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ElEcTrochemisTry

reactions which produce electrical energy or those
chemical reactions which take place on passing
electricity.

2 Electrochemical cell

cell is known as electromotive force (emf) or cell
potential.

@ =/E9

= Eocell =E oxX +E°red

— o o — o o
=E cathode = anode — E right =E left

Electrolytic cell Galvanic or voltaiccell '’ .

The arrangement of elements in the order of
increasing reduction potential values is called
electrochemical series.

The standard electrode potential for flourine is
highest which indicates that fluorine gas (F,) has
maximum tendency to get reduced to fluoride ion
(F7). In case of lithium ion is weakest oxidising agent
while lithium metal is the most powerful reducing
agent in an agueous solution.

Non-spontaneous
redox reaction is made to
occeur.

Spontaneous redox ()
reaction produces electric
current.

Occur in same electrolytic
solution.

Occur in different electrolytic
solutions.

No salt bridge is required.  Salt bridge is essential to

maintain electro neutrality.

Cathode is negative and
anode is positive
electrode.

Cathode is positive and
anode is negative electrode. In this series Li is placed on the top and F at the
bottom. Their positions signify that Li is the most
power reducing agent which F is the most powerful

oxidising agent known.

3. Representation of a Cell
A cell can be represented as
s 7. Applications of Electrochemical Series

(i) Lower the value of reduction potential, greater is
its reducing power.

Zn(s)| Zn** (aq) ||Cu**(ag) | Cu(s)

Cathode
half- cell

Anode

(i) Metal having lesser value of standard potential
half- cell

can displace the other having higher value from
its aqueous salt solution.

8. Nernst Equation

£ [Anode]

[Cathode]
00591, G,
log—
2

Salt bridge
Current

o 00591

cell =5 cell ~

4, Potent.|al d‘lffere'nce between t.he metal and the For concentration cell, E =
metal ion, in which electrode is dipped is called n

electrode potential. At 1 atm pressure and 1M
concentration of electrolyte, electrode potential
is also known as standard electrode potential (£°).
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Standard Gibb's energy of the reaction,

A,G° = -nFE®°, =-2.303AT logK

A Quick Recapitulation of the Chapter
1. Electrochemistry is the study of the chemical 7 5. The difference in potentials of the two half-cells of a
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9. If two half reactions having potentials E°; and E°, are
combined to give a third half reaction having a

potential E°3, then AG? = AG? + AGS
_ nEY +nES

or E>
3 n
10. Relation between E, and pH
EH*/H2 = EOH'/H2_0’0591 log o

=0-00591(-log[H"]) = -00591 pH
oo H = _| H+
Relation between E, and K [+ p oglH"1]

£ 00591V

cell =

logK¢
11. Conductance (G) is the reciprocal of resistance and
may be defined as the ease with which the electric

current flows through the conductor, G = %
Here, R = Resistance [SI unit = Siemen (S) or ohm™']

12. Conductivity or specific conductance (x), of an
electrolytic solution may be defined as the [T
conductance of a solution of 1 cm length with its area

of cross section equal to 1 cm?.
1
K = — x cell constant
R

1 -1 N

Its unit is Sm~" or ohm™" cm

1

Molar conductivity (A,,) is defined as the conducting _

power of all the ions produced by dissolving one grarﬁg’.
mole of an electrolyte placed between two electrodes

placed at a distance of 1 cm. i g
_ k x1000

It is related to specific conductance as, A, = v

13.

where, M =molarity of solution

Its unitis Q' cm? mol™’

14.

15.

16.

I

18.

21.

. ELECTROCHEMISTRY
ELECTrOCmiSTry

On dilution, equivalent and molar conductivities
increase and specific conductivity decreases.

Kohlrausch’s law states that limiting molar conductivity
of an electrolyte is the sum of individual contributions
of conductivity of cation and anion of the electrolyte.

Ay = XAy + YA
(x and y = number of cations and anions)

: o A
Degree of dissociation, o = —™

amount of substance (w) liberated at electrode
= Z X,

. Faraday’s second law of electrolysis:

w_k

w, E,
[w, and w, are the amounts of substances produced at
different electrodes, E; and E, = equivalent masses]

. If a number of cells are connected in series, the

arrangement is called a battery. e.g. primary cells, i.e.
non-rechargeable cell (e.g. : dry cell, mercury cell),
secondary cells i.e. rechargeable cells (e.g lead
storage battery, nickel-cadmium cell) and fuel cells
.e. cells using hydrogen, methane as fuel (e.g. H, — O,
fuel cell)

Corrosion is the oxidative deterioration of a metal such
as conversion of iron to rust. It is basically an
electrochemical phenomenon.

Objective Questions Based on NCERT Text

Topic [l

Electrochemical Cells, Electrodes and Electrode Potential

1. The incorrect statement about electrochemistry is

(a) the study of generation of electricity by spontaneous
chemical reactions

(b) the study of use of electrical energy to bring out a
non-spontaneous chemical reaction

(c) reaction based on it is not so efficient and ecofriendly

(d) Transmission of sensory signals through cells to brain
are of electrochemical origin
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2.

3.

Zn (s) +Cu* (ag) —> Zn** (aq) +Cu(s)

The above redox reaction is used in

(b) Daniell cell

(d) All of these

For the generation of electrical potential of 1.1 V,
the ideal concentration of zinc and copper ion

(in mol dm ™) in the Galvanic cell is

(b) 2and 1

(a) Galvanic cell
(c) Voltaic cell

m
[A,, = molar conductivity at a given concentration,
A;, = limiting molar conductivity].
— O~
Dissociation constant, K, = ﬁ (for weak electrolyte)
-0
[C = concentration, o = degree of dissociation]
Faraday’s first law of electrolysis During electrolysis,
(a) 1and 1 (c) 3and2 (d) 4and 2

2ND FLOOR, SATKOUDI COMPLEX, THANA CHOWK, RAMGARH-JH-829122
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4. In general, in a Galvanic cell
(a) electrons flow from positive to negative electrode
(b) current flow from positive to negative electrode
(c) electrons and current flow in the same direction
(d) All of the above are correct

5. What happens when applied external opposite

potential in a Daniell cell reaches to 1.1 V?

(a) Chemical reaction stops

(b) Current starts flowing in a direction opposite to that of
the electrons

(c) Current starts flowing in the same direction as of
electrons

(d) The cell behaves like an electrolytic cell

6. When applied external opposite potential in case of
Daniell cell is less than 1.1V, then
(a) the cell behaves like an electrolytic cell
(b) electrons flow from zinc rod to copper rod
(c) zinc deposites at the zinc electrode and copper
dissolves from copper rod
(d) Current flow from zinc rod to copper rod ~

7. Electrolytic cell is a device

(a) in which a non-spontaneous chemical reaction is @

carried out at the expense of electrical energy

(b) in which a spontaneous chemical reaction is carried out” |

to generate electrical energy @

(c) in which applied opposite potential is less than the cell O
potential U

(d) Both(a) and (c)

8. Look at the Daniell cell, ’

The incorrect statement related to this cell is

(a) electron flow from zinc electrode to copper electrode,
when applied external potential is 0.9 V

(b) current flow from zinc to copper electrode, when
applied external potential is 1.5 V

(c) current flow from zinc to copper electrode when
applied external potential is 0.9 V

(d) zinc electrode acts as cathode and copper as anode
when applied external potential is 1.5 V

9. Select the correct statement(s) for the Galvanic cell.
(a) Itis not an electrochemical cell
(b) It converts the electrical energy to chemical energy
(c) In this device the Gibbs energy of spontaneous redox
reaction is used
(d) They are not used for running electrical gadgets

www.aepstudycircle.com

10.

11.

12.

13.

14.

15.

16.

. ELECTROCHEMISTRY
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Select the false statement for Daniell cell.
(a) Reduction half-cell reaction,
Cu’*(aq)+2e — Cu(s)
(b) Oxidation half-cell reaction,
Zn(s) — Zn2+(aq)+ 2e
(c) Reduction half-cell portion is also called redox couples
(d) All of the above

The electrode potential is known as standard B
electrode potential
(a) when it is reduction potential (according to [IUPAC)
(b) when concentrations of all the species involved is
unity
(c) when it is oxidation potential (according to [IUPAC)
|

(d) Both (a) and (b)

In a Galvanic cell

(a) anode is the electrode at which reduction takes place

(b) anode is the electrode which has a positive potential
with respect to solution

(c) cathode is the site of reduction

(d) Both (b) and (c)

Select the incorrect statement

(a) Cell potential is the difference between electrode
potentials of cathode and anode

(b) Cell potential is unitless quantity

(c) Itis also called cell electromotive force (emf) when no
current is drawn through cell

(d) Ina cell anode is kept on left and cathode on right

[n the cell representation,

(a) asingle vertical line separates an electrode from the
electrolytes

(b) two vertical lines shows salt bridge

(c) two vertical lines separate two electrolytes

(d) All of the above are true

Select the incorrect statement.

(a) Cell potential is given by the potential of half-cell on
the right hand side minus the potential of half-cell on
the left hand side

(b) Cell potential is given by
E = Ercd + E;xi

(c) Cell potential is given by

cell

Egy=E

(d) None of the above

cell cathode — Eunode

The correct cell representation of the following cell is

Zn+2Ag*— Zn?* +2Ag
(a) Zn( s‘)\Zn
(b) Zn** |Zn ||AgAg*

(c) Zn( aq)|Zn' (s)||Ag™ (s)|Ag(aq)

(d) Zn(s)|Ag* (aq)||Zn** (

(aq)||Ag™ (aq) + Ag(s)

aq)+ Ag(s)
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41.

42.

43.

Calculate the equilibrium constant for the reaction, 44.

Zn(s)+Cu* (ag) —> Zn**(ag) +Cu(s)
[Given, E_, =1.1V]

(b) 2x10%

(d) 2x10*

(a) 2x10%
(c) 2% 10%

Equilibrium constant (K) is related with standard

cell potential (£, ) but not with E ;. This is 45.

because
(a) E.

cel

| is easier to calculate as compared to £,

(b) E_,, becomes zero at equilibrium but E.

o1 does not

(¢) Ata given temperature, E_, changes hence, values of

K cannot be measured

(d) K also relates with £ P

In the given reaction,
2Cu” (ag)="Cu
=0.6 Vand E;u:+

2+(aq) +Cu(s)

47.
=041V
/Cu

Eu* /Cu
Find out the equilibrium constant. k-
(a) 276 x 10? "\

(b) 2.76 x 10*
(¢) 276 x 10°
)

() 276 x 10° B

Topic E

Conductance, Conductivity and Kohlrausch’s Law

48.

49.

50.

51.

Select the incorrect statement.

(a) SI units of resistance is kg m?/S’A2

(b) Wheat stone bridge is used to measure resistance as well
as resistivity 52.

(c) Resistance = resistivity, when /= Imand 4 = Im?
(d) Inverse of resistance is called specific conductance

The correct statement about conductivity is
(a) it is the inverse of resistivity

(b) its SI unit is Sm™

(c) it is equal to conductance, when l =1m™
(d) All of the above A 53.
Organic conducting polymers are

(a) polyaniline (b) polypyrrole

(c) polythiophene (d) All of these

What happens to the composition of metallic
conductor when electron enters at one end and go out
through other end?

(a) There will be change in metallic conductor

(b) Metallic conductor remain unchanged

www.aepstudycircle.com

ELECTROCHEMISTRY,

xu
ELECTrQCmiSTry

Which of the following statements is/are incorrect?

(a) Electrical work done in one second is equal to electrical
potential multiplied by total charge passed

(b) Charge has to be passed reversibly in order to obtain
the maximum work from Galvanic cell

(c) The reversible work done by Galvanic cell is equal to
decrease in its Gibbs energy

(d) AG =
If the E °ce,, for a given reaction has a negative value,
then which of the following gives the correct
relationships for the values of AG® and K ?

(CBSE AIPMT 2011)
(b) AG*> (K > 1
(dAG<G K, <]

ccll

() AG®> 0, K oy < 1
(©)AG°< (K, >1
Calculate the standard Gibbs free energy of

Zn (s) +Cu** (ag) —> Zn** (aq) +Cu(s)
(a) ~91FE, (b) ~2FE,y (c) -3FE,y, (d) —4 FE
The Gibbs energy for the decomposition of Al,05 at

500°C is as follows

§A1203 — §Al +0,; A, G =+960kJ mol '

cell cell

The potential difference needed for the electrolytic
reduction of aluminium oxide (Al,05) at 500°C is
atleast (CBSE AIPMT 2012)

(a) 4.5V (b) 3.0V (c) 2.5V (d)5. 0V

(c) There will be change on metallic conductor only in the
presence of applied pressure
(d) Metallic conductor will behave as insulator

Select the appropriate statement(s) about ionic

conductance.

(a) Itis the conductance of electricity by ions present in the
solutions

(b) It depends on nature of solvent, its viscosity and of
electrolyte

(c) It depends upon the size of ions produced and solvation

(d) All of the above

Which of the following statement is correct?

(a) Electrolytic conductance decreases but electrical
conductance increases with increase in temperature

(b) Electrolytic conductance increases but
electrical conductance decreases with increase in
temperature

(c) Electrolytic as well as electrical conductance decrease
with rise in temperature

(d) Electrolytic as well as electrical conductance increase
with rise in temperature
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54.

55.

56.

57.

58.

Alternating current (AC) is used instead of direct 59.
current (DC) for the measurement of conductivity of
ionic solutions. This is because

(a) alternating current changes the composition of the
solutions

(b) direct current changes the composition of the solution

(c) direct current is more powerful

(d) both (b) and (c)

Which of the following statement(s) is/are true

regarding to the cell constant?

(a) Itis the ratio of distance between the electrodes and
their area of cross-section

(b) Its SI unit iscm™

(c) Itis the measured directly from / and 4

(d) All of the above are correct

60.

KCl solution is generally used to determine the cell

constant because

(a) it is highly ionic in nature i)

(b) its conductivity is known accurately at various -
concentration and different temperatures

(c) size of cations and anion are comparable

(d) All of the above

61.

Which of the following information(s) is/are false for , 5
this figure?

(

62.

(a) This assembly is used for measuring conductivity of
solution

(b) O is an oscillator, i.e, a source of AC power
(c) P is the conductivity cell
(d) unknown resistance is measured by using the formula,
R, = ik
S RG

3

63.

The resistance of the cell containing KCI solution at
23°C was found to be 55 Q. Its cell constant is

0.616 cm ™. The conductivity of KCI solution

Q'em™)is
(a)1.21x107° (b) 1.12x 107
(€)1.12x1073 (d)1.21x107

www.aepstudycircle.com
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Which of the following statement is true for molar
conductivity?

(a) It differs due to charge and size of ions in which they
dissociate

1
(b) A, (Scm® mol')= K(Sem ')

1000 L cm ™ x Molarity (mol L)
k(S em)x 1000 (cm® / L)
Molarity (mol L)

(©) A, (Scm® mol™")
(d) All of the above

Resistance of 0.2 M solution of an electrolyte is S0Q.
The specific conductance of the solution is 1.3 Sm ™.
If resistance of the 0.4 M solution of the same
electrolyte is 260 €, its molar conductivity is

(AIEEE 2012)
(a) 6250 S m* mol ™
(b) 625x107™* S m? mol™
(¢) 625107 S m* mol ™
(d) 62.5S m* mol ™

Select the correct statement.
(a) Conductivity decreases but molar conductivity
increases with increase in dilution

(b) Conductivity increases but molar conductivity
decreases with increase in dilution

(c) Conductivity decreases but molar conductivity
increases with increase in concentration

(d) Conductivity as well as molar conductivity decrease
with decrease in concentration

Conductivity decreases with decrease in concentration
for weak as well as strong electrolytes.

This is because

(a) number of current carrying particles per unit
volume decreases

(b) volume of solution increases

(c) number of current carrying particles per unit volume
increases

(d) None of the above

The conductance of electrolytic solution kept

between the electrodes of conductivity cell at unit
distance but having area of cross-section large enough
to accommodate sufficient volume of solution is
called

(a) limiting molar conductivity

(b) molar conductivity

(c) conductivity

(d) All of the above

2ND FLOOR, SATKOUDI COMPLEX, THANA CHOWK, RAMGARH-JH-829122
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64. The graph of molar conductivity versus C"'* is plotted.
Which type of electrolyte are used in 4 and B ?

400

200

Am/(S cm?2 mol-)

0 0.2 0.4
C'2/(mol/L)12

A B
(a) Weak electrolyte Strong electrolyte
(b) Strong electrolyte Weak electrolyte
(c) Weak electrolyte Weak electrolyte

(d) Strong electrolyte Strong electrolyte
65. Consider the following graph.

149.81\

~ 149.41 ®

5 149.0+
€ 1486+
N
£ 148.2+
(&)

0 147.81 ~

~
£ 1474+

< \Jf:

147.0+

T T T 3 T
0.005 0.010 0.015 0.020
\C
Here the limiting molar conductivity is

(a) 148.6 (b) 150 (c) 87.46 (d) 147

66. Select the correct statement for A, =A% — AC"2.

(a) This equation is for weak electrolyte

(b) Intercept is equal to A |,

(c) Slopeis ‘4’

(d) Value of 4 depends on the charges of cation and anion
67. Two electrolytes X and Y are diluted. A , of ¥

increases 1.5 times and for X it increases 25 times.

Predict the strong electrolyte among X and Y.

(a) X (b) Y

(c) Both (a) and (b)

(d) There is no effect of dilution on nature of electrolyte

68. “Limiting molar conductivity of an electrolyte can be
represented as sum of the individual contributions of
anion and cation of the electrolyte”.

Which law states the above statement?

(a) Henry’s law

(b) Debye Onsager’s law

(c) Kohlrausch law of independent migration of ions
(d) All of the above

www.aepstudycircle.com

69.

70.

71.

72.

73.

74.
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Which of the following equation(s) is/are incorrect?

@) Angey ~ Ampvact = A mksr) ~ A mvasr)
o (<} o o

(b) A m(KBr) A m(NaBr) — A m(KI) ~ A m(Nal)
o o o o

(c) Am(NaBr) = Am(NaCl) = Am(KBr) - Am(KCl)

(d) None of the above

Ton A° (S cm? mol ™) Ion A°(S em?® mol ™)

The limiting molar conductivity of calcium acetate is
(use the data given in Q. 70)

(a) 159.9 ()200.8 () 78.1 (d) 156.2

H* 349.6 OH 199.1 B
Na* 50.1 Clr 76.3
K* 735 Br~ 78.1
Ca** 119.0 CH,CO0" 40.9
Mg** 106.0 No 160.0
Calculate the limiting molar conductivity of NaCl
and KBr from the above table.
NaCl KBr
(a) 126.4 150.6
(b) 126.4 151.6
(c) 150.6 126.4
(d) 151.6 126.4
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 (NEET 2013)
(2)425.5S em” mol™  (b) 180.5S cm® mol™
(¢)290.85S cm* mol™"  (d)390.5S cm’ mol™
Select the correct statement(s) for the weak
electrolyte.
(a) They have higher degree of dissociation at higher
concentration
(b) The change in A, with dilution is due to decrease in the
degree of dissociation and number of ions in the
solution that contain electrolyte

(c) A, increases steeply on dilution near high
concentration

(d) At infinite dilution, electrolyte dissociate completely
but at such low concentration the conductivity of
solution is low and cannot be measured accurately.

At 25°C, molar conductance of 0.1 molar aqueous
solution of ammonium hydroxide is

9.54Q 'em?mol " and at infinite dilution, its molar
conductance is 238 ohm ~'cm?mol ™' The degree of
ionisation of ammonium hydroxide at the same

(NEET 2013)

(d) 40 .80 %

concentration and temperature is

(a) 2.080% (b) 20.800% (c) 4 .008 %
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Topic E!
Electrolytic Cell and Electrolysis

75.

76.

i 8

78.

79.

80.

Which of the following statements is/are incorrect for

electrolytic cell?

(a) External source of voltage is applied to carry the
chemical reaction

(b) These cells are mainly used in laboratory and chemical
industry

(c) Simplest electrolytic cell consists of two copper strips
dipped in an aqueous solution of CuSO,

(d) None of the above

Select the incorrect statement.

(a) Highly reactive metals are produced by electrochemical
reduction of their respective cations

(b) Fused chloride of sodium is used to produce sodium by
electrolysis

(c) Oxides of Mg or Al are used to produce these metals by
electrolysis &

(d) Electrolysis of Al is done in the presence of cryolite —

In order to obtain pure copper from impure copper by
electrolysis

(a) anode is made from impure copper =
(b) copper is oxidised at anode and deposited at cathode :f,;‘f
(c) a solution of copper sulphate is used as electrolyte

(d) All of the above

Which of the following statement is incorrect?

(a) Mass of any substance deposited or liberated during
electrolysis is proportional to the charge passed through
the electrolyte

(b) Amounts of different substances liberated by same
quantity of electricity are proportional to their chemical
equivalent weights

(c) Equivalents of a substance are obtained by dividing its
atomic mass by n-factor

(d) Coulometer is an instrument which determine the
quantity of electricity passed from the amount of metal
deposited or consumed

What will be the weight of silver deposited, if 96.5 A
of current is passed into aqueous solution of AgNO,
for 100 s?

(a) 1.08 g (b) 10.8 g

(c) 108 ¢ (d) 1080 g

When 0.1 mole of MnO4 is oxidised, the quantlty of
electricity required to completely oxidise MnO2 4 to
MnOj, is (CBSE AIPMT 2014)
(a) 96500 C

(b) 2x96500C

(c) 9650C

(d) 96.50C

www.aepstudycircle.com

81.

82.

83.

84.

85.

86.

87.

88.
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An electrolytic cell contains alumina. If we have to
obtain 50 g Al by using 105 A of current, the time
required is
(a) 1.54 hr
(c) 1.42 hr

(b) 2.15 hr =
(d) 1.32 hr
1.5 A current is flowing through a metallic wire. If it
flows for 3 hrs, how many electrons would flow
through the wire?
(a) 205% 10* electrons (b) 1.0x 107 electrons
(c) 10** electrons (d)4.5x 10% electrons
|

How many coulombs are required in order to reduce
12.3 g of nitrobenzene to aniline?
(a) 579 C
(c) 57900 C

(b) 5790 C
(d) 579000 C

Calculate the time required to deposite 210~ cm
thick layer of silver (density 1.05 g cm ™) on the
surface of area 100cm ~ by passing a current of 10 A
through silver nitrate solution?
(a) 125 s
(c) 18.7 s

(b)115s
(d)27.25s

6 A current with 75% efficiency is passed through a

cell for 6 h? (z=4x10"*). The amount of metal

deposited will be
(a)224¢
(c)324¢g

(b)36.0 g
(d)388¢g

Same amount of electricity is passed through the
solutions of HCI and CuSO,. If 6.35g of copper is
deposited from CuSO, solution, the amount of
hydrogen liberated at STP will be
(a) 0.01
(c) 0.001

(b) 0.1
@1

10 F of electricity is passed through the solutions of
silver nitrate, copper sulphate and ferric chloride. The
amount of metal deposited at cathode in each case
respectively are

(a) Ag=1080g Cu=3175g Fe=186.7¢g
(b)Ag=108g Cu=3175g Fe=18.67¢g
(c)Ag=1080g Cu=317.5g Fe=186.7¢g

(d)Ag— 10. 82 Cu=317. 5g Fe=186.7¢g

When aqueous sodium chloride solution is
electrolysed

(a) at cathode H" is reduced into H, instead of Na*
(b) at cathode Na™ is reduced to Na

(c) CI" is oxidised into Cl, at cathode

(

d) Both (b) and (c)
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89. What will happen to pH of brine solution if electrolysed?

(a) pH will decrease (b) pH will increase

90. Which of the following reaction is preferred at anode during the electrolysis of H,SO, at higher concentration?

(a) 2H,0(/) — Oz(g)+4H+(aq)+4e_
(c) Both (a) and (b)

(b) 2803 (ag) —> S,05 (aq)+ 2e”
(d) None of these

91. Which of the following products are formed at cathode and anode during the electrolysis of an aqueous solution of

MgSO, between inert electrodes?
(a) O,(g)and SO,(g)  (b) O,(g)and Mg(s)

Topic E

(c) O,(g)and Hy(g) (d) Hy(g)and O,(g)

Batteries, Fuel Cells and Corrosion

92. The incorrect statement related to batteries is

(a) these are the assemblies having one or more than one cell
connected parallely

(b) these convert chemical energy of redox reaction into (>
electrical energy i

(c) these should be reasonably light and compact ®

(d) their voltage should not vary during the use o

93. Select the incorrect statement. @

(a) Primary batteries are non-rechargeable, so can be use(f;;
only once N

(b) Secondary batteries are rechargeable O

(c) Primary batteries may act as electrolytic cells =

(d) Secondary batteries may act as electrolytic cells )
94. Which of the following statement is incorrect for dry

cell?

(a) Reaction at cathode

MnO, + NH, +¢- —— MnO(OH)+ NH,

(b) Manganese is reduced from +5 to +4 state

(c) Cell potential is 1.5 V

(d) Ammonia form complex with Zn** to give [Zn(NHj; ), ]

74

95. What is the anode and cathode in the cell given in the

figure?
TP

N

Zinc cap MnO,+ carbon black + NH,Cl paste

Anode Cathode
(a) Zinc cup Carbon rod
(b) Carbon cup Zinc rod
(¢) Zinc rod Carbon cup
(d) Zinc cup Zinc rod
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96. The true statement about mercury cell is
(a) itis used in high current devices
(b) here Zn— Hg acts as cathode and a paste of C+ HgO
as anode

(c) the cell potential remains constant due to
non-involvement of such a ion, concentration of
which can change during its whole life

(d) All of the above

97. The incorrect statement about lead storage battery
is
(a) itis used in high current devices like invertors

(b) here lead acts as anode and lead packed with lead
dioxide acts as cathode

(c) during discharging, Pb and PbO,, both form
PbSO,

(d) during charging PbO, is formed at anode

98. Which of the following statements is/are false for
the given figure?

=

\\\\\\

(a) It has jelly roll arrangement
(b) It is separated by layer soaked in moist nickel
solution
(c) Overall reaction
Cd(s)+ 2Ni(OH),(s) —
CdO(s) + 2Ni(OH), (s) + H,0O(/)
(d) There is a separator between positive and negative
plate
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99. A device that converts energy of combustion of fuels
like hydrogen and methane, directly into electrical
energy is known as
(a) fuel cell
(b) electrolytic cell
(¢) dynamo
(d) Ni-Cd cell

100. Mark the incorrect statement(s) for fuel cells.

(a) Itis used in Apollo space programme and for drinking
water supply for astronauts

(b) Hydrogen and oxygen are bubbled through porous
carbon electrodes

(c) Catalyst like finely divided Pt or Pd are incorporated
into electrodes

(d) Anode reaction is O, + 2H,0(/)+4¢” —— 40H (aq)

101. Mark the incorrect statement about corrosion.
(a) It slowly coats the surfaces of metallic objects
(b) In it metal is oxidised by giving its electrons to
oxygen
(c) It damages buildings, bridges, ships and almost all tlfd
objects made of (metals especially that of iron) )
(d) All of the above are correct

N

(
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102. During the rusting of iron
(a) metal acts as cathode
(b) hydrogen ion acts as anode
(c) formula of rust is Fe;0,.xH,0
(d) the overall reaction is

2Fe + 0, +4H' — 2Fe** +2H,0

103. Given the standard electrode potentials.

(d) aluminium plating on zinc sheet

Special Format Questions

I. More Than One Correct Option

105. When an external opposite potential greater than
1.1 V is applied to the Galvanic cell
(a) electrons flow from copper electrode to zinc electrode
(b) zinc gets deposited at the zinc electrode
(c) current flows from zinc to copper electrode
(d) copper gets deposited at the copper electrode

106. Select the correct statements.
(a) When a metallic electrode is dipped into the solution of
its electrolyte, a half-cell is formed
(b) A metallic wire is used to connect the two half-cells

(c) A salt bridge is required when both the electrodes are
dipped in the solution of same electrolyte

(d) Salt bridge connects the electrolytes of two half-cells

107. In which of the following cells £ =E° . °
(a) Cu (s)|Cu®* (0.01M)[|Ag* (0.1M)| Ag(s)
(b) Pt(H,)[pH = 1/|Zn**(0.01M)| Zn (s)

(¢) Pt(H,)|pH=1||Zn** (1M)|Zn (s)

(d) Pt(H,)[H" = 0.01M| [Zn** (0.01 M)| Zn (s)
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(c) iron plating on zinc sheet

108. Given, E;

and £,
i Zn?t /Zn=-0.76V

E E
i2*/Ni=025 V> “Cu® /Cu=034V T Ag*/Ag=0.80V

Which of the following reactions under standard
condition will not take place in the specified
direction?

(a) Niz*(uq )+ Cu (s) — Ni(s)+ Cu3+(aq)

(b) Cu(s)+2Ag" (ag) —> Cu®*(aq)+2Ag(s)

(¢) Cu(s)+2H (aq) — Cu2+(aq)+ H,(g)

(d) Zn(s)+2H" (aq) —> Zn** (aq)+3H,(g)

109. Select the correct statements.

(a) 1F is the charge carried by one mole of electrons

(b) If same quantity of electricity is passed through
the solutions of 0.1 M AgNO; and 0.1 M CuSOy,,
same weight of silver and copper will be
deposited

(c) Units of electrochemical equivalent are grams per
coulomb.

(d) Passage of IF of electricity producers one gram
equivalent of the substance at the electrode

E°,, =-044V
Fe®" /Fe
and EH'/OI/HZO =123V
Calculate the E_,; of the corrosion.
(a -0.79V
(b) -1.67V
(c) 1.67V
(d) +0.79V
104. Galvanisation is
(a) zinc plating on aluminium sheet
(b) zinc plating on iron sheet
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110. The correct statements among the following is

(a) charge required for the oxidation or reduction of a
substance depends upon the stoichiometry of the
electrode reaction

(b) 2 moles of electrons are required for the reduction of
Imole of calcium ion

(c) 50,000 A current is equal to 0.518 F per second
(d) Charge required for reducing 1 mole of MnO into
Mn** is 4.28x 10° C

111. When very dilute solution of sodium hydroxide is

electrolysed using platinum electrodes, then
(a) hydrogen is evolved at cathode

(b) hydrogen is evolved at anode

(c) sodium is obtained at cathode

(d) oxygen is produced at anode

112. Fuel cell involve following reactions

(@) O,(g)+2H,0(/)+4e~ — 40H (aq ) (at cathode)
(b) O,(g)+2H,0(/)+4e~ — 40H (aq)(at anode)

(c) 2H,(g)+40H (ag) —> 4H,0(/)+4¢™ (at anode) -
(d (

) 2H,(g)+40H (ag) — 4H,0(/)+4e" (at cathode}j ~

113. The reactions involved during rusting of iron are

(a) Fe(s)— Fe:’((1q)+ 2¢~ (at anode) 1

(b) O,(g)+ 4H" (aq)+4e — 2H,0(/) (at cathode) ‘/\;Aj
1

(c) 4Fe’™* (aq)+0,(g)+4H,0(/)—> 2Fe,05(s)+8H" _

N

114. Select the incorrect statements.
(a) Zn-Cu cell is called Daniell cell
(b) Rustin Fe,0;

(c) Saline water slow down rusting

(d) Pure metals undergo corrosion faster than impure
metal

II. Statement Based Questions

115. What happens when opposing voltage applied to the
Galvanic cell reaches 1.1 V?
I. Reactions stop together.
[I. No current flows through the cell.
[II. Rate ofreaction increases.

Which of the above statements is/are incorrect?
(a) ITand II
(b) OnlyI
(c) Only III
(d) OnlyII

116. I. Metallicelectrodes are dipped into electrolyte.

[I. Half-cells are connected by metallic wire through
voltmeter and switch.
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III. There is no need of salt bridge if the electrodes
are dip in the same electrolyte.
A

P

Current

Copper

)
Salt bridge

[

1§

Solution containing
salt of zinc

-

Solution containing
salt of copper

Which of the following statements is/are true for the
above diagram? Choose the correct option.

(a) Iand II

(b) II and IIT

(c) Mand I

(d) I, ITand III

117. 1. The potential of individual half-cell can be measured.
[I. Difference between the potentials of two half-cells can
only be measured.
I11. Pt (s)|H,(g)|H" (aq) half-cellis called standard
hydrogen electrode.

Select the correct statement(s) and choose the
appropriate option.
(a) Tand II
(c) Il and I

(b) II and III
(d) I, ITand III

118. Consider the following statements.
[. Lower the value of £°, more will be the reducing power.

[I. If E° = —ve, hydrogen gas is more stable than the reduced
form of the species.

[II. Lithium has the lowest electrode potential.
[V. Lithiumion is the weakest oxidising agent.
The correct statements are

(a) I and III

(b) I, II and III

(c) II, IIT and IV

(d) L IL IIT and IV

119. Electrochemical cells are used
I. indetermining pH of solutions.
[I. in potentiometric titrations.
[I1. to predict solubility product.
IV. to calculate equilibrium constant.
The correct option is
(a) I, IT and III
(c) Only IV

(b) I and IV
(d) L, I1, IIT and IV
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120. Consider the following statements about the
application of electrochemical series.

[. Comparison of relative oxidising and reducing powers
of substances.

[I. Prediction of evolution of hydrogen during reaction of
ametal with acid.
[II. Prediction of spontaneity of a redox reaction.
[V. Calculation of amount of metal deposited at cathode.

The true statement(s) is/are
(a) I and IT only (b) I, I and III
(c) IV only (d) I1, II and TV

121. Some organic substances are conducting polymers.
The true statement(s) regarding them is/are
I. These being lighter are used to make light weight

batteries.
[I. Being flexible these are used to make electronic devices
like transistors
(a) Only I (b) Only II
(c) Both I and II (d) Neither I nor II
122, 1.O=1t

[I. Charge required for oxidation or reduction depends of
the stoichiometry of electrode reaction.

I1I. Chargeon 1 electron=1.6021x 107" C

[V. Charge on 1 moleofelectron= 1.6021 x idel @
V. Unitof current is Coulomb (C)

VI. 1F=96500C mol

Which of the following statements are incorrect?
(a) Tand II

(b) II and III
(¢) IVand V
(d) VIandI

123. Consider the following statements.
[. Indry cell, amoist paste of NH, Cland ZnCl,, is present
in between the electrodes.
[I. Ammonia gas is produced in Leclanche cell.
[I1. A partof KOH and ZnO is used as electrolyte in
mercury cell.
True statements are
(a) Iand II
(c) IT and III

(b) I'and III
(d) I, II and I1I

124. I.Rusting ofironis anexample of corrosion but
turnishing of sodium metal is not.
[I. Covering of bis-phenol protect iron from rusting.

[II. Snand Znare used to protect iron from rusting.
True statements are
(a)Iand II

(c) IT'and 111

(b) I and III
(d) I, IT and III
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ITI. Assertion-Reason Type Questions

® Directions (Q.Nos. 125-143) In the following
questions a statement of Assertion (A) followed by a
statement of Reason (R) is given. Choose the correct
answer out of the following choices.

(a) Assertion and Reason both are correct and Reason is
the correct explanation of Assertion.

(b) Assertion and Reason both are correct but Reason is
not the correct explanation of Assertion.
(c) Assertion is correct but Reason is incorrect.
(d) Assertion is incorrect but Reason is correct.
125. Assertion (A) The electrode may be negatively

charged or positively charged, with respect to
solution.

Reason (R) Metal atom of electrode has tendency to
go into solution as ion and leave behind the electron
at the electrode.

126. Assertion (A) Platinum and gold are used as inert
electrodes.

Reason (R) Ptand Au do not participate in the
reaction and provide the surface for oxidation or
reduction.

127. Assertion (A) Copper sulphate solution is stored in
zinc pot.
Reason (R) Zinc is more reactive than

copper so it displaces copper from copper sulphate
solution.

128. Assertion (A) Electrical conductance through metals
is called electronic conductance.
Reason (R) This is due to movement of electrons.

129. Assertion (A) Conductivity always increases with
decrease in concentration for strong and weak
electrolytes.
Reason (R) Number of ions per unit volume
decreases on dilution.

130. Assertion (A) Conductivity of pure water is
35% 107 Sm™",
Reason (R) High amounts of hydrogen and hydroxyl
ions are present in water.

131. Assertion (A) Conductivity of electrolytes decreases
when dissolved in water.
Reason (R) They furnish their own ions.

132. Assertion (A) Anhyd. HCI is bad conductor of
electricity, while ag. HCl is good conductor.
Reason (R) Aqueous HCI is not fully ionised but
anhyd. HCl is ionised to produce H" and CI”.
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133. Assertion (A) DC can not be used during
measurement of resistance of an ionic solution.

Reason (R) DC changes the composition of solution
and solution cannot be connected to the bridge like
metallic wire.

134. Assertion (A) Pure water conduct electricity.

Reason (R) It is unionised.

135. Assertion (A) Impure copper is converted into pure
copper by electrolysis.

Reason (R) Copper is dissolved at cathode and
deposited at anode.

136. Assertion (A) Solid NaCl does not conduct

electricity.
Reason (R) Solid NaCl has no free ions.

137. Assertion (A) Electrolysis of NaCl solution gives
chlorine at anode instead of O,.

Reason (R) Formation of oxygen at anode requires
overvoltage.

Assertion (A) A solution of Ni(NO; ), is electrolysed
between platinum electrodes using current of 5 A for
20 minute. The weight of Ni deposited is 1.825 g.

138.

Reason (R) The mass of substance deposited dunng
the electrolysis of an electrolyte is inversely N
proportional to the quantity of electricity passed
through the electrolyte.

Assertion (A) Mercury cells give a constant voltage 1
throughout its life.

139.

Reason (R) Electrolyte KOH is not involved in the
reaction.

140. Assertion (A) H,- O, fuel cell is not used over the

ordinary cell.
Reason (R) They do not cause any pollution and its
efficiency is 60-70%.

141. Assertion (A) Thermal plants produce electricity

more efficiently than Galvanic cells.

Reason (R) In thermal plants, chemical energy is
used for converting water into high pressure
steam and used to run a turbine to produce
electricity.

142. Assertion (A) Magnesium blocks are fixed to the

bottom of ship.
Reason (R) Magnesium acts as sacrificial electrode.

143. Assertion (A) Stainless steel undergoes rusting.

Reason (R) Chromium forms an oxide layer over the
stainless steel.

www.aepstudycircle.com

IV. Matching Type Questions
144,

145.

146. M

147.
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Match the following Column I with units given in
Column II and choose the correct option from the
codes given below.

Column I Column I1
A. Resistivity l. ohm™
B. Conductance 2. ohmm

(9%}

C. Conductivity
Codes

Scm™ r

A B C A B
@2 3 1 b1 2
©2 1 3 @1r 3
Match the following Column I (expressions) with
Column IT and choose the correct option from the
codes given below.

Column I Column II
Match the following Column I with type of

A. pl/A 1. Conductivity
B. 1/R 2. Conductance
C. RA/l 3. Resistance
D. 1/p 4. Resistivity
Codes
A
(a) 3

(b) 3
(c) 4
(d) 4

D
1
1
2

— W A
w— AN A

2

electrolyte in Column II and choose the correct option
from the codes given below.

Column I Column II
NaCl l.
CaCl, D

C. MgSO, 3.

2-1 electrolyte
2-2 electrolyte

1-1 electrolyte

Codes

A B
(a) 1 3
(c)3 1
Match Column I with Column II related to the ﬁgure

given below and then select the appropriate option
from the codes given below.

SO T S B
—_
=r
~
(98}
o
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Column I
Figure represents
0,(g) + 4H' (aq) + 4 —>

2H,0(/)

Fe(s) — Fe** (ag) + 2¢

Column II
1. Reduction

2. Corrosion of
iron of
atmosphere

3. Oxidation

2Fe™* (ag) + 2H,0(/) + %o: — Fe,0, + 4H' (aq)

NN W — g

C
3
1
1
3

'—-bJI\)I\)D

V. Matrix Matching Type Questions

148. Match the following columns.

Column I

A 70 £ Gut —— Cut Zn** p

B. Mg

+ Cu”™— Cu+ Mg™ q

C. 2Ag"+Cu—> Cu’* +2Ag .

D. Hy+ Cu*— H +Cu s
Codes
A B C D
(a)p.qr p.q.r r p.rI,S
(b)p,q.r r q p
©pq rq q p.r
(d) rq P9 Pp.g.S pr

149. Match the following columns.

Column I1I
Cathode half reaction is
Cu”+2e — Cu ¥
Electrons flows from meta}
to Cu side.

E

<
anode cathode

Hydrogen electrode is used

Column I Column I1
A. Fe' andI” p. Ey =+ve
B. Fe* and Br- q AG°=+ve
(" Zn zmd H' I. Eccll = _E;Iccm\dc
D. Brand Fe** s. AG°=-ve
[Gi\'en. E F Dol 077. E[] } = +054
kL —1,/17
E =109 B oy = —(0.76]
%2 Bry / Br Zn
Codes
A B C D
@ p q p q.r
(b) p,s q p,r,s  p.s
(c) pr p.s p,r  p.L.S
(d) q IS p,s  p.q.r
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150. Match the salts given in Column I with their use
given in Column II.

Column I Column II
A. Hg,(Cl, p. Salt bridge
B. Agar-Agar q. Calomel electrode
C. 0.INKCI r. Icecream
D. Quinhydron s. Redox electrode
Codes
A B G D
@ p ps qr gs
b q pr p s
() g ps pr gqs
(dgr gqs s pgs

151. Match the physical quantities given in Column I with

their units given in Column II
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Column I Column II
A. Resistance p. Q
B. Resistivity q voly/A™
C. Conductivity r. Qm
D. Specific conductance  s. Q7'm!
Codes
A B 8: D
(a) r,s q q S
(®)pgr ps pr s
(¢) pq r S S
(dr q rp r,s
152. Match the following columns.
Column I Column II
(Substance) (Product after electrolysis)
A. Aqueous solution of AgNO;  p. Oxygen is produced at
using Ag electrodes anode
B. Aqueous solution of AgNO;  q. Hydrogen is produced
using Pt electrodes at cathode
C. Dilute solution of H,SO, r. Silver is deposited at
using Pt electrodes cathode
D. Aqueous solution of CuCl, s.  Neither O, nor H, is
using Pt electrodes produced
Codes
A B C D
(a) r,q p.q q.s p.s
(b)rg pgs qs qrs
() p q r S
(d) r.s r,p p.q s
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VI. Passage Based Questions

' Directions (Q. Nos. 153-155) Answer the following
questions on the basis of the diagram given below.
Ega>1:1
1l

L wwwwir—
—%

il |
©

Cathode Anode
+ve —-ve
Zn __| Cu

153. Directions of current is from
(a) CutoZn (b) Znto Cu
(c) salt bridge (d) no current will flow

154. Flow of electron is from
(a) CutoZn

(c) salt bridge

(b) Znto Cu
(d) no current will flow

155. Find out the correct statement.

(a) Zn dissolves at anode and copper deposits at cathode

(
(¢) Zn deposits at cathode and copper dissolves at anode -
(d

)
)

1 Directions (Q. Nos. 156-159) Read the following ‘*

b) Zn dissolves at cathode and copper deposits at anode ¢

Zn deposits at anode and copper dissolves at cathode '—

paragraph and answer the following questions given

below.
The reaction which occur in the Galvanic cell is
MnO; + 8H* +5Fe?* —— Mn? +5Fe®* + 4H,0
E°(MnO,, Mn** ,H" | Pt) = 1.51 V and
E°(Fe**,Fe® | Pt)=0.77V
156. Calculate the standard emf of cell.
(a) 0.74V (b) —0.74V
(c) 2.28 (d) —2.28

15%. How would the emf of the cell be increased above the

standard emf?
(a) By decreasing pH (b) By increasing [Fe’*]

(c) By decreasing [MnO, | (d) By increasing [Mn~"]

158. If[H,0" ] = 2.0 M, [Fe>* ] = 2.0 M, [Fe>* ]= 0.5 M,
[Mn?*]= 0.5 M, [MnO; ] = 1.0 M. Calculate the emf
of the cell.
(a) —0.747V

(c) —0.733V

(b) +0.747 V
(d) +0.736 V

159. The other concentrations are kept at unity except

reducing [Mn*"] to 0.50 M, the emf of the cell is
increased by
(a) 0.012V
(c) 0.059V

(b) 3.55x 10° V
(d) 0.018V
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® Directions (Q. Nos. 160-161) Read the following
paragraph and answer the following questions given
below.

Resistance of a conductivity cell filled with 2 mol L™
KCl solution is 100 Q. The resistance of the same cell
when filled with 0.2 mol L™ KCl solution is 520 Q.
The conductivity of 1 mol L' KCI solution is 1.29 S/m.

160. Calculate the conductivity of 0.2 mol L ™' KClI

solution.
(a) 0.248 Scm™! (b) 0248 Sm™"
(c) 248 Scm™ (d) 248 Sm™
161. Calculate the molar conductivity of 0.2 mol L ™' KClI
solution.

() 124 x 10 Sm* mol™ (b) 124 x 10 S m* mol ™’
() 124x 107* S m* mol™" (d) 124 x 107 S m* mol™

® Directions (Q. Nos. 162-164) Read the following
paragraph and answer the following questions given
below.

In a fuel cell H, and O, react to produce electricity. In
the process H, gas is oxidised at anode and oxygen is
reduced at cathode. 67.2 L of H, at STP react in

15 min. Entire current is used for electro deposition of
Cu from Cu®".

162. Find out the average current produced.

(a) 640.33 (b) 642.33

(c) 643.33 (d) None of these
163. How many grams of Cu is deposited?

(a) 170 (b) 180

(c) 190 (d) 200

164. How many equivalents of H, is oxidised?
(a) 2 (b) 3 () 5 (d) 6

® Directions (Q. Nos. 165-167) Read the following
paragraph and answer the following questions given
below.

A 4.0 M aqueous solution of NaCl is prepared and
500 mL of this solution is electrolysed. This leads to
evolution of chlorine gas at one of the electrodes.

165. The total charge required for the complete electrolysis
will be
(a) 96500 C
(c) 48250 C

(b) 24125C
(d) 193000 C

166. Find out the maximum weight of amalgam formed
from the solution [if cathode is Hg].
(a) 200 (b) 400 (c) 225

167. Calculate the number of moles of chlorine gas
evolved during the electrolysis.
(a) 0.5 (b) 1.0 (c) 2.0

(d) 446

(d) 3.0
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Directions (Q. Nos. 168-171) Read the following
paragraph and answer the following questions given
below.

NaCl aqueous solution on electrolysis gives
H,(g), Cl,(g) and NaOH.

2C1 (aq) + 2H,0 —— 20H (aq) + Hy(g) + Cl,(g)

In 20 L of NaCl solution (20% by weight), current of
25. A with 62% of current efficiency is passed.

168. Which of the following reaction will occur at anode?
(a) 2CI” > Cl+2  (b)2H,0+2¢" — H,+20H
(c) Both (a) and (b) (d) None of these

169. Which of the following reaction will occur at
cathode?
(@) 2CI" — Cl, + 2¢”
(b) 2H,0+ 2¢- —— H, +20H
(c) Both (a) and (b)
(d) None of the above

170. How long will it take to produce 1 kg of CI,?

(a) 48.72 hr

(c) 48.72 s (d) 48.72 min

171. What is the amount of electricity required
(experimentally) in terms of Faraday?
(a) 28.17F (b) 2.817F
(c) 45.44 F

Directions (Q. 172-176) From the following ﬁgure’ -

answer the following questions given below.

Anode
—’—N/ Aricde
w cap
Gasket  Separator  Cathode  Cell can

172. Name the cell given in the figure.
(a) Dry cell (b) Mercury cell

(c) Leclanche cell (d) All of the above

173. What is anode and cathode used in the above cell?

Anode Cathode
(a) Zn(Hg) HgO
(b) Zn HgO
(c) Zn HgO and carbon

(d) Zn(Hg) amalgam HgO and carbon

www.aepstudycircle.com

(b) 4.872 hr 4

(d) 4544 F .
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174. What is cathodic reaction occurring in the above cell?
(a) Zn(Hg)+ 20H™ —— ZnO(s)+ H,0+ 2¢~
(b) HgO+ H,0+ 2¢~ —> Hg(/)+ 20H
(¢) Zn+20H —> ZnO(s)+ H,0+ 2¢”
(d) Zn(Hg) + HgO(s) —— ZnO(s)+ Hg(/)
175. Cell potential of the above cell is
(@ 135V (b) 1.96V (c) 1.5V

176. What is the reducing agent in the cell?

(d) 123V B
(a) Zinc (b) Mercury oxide
(c) Carbon (d) KOH
® Directions (Q. Nos. 177-179) Answer the following
questions from the figure.
—— Cathode
Anod =
¥ |
<L 5 I
1}
177. Name the figure given above.
(a) Mercury battery
(b) Lead storage battery
(c) Nickel-cadmium battery

(d) Dry battery
178. What is I, II and electrolyte used in the above
figure?
I 11 Electrolyte
(a) Spongy lead PbO,
(b) Spongy lead PbO,
(c) PbO,
(d) PbO,

50% H,S0O, solution
38% H,SO, solution
50% H,S0, solution
38% H,S0, solution

Spongy lead
Spongy lead

179. Which of the following statements is/are true for the
above figure?
(a) Cathode reaction
Pb(s)+ SO (ag) — PbSO,(s)+ 2¢
(b) Anode reaction
PbO,(s)+ SO; (aq) + 4H' (aq) + 2¢” —
PbSO,(s)+ 2H,0(/)
(c) On charging the battery PbSO, give Pb at anode and
PbO,. at cathode.
(d) All of the above
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NCERT & NCERT Exemplar Questions

NCERT 186. Using the data given below find out the strongest
180. An electrochemical cell can behave like an reducmg agent. ‘
electrolytic cell when ......... . E’cro¥ et =133V, E’alyc- =1.36V
@ Een =0 (b) Eceyy > Eeyy (€) Eeyt > Eceyy (d) Egeyp = Ey E*Mnoz/mn?t =1.51V; E’ce** e =—0.74V

() Pt (s) | H, (g, 1 bar)] H' (ag, | M)HCuZ’L(aq,l M)‘ Cu (a) CI” (b) Mn**
. " (c) MnO; (d) Ccr'*t
(d) Pt (s) | H, (g,0.1bar) ‘H (uq,().lM)HCu" (aq,lM)‘ Cu

188. Using the data given in Q.186 find out in which option
182. The difference between the electrode potentials of the order of reducing power is correct?
two electrodes when no current is drawn through the
cell is called......... : C

(a) cell potential (b) cell emf

(2) Cr** <CI" <Mn** <Cr
, (b)Mn*" <CI” <Cr’* <Cr
. (c) Cr** <CI” <Cr,03” <MnQ;

(c) potential difference (d) cell voltage X
(dMn*" <Cr** <CI” <Cr

183. Which of the following statements is not correct

about an inert electrode in a cell? ) 189. Use the data given in Q. 191 and find out the most
(a) It does not participate in the cell reaction = stable ion in its reduced form.
(b) It provides surface either for oxidation or for I(.dll(,tlon‘,}li (a) CI” (b) crit
reaction
(c) It provides surface for conduction of electrons P () Cr (d) Mn**
(d) It provides surface for redox reaction ~190. Use the data of Q. 186 and find out the most stable
184. Electrode potential for Mg electrode varies according — oxidised species.

to the e uation a) Cr3* = 2- 94
! _0.059 1 (a) Cr (b)MnO;  (¢)Cr,05”  (d)Mn*

Mg 2/Mg E Mg 9 log Mg ].Thc 191. The cell constant of a conductivity cell .........

2+ ]is (a) changes with change of electrolyte

E

graph of £, vs log [Mg
Mg “" /Mg b) changes with change of concentration of electrolyte

(
o o (c) changes with temperature of electrolyte
(@) (b) < (d) remains constant for a cell
ur iy

log[Mg?*]- log[Mg?*]- NCERT Exemplar

'_ 192. Which of the following statements about solution of
© - @ \ electrolytes is not correct?
i (a) Conductivity of solution depends upon size of ions
(b) Conductivity depends upon viscosity of solution

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

log[Mg?®*]— log[Mg®*]—

185. Which of the following statement is correct?
(a) E, and A,G of cell reaction both are extensive
properties 193. A° thlu()m is equal to ......... :
(b) E, and A,G of cell reaction both are intensive
properties

(d) Conductivity of solution increases with temperature

% ‘
a) A m (NH 4OH) + Am(NII,‘(I - Am(ll('])

(a
(c) E.y is an intensive property while A,G of cell reaction (b) /\m e A, NeoH) — A mvact)
is an extensive propert :

’ . p i . oy : (c) A m (.\'ll4(']j + Am (NaCl ) Am(N;l()H)
(d) E.. is an extensive property while A, G of cell reaction (

o ‘
L : d 0 + Am Nacp — A <
1S an intensive property ) A (NaoH) m (NaCl) m (NH 4CI)

181. Which cell will measure standard electrode potential (a) CI” (b) Cr
of copper electrode? (c) Cr*? (d) Mn?*
a) Pt (s) | H, (g, 0.1 bar)|H* (aq., *(ag,
(@) Pt(s) | H, (g, 0 b“)’H lag IM)HCU (aq IM)’CU 187. Use the data given in Q. 186 and find out which of
(b) Pt (s)| H, (g, 1 bar)’ H" (ag, M)ch2+(aq' 2 M)’ Cu the following is the strongest oxndlsmg agent?
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194. In the electrolysis of aqueous sodium chloride
solution which of the half-cell reaction will occur at
anode?

(a) Na*(ag)+e —> Na (s); E.

cell =

- 271V

(b) 2H,0 (/) —> O,(g)+4H (aq)+4e ;E - 123V

cell

=0.00V

cell —

(c)H (ag)+e —>2H7(g) E

() CI" (ag) —> —i Cl, (@) + € ; Epy =136V
195. The quantity of charge required to obtain one mole of
aluminium from Al,O; is
@1F
(b)6 F
(c)3F
(d)2F

196. While charging the lead storage battery.
(a) PbSO, anode is reduced to Pb

(b
(c
(

197. For the given cell, Mg | Mgz' HCu:' | Cu :
(a) Mg is cathode pi
(b) Cu is cathode ‘/
(c) The cell reaction is Mg+ 7 Mg:+ +Cu \f

(d) Cu is the oxidising agent

198. The posmvc value of the standard electrode potcntlaP
of Cu?"/ Cu indicates that )
(a) this redox couple is a stronger reducing agent than the
H" / H, couple
(b) this redox couple is a stronger oxidising agent than
H" / H, couple
(c) Cu can displace H, from acid
(d) Cu cannot displace H, from acid

199. £, for some half-cell reactions are given below.

(1) H'((l(/)+t’7—)—‘l)H (g) E3 =000V
(i) 2H,0(/) — O,(g)+4H" (ag)+4e ; E3y =123V
(iii) 2503~ (ag) —> S,08 (aq) +2¢™;  ES, = 1.96V

On the basis of these mark the correct answer.

(a) In dilute sulphuric acid solution, hydrogen will be
reduced at cathode

(b) In concentrated sulphuric acid solution, water will be
oxidised at anode

(c) In dilute sulphuric acid solution, water will be oxidised
at anode

(d) In dilute sulphuric acid solution, SOi_ ion will be
oxidised to tetrathionate ion at anode

www.aepstudycircle.com

PbSO, cathode is reduced to Pb O

)
) PbSO, cathode is oxidised to Pb m
d) PbSO, anode is oxidised to PbO, -

. ELECTROCHEMISTRY
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200. £, =11V for Daniell cell. Which of the following
expressions are correct description of state of
equilibrium in this cell?

@ 1.1= K¢ (b) 2. 303RT

logKe = 1.1

(c)log K- =

d)logK, =1.1
0.059 (d) log K¢

201. Conductivity x, is equal to......... :

11 G
. b
(a)RA ()7

©AL (d) —

202. Conductivity of an electrolytic solution depends on
(a) nature of electrolyte

(b) concentration of electrolyte
(c) power of AC source

(d) distance between the electrodes

203. Molar conductivity of ionic solution depends on ......

(a) temperature

(b) distance between electrodes

(c) concentration of electrolytes in solution
(d) surface area of electrodes

204. What will happen during the electrolysis of
aqueous solution of CuSO, by using platinum
electrodes?

(a) Copper will deposit at cathode
(b) Copper will deposit at anode

(c) Oxygen will be released at anode
(d) Copper will dissolve at anode

205. What will happen during the electrolysis of aqueous
solution of CuSO, in the presence of copper
electrodes?

(a) Copper will deposit at cathode
(b) Copper will dissolve at anode
(c) Oxygen will be released at anode
(d) Copper will deposit at anode

# Directions (Q.Nos. 206-215) In the following
questions a statement of Assertion (A) followed by a
statement of reason (R) is given. Choose the correct
answer out of the following choices.
(a) Both Assertion and Reason are correct and the Reason
is the correct explanation of Assertion.

(b) Both Assertion and Reason are correct and Reason is
not the correct explanation of Assertion.

(c) Assertion is correct but the Reason is incorrect.
(d) Both Assertion and Reason are incorrect.
(e) Assertion is incorrect but Reason is correct.

206. Assertion (A) E
the cell to function.
Reason (R) £

should have a positive value for

cell

<

cathode anode
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207. Assertion (A) Mercury cell does not give steady . ? 113 g 7D ,]7_5 Z g
tential. a
e . . . (b) 3 1 7 S 4 2 6
Reason (R) In the cell reaction, ions are not involved © 3 | 5 7 4 6 2
in solution. @1 3 5 7 4 2 6
208. Assertion (A) Current stops flowing when £ =0. 217. Match the terms given in Column I with the items

Reason (R) Equilibrium of the cell reaction is attained. given in Column II.

(
)
209. Assertion (A) Cu is less reactive than hydrogen. Column I Column II =
Reason (R) E B is negative. A. A, 1. Intensive property
. . — ; B. g° 2. Depends on number of ions/volume
210. Assertion (A) £ Aot /A, IDICTEASES with increase in cell

g /Ag

7 = G x 3.  Extensive property
concentration of Ag™ ions.

=

ol Increases with dilution

D. AG

Reason (R) EA,+ ” has a positive value.

o

A B
211. Assertion (A) Copper sulphate can be stored in zinc @l A
4
|
1

vessel. (b 1
Reason (R) Zinc is less reactive than copper. (c) 4

N W WA
W WY

212. Assertion (A) Conductivity of all electrolytes k (d) 4
decreases on dilution. ~ 218. Match the terms given in Column I with the units

Reason (R) On dilution number of ions per unit given in Column II.
volume decreases.

Column I Column II

213. Assertion (A) A , for weak electrolytes shows a shatrpr A A . Sem™
& m X L

B. E

increase, when the electrolytic solution is diluted.

cell

Reason (R) For weak electrolytes degree of
dissociation increases with dilution of solution. , C x

o
75]
o

Bu
g

214. Assertion (A) For measuring resistance of an ionic | D. G 4 Vv
solution, an AC source is used.
Reason (R) Concentration of ionic solution will
change if DC source is used.

w s

215. Assertion (A) Electrolysis of NaCl solution gives
chlorine at anode instead of O,. d

— — g

C
1
2
2
1

W

2

Reason (R) Formation of oxygen at anode requires 219. Match the items of Column T and Column 11.

over voltage.

216. Match the items of Column I and Column II on the Column I Column II

basis of data given below.
EOFm"F‘ =2 87V, EO[i*sn =-35V,

o B. Anm 2. A, /A

E e p =LAV ED o =109V ‘

A x 1. SEXH

o

~
K
e

A=

Column I Column II
K,
Li
Ag™*
Br~
Au
IEi
-

Metal is the strongest reducing agent. G
Metal ion which is the weakest oxidising agent. R
Non-metal which is the best oxidising agent.

3 A
Unreactive metal.
d) 3

Anion that can be oxidised by Au*

(

(b) 4
(c)3
(d) 4

Anion which is the weakest reducing agent.

Q@ mo 0w >
N v R~

Metal ion which is an oxidising agent.

WA WA
— N = AN
D= = g
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220. Match the items of Column I and Column II.

Column I Column II
A. Lead storage battery 1. Maximum efficiency
B. Mercury cell 2. Prevented by galvanisation
C. Fuelcell 3. Gives steady potential
D. Rusting 4. Pbis anode, PbO, is cathode
A B © D A B ® D
(a) 3 - 1 2 (b) 4 3 2 1
(c) 3 - 2 1 (d) 4 3 1 2

221. Match the items of Column I and Column II.
Column I Column 11

Leclanche cell 1. Cell reaction, 2H, +0, — 2H,0
Ni-Cd cell 2. Does not involve any ion in solution and
is used in hearing aids.
C. Fuel cell 3. Rechargeable

e . - 2 L
D. Mercury cell 4. Reaction at anode, Zn —> Zn*" +2¢

5. Converts energy of combustion into
electrical energy

A B & D
(a) 4 3 5 2
(b) 1 4 3 2
(c)3 4 S 1
(d) 4 3 5 1

222. Two Faraday of electricity is passed through a
solution of CuSO,. The mass of copper deposited at
the cathode is (atomic mass of Cu =63.5 u)
(a)0g (b)63.5¢g ©)2¢g (d)127 g

223. The equivalent conductance of NaCl at concentration

C and at infinite dilution are A and A, respectively.

The correct relationship between A~ and A, is given
as (where, the constant B is positive)
@Ac=A.+(B)C (b)Ac =A.—(B)C
©Ae =A.—(BWC @A =A.+(BWC

www.aepstudycircle.com

224. Given below are the half-cell reactions,

225. Given, ECr3+ s =0.74 V; EMno;/an* =1.91'V;
ECQO%_/Cr3+ =133VE_ - =136V;
Based on the data given above strongest oxidising
agent will be
(a) Cl (b) Cr**

‘ ELECTROCHEMISTRY
ELECTrQCmiSTry

Mn?®" +2¢”—— Mn; E°=—1.18¢eV

2(Mn*" +e"—— Mn?*); E°=+1 .51eV
The E° for 3 Mn**—— Mn + 2Mn** will be
(a) —2.69V, the reaction will not occur

(b) —2.69 V, the reaction will occur

(c) —0.33 V, the reaction will not occur
(d) —0.33 V, the reaction will occur

(c) Mn** (d) MnO;

226. The electrochemical cell shown below is a

concentration cell.

M/M** (saturated solution of a sparingly soluble salt,
MX,)|| M** (0.00001 mol dm™ / M).

The emf of the cell depends on the difference in
concentration of M ** ions at the two electrodes. The
emf of the cell at 298 is 0.059 V.

The value of AG (kJ mol ") for the given cell is (take
IF =96500C mol )

(a) =5.7 (b) 5.7

(c)11.4 (d)-11.4

227. The standard reduction potential for

Zn** /Zn,Ni** /Niand Fe** /Fe are —0.76,~0.23
and —0.44 V respectively. The reaction

X +Y % — X ** 4+ Y will be spontaneous if

(a) X =Ni,Y'=Fe
(c) X = Fe,Y =%

(b) X =Ni,Y = Zn
(d) X =ZnY = Ni
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16.
31.
46.
61.
76.
1.
106.
121.
136.
151.
166.
181.
196.
211.

10.

. (d) Galvanic cells are also known as voltaic cells,

. (@) When E,

. (a)

. ELECTROCHEMISTRY
ELECT(OCmiSTry

Answers
(c) 2/(d)| “3@) ]| 4. (b) 5/ (@ | 6/.()| 7 @] 8 () 9. (c) | 10, (c) | 11.[(d)| 12| (c) | 13./(b)| 14. (d)| 15.] (d)
(@ 17.(d) 18.(c)| 19. (c) | 20. (c) 21. (c) | 22. (b) | 23. (d) | 24. (b) | 25. (b) | 26. (b)| 27. (c) 28.(b) 29. (a) 30. (d)
(c) 32.(b) 33.() 34, (c)| 35 (c) 36. (d)| 37. (c) | 38. (d) @ 39. (a) 40. (b) 41.(c) 42.(b) 43.(c) 44.(d) 45. (a)
(b) 47.(c) 48.(d) 49. (d) | 50. (d)  51. (b) 52, (d) 83. (b) | 54. (b) 55. (a) | 56.(b)| 57. (c) 58.(b) 59.(d) 60. (b)
(@ 62 (@) 63.(b) 64. (@ | 65 (b) 66. (d)| 67. (b) 68. (c) | 69. (d) 70, (b)  74.(b) 72.(d) 73.(d) 74.(c) 75 (d)
(c) 77.(d) 78.(c) 79. (b) | 80. (c) 81. (c)| 82| (b) 83. (c) A 84 (c) 85 (d) 86.(b) 87.(c) 88.(a) 89. (b) 90. (b)
(d) 92 (@) 93.(c) 94. (b) 95 (@) | 96. (c) | 97. (d) 98. (b) 99. (a) 100. (d) 101. (d) 102. (d) 103. (c) 104. (b) 105. (abc)
(abd) 107. (ab) 108. (ab) 109. (acd) 110. (abc) 111. (ad) 112. (ac) 113. (abcd) 114. (bcd) 115. (c) 116. (d) 117. (b) 118. (d) 119. (d) 120. (b)
(c) 122. (c) 123. (d) 124. (c) 125. (b) 126. (a) 127. (d) 128. (a) | 129. (d) 130. (c) |131. (d) 132. (c) 133. (a) 134. (d) 135. (c)
(@ 137. (a) 138. (c) 139. (c) 140. (d) 141. (d) 142. (a) 143. (d) 144. (c) 145. (b) 146. (c) 147. (a) 148. (a) 149. (b) 150. (b)
(c) 152. (d) 153. (d) 154. (a) 155. (c) 156. (a) 157. (a) 158. (d) | 159. (b) |160. (b) |161. (d) 162. (c) 163. (c) 164. (d) |165. (d)
(d) 167. (b) 168. (a) 169. (b) 170. (a) 171. (c) 172. (b) 173. (d) |174. (b) 175. (a) 176. (a) 177. (b) 178. (b) 179. (c) 180. (c)
(c) 182, (b) 183. (d) 184, (b) 185. (c) 186. (b) 187. (c) 188. (b) ' 189. (d) 190. (a) 191. () 192. (c) 193. (d) 194. () 195. (c)
(@) 197./(bc) 198.(bd) 199. (ac) 200. (bc) 201. (ab) 202 (ab):é03. (ac) ' 204. (ac) 205. (ab) 206. (c) 207. (e) 208. (a) 209. (c) 210. (b)
(d) 212. (@) 213. (a) 214. (a) 215. (a) 216. (b) 217. (d)(218. (d) | 219. (b) '220. (d) 1221. (a) 222. (b) 223. (c) 224. (a) 225. (d)

Hints & EXplanations

. (¢) The reaction carried out electrochemically can be energy

efficient and less polluting, i.e. ecofriendly. All other given
statements are true.

e.g. Daniell
cell. The reaction occuring in this cell is

Zn(s)+ Cu® (ag)—> Zn** (ag)+ Cu(s)

. (b) In a Galvanic cell, electrons flow from negative electrode to

positive electrode. The direction of flow of current is opposite
to that of flow of electron, i.e. from positive electrode to
negative electrode.

=1.1Vin a Daniell cell and chemical reactions
stops and no current flows through the cell.

. (b) When E,, <1.1V

(1) Electrons flow from zinc electrode to copper electrode,
hence, current flows from copper to zinc electrode.
(i1) Zinc dissolves at anode and copper deposites at cathode.

When E,

ot > E generated, the cell behaves like an

electrolytic cell. In this cell a non-spontaneous reaction is
carried out at the expense of electrical energy.

. (¢) In Daniell cell potential is 1.1V. Since £, (0.9) < L1,

so in this case, current flows from copper to zinc electrode.

(¢) The reduction half-reaction and oxidation half-reaction
together form redox couple.
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12.

13.
15.

7.

18.

19.

20.

(¢) In a Galvanic cell, anode is always the site of oxidation (i.e.
its potential is negative with respect to solution) and cathode is
always the site of reduction (i.e. its potential is positive with
respect to solution).

(b) Unit of cell potential is volt.
(d) All the statements are true.
_ AgT/A cu?t/cu
Anode reaction is Cu(s)— Cu B (aq)+ 2e¢ and
cathode reaction is 2Ag" (aq)+ 2¢° —> 2Ag(s).
(c) For the given reaction,
E° =E ,, -E%S
cell Cu“™/Cu In“" |Zn
=034 -(-0.76)=+1.10V

() E o = E(\lz' cd -E cticr

=-040-(-0.74)=+0.34
(c) Reduction hydrogen half-cell is
H"|(zM)|Pt (H,); Pressure, py,
Half-cell reaction is

(d) The cell representation of the given reaction is
Cu(s)|Cu”" (aq)||Ag" (aq)|Ag(s)
o o

“eell

2H" (ag)+ 2 —> H,(g)

Reaction quotient = 0 = py, /[H"* and n =
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21.

22.

24.

25.

217.

28.

29.

30.

31.

= v 0.0591 0.0591
E° o = E° S 0_—1 g0

Pu,  [H'] ©Q Ee
latm 20M  0.25 +ve

latm 1.OM 1.0 0
2atm 1.OM 2.0 —ve
2atm 2.0M 0.50 +ve
E° 4= 0.00 V for standard hydrogen electrode

If 0 > 1,then E° ;= —ve
Thus, correct answer is (c).

(¢) In standard hydrogen electrode, the electrode is dipped in
acidic solution (HCI solution) and pure hydrogen gas is bubbled
through it.

(b) When anode is the hydrogen electrode,
EOH2 =0
E'=ER-E1=ERr-0=E%
(b) E°cenn =E ~(0.76-0)=—-0.76 V

- B T AL .
Zn =Y/ 7Zn Hy/2H —

(o]

Thus, hydrogen ions can only oxidise zinc and get reduced by
them.

(b) In the reaction of Cu with HNO,, it is nitrate ion not the
hydrogen ion, which oxidises Cu.

(c) If standard electrode potential is negative then hydrogen ““
gas is more stable than reduced form of the species.
The standard electrode potential for fluorine is highest
which indicates that fluorine gas (F,) has maximum tendency to
get reduced to fluoride ions (F™) and fluorine gas is the
strongest oxidising agent but fluoride ion is the weakest
reducing agent.
Lithium has lowest electrode potential indicating that Li ion is
weakest oxidising agent while Li metal is the most powerful
reducing agent.

1

electrode potential

(h) Oxidising tendency o<

XA —— No reaction
XB —> A,C
XC — 4
Order of electrode potential is XB < XC < XA.
Order of oxidation of anion B~ >C~ > 4.
(a) More negative the E°, higher is the reducing power. So
Zn(s) is the strongest reducing agent among the given.
(d) Z > X > Y; higher the reduction potential, lesser the
reduction power.
(¢) 2I' —> I, +2e (oxidation)

Br, + 27 — 2Br ™ (reduction)

2I" + Br, — 1, + 2Br ™ (net reaction)

E  =109-0.54=+055V
Positive Ei“ means reaction is feasible.
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32.

33

34

35.

36.

37.

38.

39.
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(b) Electrode potential of an electrode is measured with respect
to standard hydrogen electrode by the expression
Eppre = E;[""/M a f_; - [][J/r[r}]
but concentration of solid M is taken as unity
So, EM”*/MzE;J’”/M_% 1 [Mln+]

ions.

“2FE° =— 1 Fx 015+ (~1F x 0.50)
—2FE° =-015F-0.50F
=—F(0.15+ 0.50)
Bo= —E = (0325 V
2
(d) LCll = cathodc _E:nodc

ions. It increases with increase in the conccntratlon of Cu®*
ions and decrease in the concentration of Zn**

i.e. it does not depend upon the concentration of ions , so
remain the same.

o
anode(RP)

(©) Ecett = Ecathode(Rp) =
=015-(-0.74)=+0.89 V
(d) The half reactions are
[Fe(s) — Fe** (ag) + 2¢ 1% 2
0,(g)+ 4H" + 4¢¢ — 2H,0
2Fe(s) + O,(g) + 4H" — 2Fe* (aq)+ 2H,0(/)
0.059 - (1073 .
4 (]0‘ )* (0. l)

E=167-

(a) Anode is always the site of oxidation and cathode is the site
of reduction, Thus, anode half-cell is

Zn** (ag)+ 26 —> Zn(s); E°=—0.76 V

Cathode half-cell is
Ag,0(s)+ Hy,O(l)+ 2¢ — 2Ag(s)+ 20 H (ag);
=034V

o (o] (o)

E

cell

(¢) In Daniell cell, the clectrode potential for concentration of
Cu*" and Zn*" ions can be written as
For cathode
Cu“'/Cu Cu=Cu 2F [Cu (aq)]
For anode RT
o 2+
Eoyan =Bz ~ R I [Z0 ()]
Eean =Eg 20, = Egyrv)
[Zn™' ]
Fa = Efcll 2F 1 [Cu” ]
(¢) E,y depends on the concentration of both Cu** and Zn2+
= Ecalhode = Eanode
=0.34—(-0.76)
=11V a
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40. (b) For hydrogen electrode, oxidation half-reaction is
H, — 2H" +2¢

(1 atm) (EpRIy
IfpH=10,H" =1x10" =1x107"°
o

From Nernst equation, £ = E°——(Ml M

Pu,
For hydrogen electrode, £°= 0

.059 A ) o
E:—OOj llog (10l ) =_00531x210g(10) 10

=0.0591x10x1ogl0=0.59V

41. (¢) Zn (s) + Cu* (aq) —> Zn}(aq) + Cu (s)

2.303RT #*
0=Eq =Eo - - log [Zn2+]
2F [Cu™ ]
. 2303RT . [Zn*"]
or Ly = 0g o
2F [Cu™]
But at equilibrium
[z0®"] _
[Cu®]
. Vv
tf‘)Cl]:0059 logK(=11V
log K= Y X2 _ 27088
0.059V

Ko =2x10" at 298 K

43. (¢) Right hand cell reaction,
Cu+e —> Cu
Left hand cell reaction,
Ght — ™ e
Cell reactions, 2Cu” —— Cu+ Cu*

Cell potential E., =E° . T
p cell Cu™/Cu Cu“"/Cu

=0.60-041=0.19V
—nFE°=-RT In K,
. nk®
(2303RT/F)  0.059V
K, =10%=276x10°

_BxBIOV_ .

log K

44. (d) A,G° =—nFE°

AG is directly proportional to £ but in equality Faraday
constant must be included.

cell

All other statements are true.

45. (a) The standard free energy (AG°) s related to standard
electrode potential (£°) and equilibrium constant as
AG° =-nFE°
AG°=-RTlog. K,
Thus, if ELy, is — ve, then AG°is + ve, i.e., AG®> (.
Hence, K., would be negative and less than 1, K, <1
46. (b) A,G =—nFE,
n=2,50AG =

and

—2FE

cell

www.aepstudycircle.com
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47. (¢) 4A1Y — 4Al+ 12¢
12¢” + 60" — 30,
or %AP*—%A] +4¢

4¢ +20°— 0y
AG® = -nFE°
AG =+ 960 kJ mol™" =960x1000J mol™ +

n=4F =4 x96500 C [~
960 %1000 =—4 x 96500 x E°
po=- 2000 _ a8y
4 x 96500
Potential difference = 2.5 V
48. (d) Reciprocal or inverse of resistance is called conductance, while
specific conductance or conductivity is the reciprocal of resistivity.

All other statements are true.

51. (b) It remains unchanged because only electron moves but no ion
left its place.

_52. (d) The conductance of electricity by ions present in the solutions
T is called electrolytic or ionic conductance. It depends on the nature
of electrolyte added, size of ions produced and their solvation,

nature of solvent and its viscosity, concentration of electrolyte and

temperature (it increases with increase of temperature).
53. (b) Electrolytic conductance increases with increase in temperature
due to increase in the speed of ions at higher temperature.

““~ Electrical conductance, however, decreases with increase in
temperature because of the disturbance of kernel at high temperature.

o
-

(a) Cell constant = % Its SI unit is m~

It cannot be measured directly from //A.
It is measured from resistance and conductivity.

56. (b) Conductivity of KCl solution is known accurately at various
concentrations and different temperatures, so it is generally used in

conductivity cell to measure cell constant.

57. (¢) Wheatstone bridge consists of two resistance, Ry and R, and a

variable resistance R, and conductivity cell having unknown
resistance R,. It is fed by an oscillator O (a source of AC power in the
range of 550 to 5000 cycles per second). P is suitable detector and
bridge is balanced, when no current passes through the detector.

’ RR

Unknown resistance, R, = —E 5

Cell constant _ 0.616
Resistance 55

58. (b) Conductivity, k = =1.12x102Q " em™

60. () Specific conductance = conductance X cell constant
1
1.3Sm ™" = —Sx cell constant
50

Cell constant =1.3x50m ™' =65m™' = (65/ 100) em™!
1000 X conductance Xcell constant

Molar conductivity = p
molarity

00 L5 cacaet N
04 260 100

=6.25%107*Sm? mol ™

2ND FLOOR, SATKOUDI COMPLEX, THANA CHOWK, RAMGARH-JH-829122



A

—
IIT-NEET-CBSE

STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS

61.

65.

66.

67.

70.

71.

72.

73.

74.

75.
76.

78.

79.

(@) Conductivity always decreases with decrease in concentration
because the number of ions (current carrying species) per unit
volume decreases on dilution. Molar conductivity, however,
increases on dilution because total volume of solution containing
one mole of electrolyte also increases.

(b) When concentration approaches zero, the molar
conductivity is known as limiting molar conductivity. So here
limiting molar conductivity is near about 150.

(d) For strong electrolytes A, = A5, — AC"?

If we plot A, against C 2 we obtain straight line with intercept
equal to A, and slope is equal to —4. The constant 4 depends
on the type of electrolyte, i.e. charges on cation and anion
produced on dissociation of electrolyte.

(b) Y is strong electrolyte because on dilution number of ions
remains almost the same in case of strong electrolyte. Only
interionic attraction decreases and increase in A, is small.

(b) Aycy =50.1+76.3=126.4 S cm” mol ™’
A, =73.5+78.1=151.6 S cm” mol™

(b) Ao((‘H}('OO;:(‘a =2 % =+ A('u: ;

CH3C00™
=2x409+119.0=81.8+119.0
=200.8

(d) CH;COONa + HCl— NaCl+ CH;COOH

Am(CH;COOH) = Am((‘H_:C()O.\‘u) 1y Am(HCl) . AnuNu('l)

(o]

A cizcoom) = (91.0+425.9-126.4) S cm” mol ™

‘ _ 2 =]
Ay cnscoon) = 390.5 S cm” mol

(d) Weak electrolytes have lower degree of dissociation at
higher concentrations. Change in A, with dilution is due to
increase in the degree of dissociation and consequently the
number of ions in total volume of solution that contain 1 mole of
electrolyte. A, increases steeply on dilution, specially near
lower concentrations.

At infinite dilution electrolyte dissociate completely but at such
low concentration the conductivity of the solution is so low

that it cannot be measured accurately.

(¢) Given, molar conductance at 0.1 M concentration,
A, =9.54 Q'em’mol ™

Molar conductance at infinite dilution,
A7 =238 Q7' cm’mol ™!

We know that, degree of ionisation,

g 9.54

o= %100 = 2% %100 = 4.008%
A" 238

(d) All the statements are true.

(c) Oxides of Al and chloride of Mg are electrolysed to produce
these metals. Other statements are true.
: Atomic mass
(c) Equivalent = ———
Equivalent weight
(b) O =it=96.5x100=9650 C
96500 C charge deposited weight of Ag =108 g
108 x 9650 108

9650 C deposited weight of Ag = 8g
96500

www.aepstudycircle.com
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Imol e” [=1F]

’ ——> "
80. (c) MnO; ~ MnOj,
+6 e))

As per the equation, for 1 mole of MnOi‘, 1 F of electricity is
required. Thus, for 0.1 mole of MnOi_, 0.1 F of electricity is
required.
Since; 1F=96500C

0.1F=0.1x96500 C = 9650 C

Hence, 9650 C of electricity is required to completely oxidise n
MnO}~ to MnOj.
8L. (c) A" +3¢ — Al
Equivalent weight of Al = ? =9
From Faraday’s first law, w = zlt = th
96500
e BRID, RPN S e=TAT
ExI 9x105
82. (b) We know that

. 16200 C charge is on T =1.0x10% electrons
X

10—19

NO, NH,

83. (¢ +3H, — + 2H,0

123 g 6g
(1 mol) (3 mol)

Charge, g =1t =1.5x3x60x60=16200C

-+ Charge on one electron = 1.6 X 10"¢c

1x16200
; 2 . 12.3

Moles of nitrobenzene used in the reaction = I =(:1

H, required for reduction = 0.1 x 3= 0.3 mol

Amount of charge required to liberate 0.3 mole of hydrogen
=2x% 96500 x 0.3 = 57900 C.

84. (c) Mass of silver in coating =V X d

=2x1073x100x1.05=2x0105g
_IXtXE

96500
L 96500 _ 0.105x2x 96500

I XE 10x108
85. (d)yw=zit =4 ><IO'4><6><]70—30><6x3600= 388g

Or =187s

86. (b) From Faraday’s second law,

wy, Ey, 1
L=—2 = wy, =——X6.35=0.1¢g
Weu  Ecu 63.5

87. (c)Ag"+ ¢ — Ag Cu** +2¢ — Cu
1 mol 2 mol
I F 2F
"-’- -
Fe™ + 3¢ — Fe

3 mol
3F

Gram of Ag liberated = o510

=1080 g
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88.

89.

90.

91.

92.
93.

94.

95.

96.

98.

99.

100.

102.

Gram of Cu liberated = Sl

=3175¢g
56x10

Gram of Fe liberated = =186.7 g

(a) When aqueous solution of NaCl is electrolysed, there is a
competition between the following reductions reactions at
cathode.

~271V
L =000V

Na +e — Na ECL" =

1
H +¢ — = HZ, el
The reaction with higher value of E° is preferred and therefore,
the second reaction occurs at cathode, i.e. H* is reduced instead
of Na*.
(b) H, is liberated at cathode and Cl, at anode during the
electrolysis of NaCl solution. NaOH is formed so pH will rise.

(b) During the electrolysis of H,SO, (dilute)
2H,0(l) — O,(g)+4H" (aq)+ 4¢;Eg =123V

During the electrolysis of conc. H,SO,
ZSOi_(uq) —> S:Oi (aq)+2¢;Egy =196V O

(d) When MgSO, (aq) is electrolysed, H, and O, are evolved "
at cathode and anode respectively. O
(@) In batteries, cells are connected in series, not parallely. 0

(c) Primary batteries act as only electrochemical cell but not as(
=

electrolytic cell. Q

(b) Anode Zn(s) —> Zn’*(ag)+ 2¢ C

Cathode MnO,+ NH; +¢ —— MnO(OH)+ NH,

At cathode manganese is reduced from +4 oxidation state to +3 )
oxidation state. Ammonia produced in reaction form complex
with Zn** to give [Zn(NH3)4]2' . The cell has potential of 1.5 V.

(a) The cell consists of zinc container that act as anode and
cathode is a carbon (graphite) rod surrounded by powdered
manganese dioxide and carbon. The space between electrodes is
filled by moist paste of NH,Cl and ZnCl,.

(¢) Mercury cell is a low current device. In it Zn — Hg acts as
anode and a paste of C+ HgO as cathode. The cell potential
remains the same due to the non-involvement of such a ion,
concentration of which can change during its whole life.

(b) A rechargeable nickel-cadmium cell is a jelly roll
arrangement and separated by layer soaked in moist sodium or
potassium hydroxide.

Overall reaction during discharge is

Cd(s)+ 2Ni(OH);(s) —> CdO(s)+ 2Ni(OH),(s) + H,O(/)
(@) In thermal power plants, electricity is produced by using
chemical energy of fossil fuels like coal etc.

(d) In hydrogen-oxygen fuel cell,

anode reaction is 2H,(g)+ 4OH" (ag) — 4H,0(/) + 4¢

Given reaction occurs at cathode.

(d) During rusting of iron, metal acts as anode, hydrogen ion as
cathode. The overall reaction is

2Fe+ 0, + 4H' — 2Fe™ + 2 H,0
Formula of rust is Fe,05 - x H,0.
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103.

104.

105.

106.

107.

108.

109.

110.

.

113.
114.

115.
117.

120.

125.

126.
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= Eg o, 0~ Eni pe =123 (0. 44)= 167 V

(c) E2

(b) Galvinisation is the process of applying a protective zinc
coating to iron or steel.

(a, b,c) When E,,; > 1.1V (in Daniell cell)

(1) electrons flow from Cu to Zn and current flows in opposite
direction.

Zn is deposited at the zinc electrode and Cu dissolves from Cu

electrode n
(a, b, d) No salt bridge is required when both the electrodes are
dipped in the solution of same electrolyte.

; o 00591
(a, b) From Nernst equation, £, = E - log Q.

n

IfQ=11logQ=0s0,E,, =Eg
This condition is found in (a) and (b).
(a, b) Because E, is not positive only for these reaction.

o

E.,=E -E
cell = ENi2Ni T Tcu?t/cu

=025-034=-009V
Similarly, £, = E, iy~ B e

=-034V
(a, ¢, d) When same quantity of electricity is passed, same gram
equivalents are obtained but masses are different.

+7
(a, b, ¢) MnO; + 5¢ —> Mn**
5¢ =5F=5%96500=4.82x10°C
(a, d) NaOH—> Na* + OH~
At anode
2H,0—> O, +4H" +4¢
At cathode

H +e— %Hz

(a, b, ¢, d) All the reactions are involved.
(b, ¢, d) Rust is Fe,O5-xH,0

Saline water speeds up the rusting process and impure metal
corrodes more faster as compared to pure metal.

(¢) No current will flow through the cell and the reaction stops.

(b) The potential of individual half-cell cannot be measured.
The difference between potentials of two half-cells give the emf
of cell. Pt(s)|H,(g)|H" (aq) half-cell is called standard hydrogen
electrode.

(h) Amount of metal deposited can not be obtained with the
help of electrochemical series.

(b) At electrode-electrolyte interface, there is a tendency of
metal ion to deposit on metal electrode and make it positively
charged. At the same time metal atom have tendency to go into
solution as ions and leave behind the electrons at the electrode
and make it negatively charged.

(a) Metals like platinum or gold are used as inert electrodes.
They do not participate in the reaction but provide their surface
for oxidation or reduction reactions and for conduction of
electrons.
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143. (d) Chromium is more electropositive metal than iron. In
stainless steel, chromium forms an oxide layer and protects it
from corrosion.

127. (d) CuSO, solution can not be stored in zinc pot because Zn is
more reactive than Cu so it displaces Cu from CuSO, solution.

128. (a) Electrical conductance through metals is called metallic or

electronic conductance because it is due to movement of 144. (c)A-2;B-1;C-3

electrons. 145. (b) The inverse of resistance R is called conductance G.
129. (d) Conductivity always decreases with decrease in G= 1 g A

concentration for weak and strong electrolytes. This is TR

explained by the decrease in the number of ions per unit volume

: . _— Inverse of resistivity is called conductivity and is represented
that carry current in solution, on dilution.

H'|0,|H,0
132. (¢) Anhyd. HCI does not conduct the electricity because it does

not produce the ions.

Anode 2Fe(s) —> 2Fe* (ag)+4e; E o2 =—044V

133. (a) DC can not be used for the measurement of resistance of an Overall reaction

ionic solution. This is because on passing DC the composition
of solution changes. Secondly such a solution cannot be
connected to the bridge like metallic wire or solid conductor. ()

(d) Pure water do not conduct electricity because it is
unionised. O

(¢) Cu gets discharged at cathode Cu®* (ag) + 2¢° — Cu(s),
Copper metal is deposited at cathode and at anode, 1

. : v 24 ¢ N
copper 18 converted into Cu”" ion —~

2Fe(s) + O,(g) + 4H* (ag) — 2Fe™ (aq)

+ 2H,0(0); ESy =1.67V

148. (a) A>p,q,1; B-p,q,r; Cr1; Dop,r1,s

Hydrogen is not a metal.

149. (b) A—p,s; B—oq; C-p,1,s; Dop,s

A reaction is feasible, if its £°_, value is positive.

cel

1
) A. Fe* (aq)+ 1 (ag)—> Fe** (ag)+ =,(g)
Cu(s) — Cu" (aq) + 2¢ R - 2
i.e. Copper is dissolved from anode. It is the industrial process _
by which impure copper is converted into copper of high purit‘y;‘.

=E° -E° - -=(077-054)=0.23

(Fe**/Fe?*) 1/2 15/1
The reaction is feasible.
ie. AG°=-

cell

136. (a) Solid NaCl does not conduct electricity due to the absence )
of free ions. =

138. (¢) Electricity used =5 x 20 x 60 = 6000 C.

Ni(NO;), +2H" +2¢ —— Ni +2HNO, ; (Fe**/Fe?™) 1/2 Bry/Br~
2F 58.7¢ The reaction is not feasible.
Charge required to deposit 1 mole ie.
Ni=2F=2x96500=193x 10° C
1.93%10°C of charge produce Ni= 58.7 g
_— . . 58.7x 6000 C .
6000 C of charge will produce Ni = # =1.825¢g AG°=—ve, E° , =+ ve
1.93x 10 oeil
Assertion is true but reason is false as mass of substance
deposited is directly proportional to the quantity of electricity
passed.

B. Fe* (aq)+ Br™(ag)—> Fe** (ag)+ % Br,(g)

=E° 24, —E° =0.77-1.09=-032V

cell

AG°=+ve
C.Zn+2H' — Zn* +H,
E° = E° : —E°

cell = £y

s E a2 70 = 0= (076) = + 076

D. ;Brz(uq)+ Fe’* (ag)—> Br ™ (aq)+ Fe** (aq)

B =" —-E°
cell (1/2 Bry/Br™) (Fe3*/Fe?*

= 1.09-0.77=0.32 V
139. (¢) Mercury cell gives the constant voltage throughout its The reaction is feasible.
life because the overall reaction does not involve any ion in AG°=-ve

the solution, concentration of which charges during its

e 150. (b) A—>q; B-op,r; C-op; D-os
whole life.

151. (¢) A—p,q; B-or; C-s; Dos
140. (d) H, -0, fuel cell is used over ordinary cell because 152. (d) A-r,s; B-r,p; C-p,q; D-s
they do not cause any pollution and have high efficiency of . . i
60-70%. A. An aqueous solution of AgNO; with silver electrodes.
In aqueous solution, ionisation of AgNO; and H,O takes

place.

141. (d) Production of electricity by thermal plants is not very

efficient and cause environmental pollution.

(aq)

AgNO;(s) =— AU (aq) + NO5 (aq)
H,O (/) == H" (aq) + OH (aq)

142. (a) Blocks of magnesium metal provide cathodic protection in

order to protect sheet from oxidation.

by k
130. (c¢) Pure water has small amounts of hydrogen and hydroxyl 147. (a) Given figure represents the corrosion of iron in the
tons (~10 ° M )_‘IJ“C to which it has very low conductivity atmosphere. Oxidation occurs at anode and reduction occurs at
(B S%107 Sm™). cathode
131. (d) When electrolytes are dissolved in water, they furnish their Cathode O,(g)+ 4H" (ag) + 4¢ —— 2H,0(/);
own ions in the solution, hence the conductivity increases % =123V
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At cathode Ag" ions has less discharge potential than H*
ions so silver will be deposited at cathode.
Ag' (aq) + € —> Ag(s)

At anode An equivalent amount of silver will be oxidised to
Ag" ions by releasing electrons.

Ag(s)—> Ag' (aq) + ¢
Aganode is attacked by NO3 ions, so it will also produce
Ag" in the solution.

B. An aqueous solution of AgNO; with platinum electrodes.

In aqueous solution, ionisation of AgNO; and H,O both
occeur.

(aq)
AgNO;(s) S Ag" (aq) + NO;3(aq)
H,0 (/) == H" (aq) + OH (aq)

As platinum electrodes are non-attackable electrodes, they
will not be reacted upon by NO3 ions.

At cathode Agwill be deposited at cathode.

Ag® (aq) + e —> Ag(s)

At anode Out of NO; and OH™ ions, only OH™ ions will be k
oxidised (due to less discharge potential) preferentially and

NOj; ions will remain in the solution.
OH (aq) — OH+ e
4 OH——> 2H,0()) + O, (g)

‘ ELECTROCHEMISTRY
ELECTrQCmiSTry

Atanode CI ions will be discharged in preference to
OH™ ions and chlorine gas is produced at anode.

Cl (aq) —> Cl(g) + ¢
Cl(g) + Cl(g) — Cl,(g)

153. (b) Increase in the external potential (>1.1) again starts the
reaction but in opposite direction, so direction of current is
from zinc to copper.

=0.74 V-

=0.74 V- =0.736 V

0.059

So, oxygen gas is produced at anode. The solution remains ; 159. (b)) AE =-— ( ) log (0.5)=+ 3.55% 10°V
I8 5

acidic due to the presence of HNOj.
H" (ag) + NOj (ag) == HNO;(aq)
C. A dilute solution of H,SO, with platinum electrodes.
Both H,SO, and water ionise in the solution.
H,S0,4(ag) == 2H" (aq) + SO; (aq)
H,0(/) == 2H" (ag) + OH (aq)
At cathode H" ions will be reduced and hydrogen gas is
produced at cathode.
H" (aq) + e — H(g)
H(g) + H(g) — H,(g)
At anode OH™ ions will be released preferentially and not
SO; ions due to less discharge potential.
OH (ag) — OH+ e
4 OH— 2H,0(/) + O,(g)
Oxygen gas is produced at anode.
Solution will be acidic and will contain H,SO,,.
D. An aqueous solution of CuCl, with platinum electrodes.

Both CuCl, and water ionise as usual.
(aq)

q b
CuCl, == Cu”" (aq) + 2Cl (aq)
H,O(/) == 2H" (aq) + OH (aq)

At cathode Cu”* ions will be reduced preferentially due to
less discharge potential than H ions.

Cu:+((1q)+ 2¢ —— Cu(s)

Copper metal is deposited at cathode.

www.aepstudycircle.com

") 160. (b) The cell constant is given by the equation:

156, (@) Ecoe" =E:l+.Mn2+,MnOE Pt Eoc
Cell constant, G * = conductivity X resistance
=1.29S/mx 100Q

Fe3' Fe?' | Pt _
=1.51-(0.77)=+0.74 V
2+ 3+ 95
167, (@ 5o 5o KT of DO MFT
SF  \[MnO, J[H ]°[Fe™" ]
Lowering pH means increasing [H" ]and it will make term less
positive and E_,, becomes positive.
[ ¢ ]
158. (d) Epy =074 V-1 o (0IEO"
S5F [(1.0)(2.0) (0.5) J
=129m™'=129cm™

0.059 log[ 1]
5 [(2.0)3(0.5)“J
=4 V_(_O.059) log 2
5
Conductivity of 0.2 mol L' KCI solution
= cell constant/ resistance
_G* _129m™

0.059% 0.301
= =0.248Sm™

R 520 Q

161. (d) Concentration = 0.2 mol L™

=1000x% 0.2 mol m™— =200 mol m™>

. K
Molar conductivity = A, = —

&
248x 107 Sm™'

200 mol m™
=124 x 10> S m? mol™

162. (¢) Number of gram-equivalents of hydrogen produced

_6712
11.2
Q0 6x96500

I===———=643.33A
t 15 60

6x 63.5

163. (c¢) Weight of copper deposited =

=1905¢g

164. (d) Six equivalents of H, is oxidised.
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165.

166.

167.
168.
169.

170.

171.

173.

174.

176.

178.

179.

180.

181.

(d) Na* + e i) Na(Hg)
20" —— Cly+ 26

Moles of NaCl electrolysed is 4 X A0 =910
1000

Two Faraday of electric charge is required for electrolysis of
2 moles of NaCl.
Total coulombs = 2 x 96500= 193000 C.

(d) 2 moles of Na formed produced two moles of Na(Hg) amalgam.
Mass of amalgam = 2 x (23 + 200)=446 g

(b) 1 mole of Cl, is produced.
(a) Anode
(b) Cathode

2Cl (aq) —> Cly(g) + 2¢e
2H,0(aq) + 2¢¢ —— H,(g) + 20H

(a) 1kgCl,= 13(;& equivalent of Cl, = 28.17 equivalent of Cl,
2 5 2 2

Theoretical electricity required = 28.17 F
Efficiency is 62%

28.17x 100F

Electricity required (experimental) = =4544F

t=48.72 hr ~

= 45.44x 96500 = 251,

(¢) The amount of electricity required (experimentally) in termﬁi
of Faraday is 45.44 F.

(d) Zinc-mercury amalgam acts as anode and a paste of HgO and
carbon as cathode in the mercury cell. The electrolyte is the paste
of KOH and ZnO. i

(b) Anode  Zn(Hg) + 20H (aq) —> ZnO(s)+ H,0+ 2¢”

Cathode HgO(s) + H,0+ 2¢” — Hg(l)+ 20H" R

The overall reaction is
Zn(Hg) + HgO(s) — ZnO(s) + Hg(/) ~

(a) The reducing agent is zinc and oxidising agent is mercury (i)
oxide in this cell.

(b) Lead storage battery consists of spongy lead anode and a grid
of lead packed with lead dioxide (PbO, ) as cathode. 38% solution
of H,SO, is used as an electrolyte.

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

+ 2H,0(/)
Overall cell reaction
Pb(s)+ PbO,(s)+ 2H,SO04(ag) —> 2PbSO,(s)+ 2H,0(/)
At the time of charging, a reverse reaction takes place. In which
PbSO, (s) at anode and cathode is converted into Pb and PbO,
respectively.
(c) If an external opposite potential is applied on the Galvanic
cell and increased, reaction continue to take place till the
opposing voltage reaches the value of L1 V. At this stage no
current flow through the cell and if there is any further increase in
the external potential then reaction starts functioning in opposite
direction.
Hence, this works as an electrolytic cell.

(c) 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.
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183.

184.

185.

186.

187.

188.
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In such case cell potential is equal to standard electrode
potential.

Pi(s)| H,(g, 1 bar)| |H‘(aq, 1 M)‘ ‘Cuz‘ (ag, 1 M)‘ Cu

Oxidation half -cell reaction Reduction half -cell reaction

(d) An inert electrode in a cell provides surface for either
oxidation or for reduction reaction by conduction of electrons
through its surface but does not participate in the cell
reaction.

It does not provide surface for redox reaction. =
(b) Electrode potential for Mg electrode varies according to
the equation,

Bog o I L

Mg~ /Mg Mg~ /Mg 5) [Mg-* ]
o 0.059 2+
EME}/ Me EMgZ’wMg o 5 log [Mg™ ]
0.059 n °

EMgJ" Me > log [Mg™ ]+ EMgz» Mg

This equation represents equation of straight line. It can be

0.059 24 o
EMgz‘/Mg = (T) log[Mg™ ] +EMg3‘ng

i T T T

Y m X +C

. o
So, intercept (C) -EMg2‘ "

This, equation can be diagramatically represented as

0.059

Enig? Mo

log[Mg?]—

correlated as

(c) E.y 1s an intensive property as it does not depend upon
mass of species (number of particles) but A G of the cell
reaction is an extensive property because this depends upon
mass of species (number of particles).

(b) Here, out of given four options standard reduction
potential of chromium has highest negative value, hence most
powerful reducing agent is chromium.

(c) Higher the positive value of standard reduction potential
of metal ion, higher will be its oxidising capacity.

. o = o) o
Since, E Mn0,~/Mn2* has value equal to 1.51 V, hence it is
the strongest oxidising agent.

(b) SR
SRP values

151V
1.36 V
133V
-0.74V

Species (ions)
Mn?*'
Cls
G
Cr

On moving top to bottom SRP value decreases from positive
to negative which will increase the reducing capacity.
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189. (d) E° ,. has positive value equal to 1.51 V which is

MnO 4 /Mn
highest among given four choices. So, Mn?* is the most stable

ion in its reduced form.
190. (a) E 3+, ¢, has most negative value of E,ie. —0.74 lowest

among given four choices. So, Cr** is the most stable oxidised
species.

191. (d) Cell constant is defined as the ratio of distance between the
electrodes and their area of cross section.

/)
G=—
A
Since, [and 4 remain constant for any particular cell hence

value of cell constant always remains constant for a cell.

192. (c¢) Solution consists of electrolytes is known as electrolytic
solution and conductivity of electrolytic solution depends upon
the following factors
(1) Size of ions As ion size increases, ion mobility decreases
and conductivity decreases.

(i) Viscosity of solution Greater the viscosity of the solution,
lesser will be the conductivity of the solution.

(111) Solvation of ions Greater the solvation of ions of an
electrolyte, lesser will be the electrical conductivity of the
solution. O

(iv) Temperature of medium Conductivity of solution
increases with increase in temperature.

o o
. H.CN = -
193 ([1) A"N-\H-t(“ Amt.\'lh ) m(Cl™) (

o o [}

A - — /\ v + A
m (NaOH) m(Na™) m(OH")

o

) ° o
Am(.\'a('l) -

o o o
Am(\lh('l) + Aml.\'u()lh i Am(NaCH =Am(\ll4()lll

194. (d) In case of electrolysis of ag. NaCl oxidation reaction occurs
at anode as follows:

1
Cl (aq) — ;Clz(g)f e ;E°=1-36V

2H,0 (I)—> O,(g)+ 4H  (ag) +4e™; E.y =123V
But due to lower E;c“ value, water should get oxidised in

preference of Cl™ (ag).

However, the actual reaction taking place is the first one i.e. Cl,
is produced.

This unexpected result is explained on the basis of the concept
of ‘overvoltage’, i.e. water needs greater voltage for oxidation
to O, (as it is kinetically slow process) than that needed for
oxidation of Cl™ ions to Cl,.

195. (c) The quantity of charge required to obtain one mole of
aluminium from Al,O; is equal to number of electrons required
to convert Al,O; to AL

AP* (ag)———> Al(s)
Hence, total 3F is required.

196. (a) While charging the lead storage battery the reaction
occurring in the cell is reversed and PbSO, (s) on anode and
cathode is converted into Pb and PbO, respectively.
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197. (b, ¢)

(i) Left side of cell represents oxidation half-cell i.e. oxidation
of Mg and right side of cell represents reduction half-cell
i.e. reduction of copper.
(i1) Cu is reduced and reduction occurs at cathode.
(iif) Mgis oxidised and oxidation occurs at anode.
(iv) Whole cell reaction can be written as

Oxidation

Mg+ Cu®*" - Mg* +Cu
Reduction
198. (b, d) Lesser the E° value of redox couple, higher is the reducing
power.
Cu* +2¢ — Cu E°=034V
2H™ +2¢ —> H, E°=0.00V
Since, 2H" / H, has lesser SRP than Cu®" /Cu redox couple.
Therefore,
(i) This redox couple is a stronger oxidising agent than H* /H,.

(i1) Cu cannot displace H, from acids.

199. (a, ¢) During the electrolysis of dilute sulphuric acid solution all
the given three reactions occur each of which represents
particular reaction either oxidation half-cell reaction or reduction
half-cell reaction.

Oxidation half-cell reactions occur at anode are as follows

o

2802 (ag) —> $,04° + 2¢ Eoy =196 V
2H,0() —> O,(g) + 4 H' (ag) + 4¢; Eoy =1.23V

cel

Reaction having lower value of E:e" will undergo faster

oxidation. Hence, oxidation of water occur preferentially for
dilute sulphuric acid but in case of concentrated H,SO, former
reaction (oxidation of SO3") is preferred.

Reduction half-cell reaction occurs at cathode is

H (aq)+ e — %Hz(g) At cathode

200. (b, ¢) At state of equilibrium,
AG=-—RTInK
—nFE° =—RT 2.303 log K-
- 2
157 = RT2. 37— (n = 2 for Daniell cell)
+ 2F

.+ At equilibrium E° =1.1

2.303RT 2.2
———logK-=11 = logK- =—— on solvin
T e =009 | el

201. (a, b) As we know conductance is reciprocal of resistance and
conductivity is the conductance of 1 cm” of substance.
Also,conductivity is reciprocal of resistivity.

K:_I = R:p_[
p A
-A 1
p:——:} K=
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202. (a, b) Conductivity of electrolytic solution is due to the presence  211. (d) Copper sulphate cannot be stored in zinc vessel as zinc is

of mobile ions in the solution. This type of conductance is

known as ionic conductance. Hence, conductivity of electrolytic

solutions depend upon

(i) the nature of electrolyte added

(i1) size of the ion produced and their solvation

(iii) concentration of electrolyte

(iv) nature of solvent and its viscosity

(v) temperature
Power of source or distance between the electrodes has no
effect on conductivity of electrolytic solution.

203. (a, ¢) Molar conductivity is the conductivity due to ions

furnished by one mole of electrolyte in solution. It depends on

more reactive than copper due to negative value of standard
reduction potential of Zn.

(a) Since conductivity depends upon the number of ions per unit
volume. Therefore, the conductivity of all electrolytes decreases
on dilution due to decrease in number of ions per unit volume.

(@) Molar conductivity of weak electrolytic solution increases on
dilution, because as we add excess water to increase the dilution
degree of dissociation increases which leads to increase in the
number of ions in the solution. Thus, A show a very sharp
increase.

(@) Concentration of ionic solution changes on using DC current
as a source of energy while on passing AC current concentration

204. (a, c) For electrolysis of aqueous solution of CuSOy,, 4
CuSO, (ag)—> Cu** + SO;” ¥ Pram-.
H,0 — 2H' + 0* E
At anode 20— 0,+2¢
Atcathode Cu* +2¢ — Cu (s)

Cl“(aq)—)%CIz+e Eoy =136V

2H20 (aq) —> O(g)+4H" (ag)+4¢; Eoy =123V

1 E,y for this reaction has lower value but formation of oxygen at

205. (a, b) Electrolysis of CuSO, can be represented by following /7

two half-cell reactions ~216. (h)A. 5(3) B.=(1) C.=() D.-()
At cathode Cu“ + 2¢ — Cu( 5)

E—->4) F->2) G-(6)

anode requires over potential.

At anode Cu(s)— Cu* +2¢ ( _ L
Here, Cu will deposit at cathode while copper will dissolved at S !S fmiti-thogil s st oxidiging Agent Dechus SR af.
e E,is+ 2.87 V.

r B. Liis a metal and strongest reducing agent because SRP of
Liis—3.05V.

C. Au’* is a metal ion which is an oxidising agent as SRP of
sl Au”" is+1.40V.
is positive then AG° becomes negative. D

206. (c) Assertion is true but the reason is false. Feasibility of
chemical reaction dcpcnds on Gibb’s free energy which is

related to Eu” as, AG®° = - nFE°

When value of F““

. Br™ is an anion that can be oxidised by Au** as Au**
(E" =140)is greater than Br"(Eo =1.09 V).

E. Au is an unreactive metal.

Hence, reaction becomes feasible.
Correct reason 1S E ypode > Eanode-

207. (e) Assertion is false but reason is true. Correct assertion is

mercury cell gives steady potential F. Li" is a metal ion having least value of SRP (=3.05 V),
Reason is correct as ions are not involved in the cell reaction. hence it is the weakest oxidising agent.

208. (a) Current stops flowing when E =0 G. F~ is an anion which is the weakest reducing agent as F~ /F,

) has low oxidation potential (-2.87 V).
As at E o = 0, reaction reaches the equilibrium.
217. d)A.—>4) B.— (1) C.—-(2) D.—-(3)

A. A, (molar conductivity) is the conductivity due to number
of ions furnished by one mole of electrolyte. As dilution
increases, number of ions present in the solution increases
hence, molar conductivity increases.

209. (c) Electrode potential of Cu** /Cu is + 0.34 Vand electrode
potential of 2H" / H, is 0.00 V.

. . . ~ 2 . .
Hence, correct reason is due to positive value of Cu”" /Cu it is
less reactive than hydrogen.

210. (b) Both Assertion and Reason are correct but Reason is not the B. E,y of any atom/ion does not depend upon number of
correct explanation of Assertion. atom/ion, hence E . of any atom/ion is an intensive
0.0591 1 property.
1 log [Ag'] C. xrepresents specific conductivity which depends upon
number of ions present in per unit volume.

E=E°-

=E°+ 0.059 log [Ag" ]

) et ) ! i D. A,G, 1s an extensive property as it depends upon number
increases with increase in concentration of Ag”.

of particles(species).

(i) Temperature It increases with increase in temperature. doc?s not change. Hence, AC source is used for measuring
(if) Concentration of electrolytes in solution As concentration resistance.
of electrolyte increases, molar conductivity decreases. 215. (a) Electrolysis of NaCl is represented by following chemical
K reactions
m E
At cathode H (ag)+e —— —H,(g)
Thus, £ .
Ag "/ Ag
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218. d)A.-»4) B.—»3) C.—» (1) D.—-(?)
219. bH)A.—->4) B.—»3) C.—-(2) D.—()
220. (d)A.—->4) B.—»(3) C.—»(1) D.—>(2
221. (a)A.—>4) B.—»(3) C.—»(6) D.—(©2
A. Leclanche cell The electrode reaction occurs at Leclanche
cell are ;
At anode Zn (s)—— Zn“+ 2e”
At cathode
MnO, + NH} + ¢ — MnO(OH)+ NH;
B. Ni-Cd cell is rechargeable. So, it has more life time.
C. Fuel cell produces energy due to combustion. So, fuel cell
converts energy of combustion into electrical energy e.g.
2H, + 0, — 2H,0
D. Mercury cell does not involve any ion in solution and is
used in hearing aids.
222, (b) Given, Q = 2F, Atomic mass of Cu=63.5u
Valency of the metal Z = 2
We have, CuSO, —> Cu?* + SO}
Cu® +2¢ —> Cu
Imol 2 f_"“l Imol = 63.5 ¢

: E 2x%63.5
Alternatively, w=zQ = F -2F=2F =- o = 63.5
223. (c) According to Debye Huckel Onsager equation,
}\.(- = )\. o B\"""(v

y

o

where, A = limiting equivalent conductivity at concentration €

A.. = limiting equivalent conductivity at infinite dilution
C = concentration (
et [ - e . : . o, RS (
224. (a) If E_; is positive, reaction is spontaneous, otherwise it is
non-spontaneous.
2+ = nl)
Mn“" +2¢- —— Mn; E°=-1.18V
2Mn™" — 2Mn”" +2¢; E°=-151V
24 3
3Mn“* — Mn+ 2 Mn™
o_ L©O ) L M
E°=E° ,+E° 4=-1.51+(-1.18) = -2.69V
Negative £ e Of the reaction indicates that reaction is
non-spontaneous.
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225. (d) Higher the SRP, better the oxidising agent. Among the

given E°Mn0, - is highest, hence MnQOyj is the strongest
vy
oxidising agent.
226. (d) AG = —nEF = -22009X96300,;_ ) 4y
1000
227. (d) A cell reaction is spontaneous, if AG°< 0
Since, AG°=-nF oy,
Thus, Eyy >0

Eull EU‘(I + EUKI
Reduction
X+Y* — X% 4y
L |
Oxidation
(@ X =Ni, Y=Fe
Ni+ Fe?* — Ni** + Fg
E° . .2=4023 V
Ni/Ni
£ -044V
Fe?'/Fe
Thus, E°_ =E° - s
=-0.21 V, E°_,, <0, reaction is non-spontaneous.
(b). X =Ni, Y'=Zn,
Ni+Zn** — Ni** + Zn
BS =023 N F g 0.76 V
E° . < 0, reaction is non-spontaneous.
(¢c) X =Fe, Y =Zn, Fe+ Zn** — Fe** +Zn
E°.q =E° _ +E°Zn3, . 0.44-0.76=-0.32V
E° . < 0, reaction is non-spontaneous.
{d) X == N
Zn+ Ni** — Zn** + Ni

cell

Ni/Ni
E° g =-053 V,
o i YO o - - -
E°cn =E°, . 2+ +E° 24\ =0.76-023=0.53V
The reaction is spontaneous.
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