongest oxidising
agent. More the positive value of E°, more is the
tendency to get oxidized. Thus correct option is (c).
Kohlrausch’s Law states that at infinite dilution, each

8.

9.

91.

92.

(©

(d)

(@)

(d)

K, = ~
“ -

(@)

CHEMISTRY

ion migrates independent of its co-ion and contributes
to the total equivalent conductance of an electrolyte a
definite share which depends only on its own nature.
From this definition we can see that option (d) is the
correct answer.

Writing the equation for pentane-oxygen fuel cell at
respective electrodes and overall reaction, we get

At Anode:

CsH,, +10H,0 — 5C0, +32H" +32¢”

(pentane)

At Cathode:

80, +32H" +32¢ — 16H,0
Overall:CsH,, +80, = 5CO, +6H,0

Calculation of AG® for the above reaction
AG®°=[5%(-394.4)+ 6x (-237.2)]

—[-8.2]
=-1972.0-1423.2+82=-3387.0kJ
=-3387000 Joules.

From the equation we findn =32

Using the relation, AG® = — nFE.

oy and substituting

various values, we get

—3387000=-32x96500% E°

cel,

, (F=96500C)

o 5 = 3387000
el = 32 % 96500

3387000 3387
= 2200 220 10968
3088000 . 3088

Thus option (c) is correct answer.
Cut+2e - Cu;
AG®=—nE°F =-2xFx0.337 =-0.674 F (i)
Cut > Cu2t+e;
AG®=—nE°F=—1x Fx-0.153=0.153 F
On adding eqn (i) & (ii)
Cut+e > Cu;
AG®=-0.521 F=—nE°F,
Heren=1 .. E°=+052V
s O=ixt
5 0=4.0x104x6x60x60C =8.64x108C

(i)

APt 4 3¢ — Al
3x96500C 27¢g

[3x96500 C liberates =27 g of Al]
.. 96500 C liberates 9 g of Al

9
8 Cli = 8.64x10°
8.64 x 10° C liberates 96500 < 304> gAl

=8.1x10*gofAl
Degree of dissociation
A 80

=2 _2x1072
A, 400

CO(2

2 1 2\
col :3_2x(2x10 ) ~125x107°

Cu+2 Ag* (aq) — Cu®'(ag) +2 Ag(s)
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9. (a)
9. (¢)
95. (a)

9. (c)

97. (b)
98. (b)
9. (d)
100. (d)

Here,n=2, Ego =046V

AG® = —nE°F _ — 2%0.46%x96500
1000
Dilution of strong electrolytes increases ionisation,
hence ionic mobility of ions which in turn increases
equivalent conductance of the solution.
Conductivity of an electrolyte depends on the mobility
of ions and concentration of ions. The motion of an
ionic species in an electric field is retarded by the
oppositely charged ions due to their interionic
attraction. On dilution, concentration of electrolyte
decreases and the retarding influence of oppositely
charged ions decreases. Therefore mobility of ions
increases.
Option (ii) and (iv) are correct
As the value of standard reduction potential decreases
the reducing power increasesi.e.,

Z > X > Y

kJ =—89KkJ

(-3.0) (-12) (+0.5)
CuzJr +le —> CuJr Elo = 015V,AG10 = —I’llElOF
Cqu +1le > Cu Eg = OSOV,AGS = —angF
Cu?" +2¢” > Cu AG® = AG® +AG%,
—nE°F=—1n E\°F+(-1)n, ESF
—nE°F=—-1(n; E\° F+n, ESF)
o= I’llElo +n2E§ _ 0.15x1+0.50x1
n 2
E°=0.325V
Given ESH+4/SH+2 =+0.15V
Ecesjor =074V
Egel = Eox + Epeg —0.7410.15=089V
Standard Gibbs free energy is given as AG®° =—nE°F
IfE° <0ie.,—ve
AG°>0
Further AG° =—RTIn K,
- AG®°>0and Keq <0
Am(Nmycn) = AmNH} + Ame-

o

Am(NaoH) = Amyg+ + Amoy-

o o

Am(Naci) = Amyg+ + Amey-

: A;(NHX ) * A;(OH*)

o

")
| )

Am(NH,0H)=Am(NH 1) T Am(NaoH) _A(r)n(NaCl)

=A°

m(NHX)-FA +A?n(

Na+)

EXERCISE -2

L

(d)

(@)

(b)

(d)
(d)

(@)

(b)

(©

0 A 0

7\.m (BaSO4) = }\.Baer + }\.SOA%,

= }\.2 (BaClz) + }\.2 (H2S04)_ - Z}LZDHCI)
o 1 o

=X]+Xp —2x3; Ag :Ekm(BaSO4)

1
Conductivity (k)= —
Ra.
[ /
x =—; cell constant.| — | =1.29x100=129
Ra a
Again conductivity of 0.02M solution x= 5—;0 x129

« 1000 1 54 107*S m2mol™!
520 0.02

_xkx1000 129

A
m M

At Anode, C1I” - %Cl2 +e”

355x2

Equivalent wt. of chlorine (Ecy,) = =355

Eciy xIxt 355x2x30x60
96500 96500

Wei, = 1.32 gm

Charge on one mole of electrons = 96500 C

w__90
By Faraday's I* Law of electrolysis, &~ 94500
(where Q =it =charge of ion )
We know that no. of gram equivalent

Wit 1x965 1
E 96500 96500 100
(where i= 1 A, = 16x60+5 =965 sec.)

Since, we know that

1

Normality — No. of gram equivalent _100 =00IN

Volume (in litre) 1
In electrolysis of NaCl when Pt electrode is taken then
H, liberated at cathode while with Hg cathode it forms
sodium amalgam because more voltage is required to
reduce H at Hg than Pt.
As per reaction in (c), reduction occurs at iodine
electrode and oxidation at bromine electrode.




10.

11.
12.

13.

14.

15.

16.

426

(b)

(b)

(b)
(b)

(b)

(b)

©

(b)

Hence, E..;; = E° -E°
ONCe: Bcell = Fp) /1= T FBry /B

=0.54-1.09=-0.55V
The negative cell potential suggests the non-
spontaneity of thereaction. In other cases £, will be
positive.
sn*2e” ——sn?t E°=0.13V
Br) +2¢ ——2Br E°=1.08V

E° value shows Br, has higher reduction potential.
Hence

=F -E
Ecent Bry /Br™ Sn*4/sn*?

=1.08-0.13=0.95V
Now —AG =nF E_;.
n=2,F=96500.
—AG =2x96500 x 0.95 kJ /mol.

Also, AG =-2.303RTlog K

log K AG _ —(=2x96500x0.95)
g 47 9 303xRxT  2.303x8.314x298
=32.13
Keq =antilog 32.682 ~ 1032
Cellreaction is, Zn + Cu2* — Zn%* +Cu
o RT  [Zn*']
Eeeny = Eceny —— {n P
nk [Cu ]
(zn")
Greater the factor ( Cu2+) , less is the EMF

Hence £, > E,

It is the correct statement.

o

A, +A° _ =248x107*Sm’mol™!
Na OH

A, +A° _ =126x10"*Sm’mol !
Na Cl

A° 5, A% =280x107* S m*mol™!
Ba 2C1

o o o 0
Now, ABa(0H), = ABacly + 2ANa0oH ~2ANacl

ABa(OH), =280x107 +2x248x10™* ~2x126x10”*
ABa(omy, = 524% 10~*sm*mol .

K= i x Cell constant
R

Cell constant= kxR; 0.012 x 55=0.66 cm ..

A cation having highest reduction potential
will be reduced first and so on. However, Mg2*
in aqueous solution will not be reduced

(

E° <E .
L Mg2+/Mg H20/%H2+OH7J Instead water

would be reduced in preference.
For this cell, reaction is; Zn + Fe?™ — Zn2* + Fe

17.
19.

20.

21.

22.

23.

(b)
(@)

(@)

(b)

(d)

(d)

CHEMISTRY

Eogo_ 0.0591 logc—l; Fo— B4 0.0591 logﬂ
n C2 n C2
0591, 1072
=0.2905+ 0.059 logo—3 =0.32 V.
10~
Fo_ 0.0591 log K. log K, 032x2 _ 0.32
0.0591 0.0295
0.32
- K, =100.0295,
18. (c)

An oxidising agent with a higher reduction potential
will oxidise only reducing agent with a lower reduction
potential.

27 gm of Al is obtained by charge of 3 x 96500 C.

96500 C

“» 1 gm of Al is obtained by charge of 3 x

5. 5.12 x 103 gm of Al is obtained by charge of
3x%700x5.12x1000 =549 x107C.

AE =E° ——0'(;5910g[H+]2

=1.30 —0'%59105;(10*2)2:1.418\/

E_ ;= 0; when cell is completely discharged.

0059, [Znﬂ

e

(o]

cell ~ )

E cell ~

] s

o]

From the given representation of the cell, £_,;; can be
found as follows.

2
0059 [crt]
E. =(E°, —E° )— 1
cell ( Fe2* /Fe o3t /cr 6 0g [Fe2+]3
[Nernst-Equ.]
2
042 (0.72)- 20595, (0D -
6 (0.01)
0404072 0.059 log 0.1x0.1
6 0.01x0.01x0.01
-2
030089, 1075 0059
6 1076 6

=0.30-0.0393=0.26 V
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Hence option (d) is correct answer.
3
24. () CH;OH()+ 3 0, (g) = CO, (g)+2H,0 (/)

AG, =[AG;(CO,,g) +2AGy (H,0,0)] -

[AGf (CH,0H, / )+%AGf (Oz,g)}

=—394.4+2(-237.2)— (~166.2) -0
— 39444744+ 1662=-702.6kJ

2
0 66 x100 =97%

% efficiency =

25. (¢) AG=-nFE

For 1 mol of Al,n=3
4 4
For 3 mol of Al, n=§><3=4

3
o EoAG _ 966x10°

—nF —4x96500
.. The potential difference needed for the reduction
=2.5V.

26. (a) The value of E;/12+ M for given metal ions are

En fyn =~ 118V,
ECI'2+/CI' = _0.9 V,

EFe”/Fe =—0.44V and

Elgr oy =028V

The correct order of E;/[”/M values without

considering negative sign would be
Mn2* > Cr2* > FeZt > Co?'.

1
27. (¢) H'+e ——>EH2

, 0059, [P(H,)]"?
| [H']
Now if py, =2 atmand [H"]=1M

. 22 .
thenE:O—Mlog—= 005910g2
1 1 2
28. (d) Heren=4,and[H"]=10"3(aspH=3)
Applying Nernst equation
2+92
E—po _ 0.05910 [fe4 ]
n U H T pg,)
-3\2
=1.67—0'05910g (107)

4 1073)*x0.1

29.

30.

31

32

33.

34.

(@)

(d)

(b)

(d)

(d)

(d)

427

0.059

—1.67— log10” =1.67-0.103=1.567

l.3=i><£
50 4

L 65m™
A

AKX 1090
molarity

[molarity is in moles/litre but 1000 is used to convert
liter into cm3]

(L %65 m*) « 1000 cm’
260

0.4 moles

. 650m™! L
260x4 mol 1000

For a spontaneous reaction AG must be —ve

Since AG =—nFE°

Hence for AG to be -ve AE® has to be positive. Which
is possible when X=7n,Y =Ni

Zn+Nitt —— Zn™ +Ni

EOZn/Zn*z +EY 2+ /N 0.76 +(-0.23)

m’ =625 x 104 S m2 mol-!

= +0.53
(positive)

H,0==H" +0H"
H' +e a%Hz

.. 0.5 mole of H, is liberated by 1 F = 96500 C
0.01 mole of H, will be liberated by

96500

%001 =1930C

Q=Ixt

t:g:%:wjxloé‘sec
I 10x10°A

AgNO5(agq)+ KCl(aqg)—> AgCl(s) + KNO3(aq)
Conductivity of the solution is almost compensated
due to formation of KNOs(ag). However, after end
point, conductivity increases more rapidly due to
addition of excess AgNO; solution.

Higher the value of standard reduction potential,
stronger is the oxidising agent, hence MnO,~ is the

strongest oxidising agent.
B o2 =—041V E% 34 L 0v =077V

o} o
B 3t 2t =+ 157V, B2 34 20 =+1.97V



35.

36.

37.

38.

39.

41.

42.

428
(¢) GivenFe™3/Fe2t=+0.77V
and L,/2I"=0.536V
2(c+FetS __, Fe?) E°=077V
2 — L, +2¢” E°=-0.536V

2Fe™3 +2I ___, 2Fe*?+1,
E°= Eoox * Eored
=0.77-0.536
=014V
.. Since value of E° is + ve reaction will take place.
(@) Higher the value of reduction potential higher will be
the oxidising power whereas the lower the value of
reduction potential higher will be the reducing power.

(d) Acryco0m = ACH;c00Na * Atct ~ ANacl
=91+425.9-126.4=390.5 S cm?mol!
(b) According to Kohlrausch’s law, molar conductivity of
weak electrolyte acetic acid (CH;COOH) can be
calculated as follows:

A’chycoom = (AOCH3C00Na + Ay ) ~A'Nac
. Value of A°y,c; should also be known for

calculating value of A’cy,cooH -

(b) Given
Fe>* 43¢ - Fe>
E°p 3+, = 0036V (@)
Fe?* +2¢” - Fe>
E° 21 g, = 0439V ... (i)

we have to calculate

Fe't +e” > Fe?, AG =2
To obtain this equation subtract equ (ii) from (i) we get

Fe't +e - Fe?* ... (i)

As we know that AG = —nFE

Thus for reaction (iii)

AG = AG| - AG,

—nFE° = —nFE| — (—nFE,)

-nl'E° = nFE, — nFE,;

—1FE°=2%(-0.439)-3 x (- 0.036)

-1 FE°=-0.770F

s E°e=+0.770V

(d) Ereq= E?ed + 0~i91
Lower the concentration of M™", lower is the reduction
potential.
Hence order of reduction potential is :
Q>R>S>P

(d) Electrolysis of both KCI and NaCl liberates H, at the
cathode and Cl, at the anode. But the resulting
solutions will be different.

(c) Theoxidation states of X and Y are X>" and Y2*. Given
atomic masses are in the ratioof 1 : 2

log[M"*]

Atomic mass
+Eq. mass=—————
Oxidation state

E

(d)

45 (d)
46. (d)
47. (b
48 (b)
49, (d)
50. (a)

CHEMISTRY

". Equivalent masses are in the ratio

l:z or l:1 or 1:3
32 3
For Zn2* — Zn
o 2.303RT,  [Zn]
EZn2+/Zn N EZn2+/Zn h nF 1Og |:Zn2+:|
. 1
=-0.76 —%10 ——=-0.76 -0.03
2 7[0]
EZn2+/Zn =-0.79V

Cell constant = l/a
Unit=m/m?=m".
Larger the size, lower the speed.
2H" +2¢” ——H,
E,q=0.06 log [H"]= 0.06 x log/K,C
=0.06 x1log 103=—-0.18 V
Given I=3.86 amp
t=41 min 40 seconds = 2500 seconds

Mass deposited = ZIt
Where

_ Equivalent weight
- 96500

. . 40
Equivalent weight of Ca= > (Ca** - Ca)=20

20

= x3.86x2500=2
96500

We know, R « éor R= p(%j , where proportionality

constant p is called resistivity. If /=1mand A= 1m?2,
then R= p i.e., Resistance = Resistivity.

The specific conductivity decreases while equivalent
and molar conductivities increase with dilution.

Zinc metal which has a more negative electrode
potential than iron will provide electrons in preference
of the iron, and therefore corrodes first. Only when all
the zinc has been oxidised, the iron start to rust.

EXERCISE -3

L. (¢

Standard electrode potential of copper electrode can
be calculated by constructing a concentration cell
composed of two half cell reactions in which
concentration of species on left hand and right hand
side are unity.

Pt(s) | H, (g,l bar) ||H* (aq., 1 M) I Cu?* (aq, 1 M) | Cu

[

Oxidation half cell Reduction half cell

Electrode potential for Mg electrode varies according to

the equation :

E

£ 0059, 1

Mg2+/Mg - Mg2+/Mg B 2 g |:Mg2+:|
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E

E =
Mg®* /Mg 2

E° +—0'059 10g[Mg2+J

Mngr /Mg h Mngr /Mg 2

0.059 27 o
009 g [ T+

This equation represents equation of straight line.

Hence intercept (¢c) = ETV[g2+ /Mg and slope= ——

0.059
2

Thus, equation can be diagrammatically represented as:

3 (c)
4. (b
5 (d)
6 (c)
7. (©
8& (b
9 (©
10. (b)
1. ()
2. ()

T
EMgZJr /Mg

10g[Mg2Jr } -
E_y is an intensive property as it is independent of
the mass of species but A .G of cell reaction is an
extensive property because this depends upon mass
of species.
Cell emf is the difference between the electrode
potential of two electrodes when no current is drawn
through the cell.
Inert electrode does not participate in redox reaction
and acts only as source or sink for electrons. It
provides surface either for oxidation or for reduction
reaction.
If an external opposite potential is applied on the
galvanic cell and increased slowly. It is observed that
the reaction continues to take place till the opposing
voltage reaches the value 1.1V. At this stage no current
flow through the cell. Any further increase in the
external potential restarts the reaction but in the
opposite direction.
Hence, now the cell will behave like an electrolytic cell.
Greater the solvation of ions of an electrolyte lesser
will be the electrical conductivity of the solution.
Among the given options chromium has highest
negative value of E° hence, it is the most strongest
reducing agent.
Higher the positive value of standard reduction
potential of metal ion higher will be its oxidising
capacity.

Since, E° has highest positive value

MnOj /Mn%*
hence it is the strongest oxidising agent.

On moving down in electrochemical series reducing
power decreases as the value of electrode potential
decreases.

EOMHOZ /Mn2+ has highest positive value. So Mn%"

1s most stable ion in its reduced form.

E® 3+ ¢, has the lowest value of SRP. Hence, Cr3*

is the most stable oxidised species.

13. (¢
4. (@)
15 (a)
16. (b)
17. (@)

429

AP* (aq) — 1, Al(s)

Hence, total 3F is required.

)
Cell constant (G) = 1

where /= length of object and 4 = area of cross section
Since, / and 4 remain constant for any particular object
hence value of cell constant always remains constant.
When the lead storage battery is recharged the
reaction occurring on cell is reversed and PbSO, (s)
on anode and cathode is converted into Pb and PbO,
respectively
The electrode reactions are as follows
Anode reaction:

PbSO, (s) +2e~ — Pb(s) + SO,>~ (aq) (Reduction)
Cathode reaction:
PbSO, (s) + 2H,0 — PbO,(s) + SO, >~ + 4H" +2e~

(Oxidation)

Net reaction:
2PbSO, (s) + 2H,0 — Pb(s) + PbO,(s) + 4H" (aq.) +
25042 (aq.)

o o o

A m(Nmyct) = () T (o) (i)
Amn(NaOH) = A (Na*) + }\’(OH+) .(if)
AmNac) =* () 2 (o) -.(iii)

On adding (i) & (ii) and subtract (iii), we get :
Am(NH,C1) + Am(NaOH) ~ Am(Nacl) = Am(NH,0H)
In the electrolysis of aqueous NaCl, following reactions
are possible at anode.

At anode; CI~ (aq)—>%Clz (g)+e s

ECCH = 136V
At cathode; 2H,0(1)——0, (g)+4H" (aq)+4e™;

Eooy = -123V
The reaction at anode with lower value of E° is preferred
and therefore water should get oxidised in preference
to Cl_(aq). However on account of overpotential of
oxygen reaction (d) is preferred.

NEET/AIPMT (2013-2017) Questions

18. (a)

19. (b)

H, —— 2H"+2e"

1 atm 10-10

1

0.059
By, mt =0- —, log

i =+059V

Al’l’l

m 954
a= p» = =0.04008 =4.008 %.
m

238
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20. (d) E°qyq=E°qp+E%Rp 26. (b) HCI completely dissociates to give H" and Cls® ions,
hence act as very good electrolyte. While others are
=0.76 + 0314=1.10V non- electrolytes.
21. (¢) Applying, 27. (a) 2H'(aq)+2e” —>H,(g)
, Eit 0.0591, Py
=Zit = . _go_ 2
WA T 96500 o E=El-——log—05
Equivalent weight of cobalt (II) = 59/2 [H ]
I=10A Py,
Time (t)= 109 min = 109 x 60 sec 0=0-0.0295 log "
Substituting these values we get, (107 )
59x10x109 x 60 Py,
=——F——F——— =200 =1
2%x96500 (1077 )2
22. (@) AE°=E,4+Eqyq Py, =10~ atm
=-1.81-1.51=-2.69 28. (c) Li"being smallest, has maximum charge density.
Since AE® is negative .. Lit ismost heavily hydrated among all alkali metal
. AG=-nFE?°, AG will have positive value so, forward ions. Effective size of Li* in aqueous solution is

therefore, largest. So, moves slowest under electric field.

reaction is not possible.
29. (b) Forcell,

(+6) G7) Zn|ZnS0,(0.01 M) | CuSO,(1.0 M)|Cu
23. (¢) MnO; ——> MnOy +e~ 5
0.1 mole L _pe  _2303RT log[zn’]
Quantity of electricity required=0.1F cell cell nF [Cu2+ ]
=0.1x96500=9650C
. 2303RT (0.01)
24 (d) wg,=ng,x32 S E=E° 1 — IxF x log
5600 . When concentrations are changed for ZnSO, and
=——x32=8g = g 4
Wo, 22400 ) g =l equivalentof O, CuSO,, we can write
=1 equivalent of Ag =108 2.303RT 1
25. (d) A device that converts energy of combustion of fuels, E,=E - oF x log 0.01

directly into electrical energy is known as fuel cell.
E,>E,



