
Topic 1 Electrochemical Cells
Objective Questions I (Only one correct option)

1. Given, 

Co  Co3 2+ - ++ ¾® ° = +e E; .181 V

Pb Pb4 2+ - ++ ¾® ° = +2 167e E; .  V

Ce Ce ;4 3+ - ++ ¾® ° = +e E 161.  V

Bi Bi;3+ -+ ¾® ° = +3 0 20e E .  V

Oxidising power of the species will increase in the order 
(2019 Main, 12 April I)

(a) Ce   Pb   Bi   Co4 4 3+ 3+ + +< < <

(b) Bi   Ce   Pb   Co3 4 4 3+ + + +< < <

(c) Co   Ce   Bi   Pb3 4 3 4+ + + +< < <

(d) Co   Pb   Ce   Bi3 4 4 3+ + + +< < <

2. A so lu tion of Ni(NO )3 2 is elec tro lysed be tween plat i num

electrodes us ing 0.1 Far a day elec tric ity. How many mole of 
Ni  will be de pos ited at the cathode? (2019 Main, 9 April II)

(a) 0.20 (b) 0.10 (c) 0.15 (d) 0.05

3. Calculate the standard cell potential (in V) of the cell in
which following reaction takes place

Fe + Ag Fe + Ag2+ + 3+( ) ( ) ( ) ( )aq aq aq s¾®

Given that,

E x° =
Ag / Ag+  V

E y° =
Fe / Fe2+  V

E z° =
Fe / Fe3 +  V (2019 Main, 8 April II)

(a) x y z+ -2 3 (b) x y-

(c) x y z+ - (d) x z-

4. Given, that EO / H O2 2

s  = +1.23V;

Es
S O / SO2 8

2
4
2  = 2.05V- - ;

      E
Br / Br

2

= +1.09Vs
s ,

     E
Au 3+ / Au

= +1.4Vs  

The strongest oxidising agent is (2019 Main, 8 April I)

(a) Au 3+ (b) O2 (c) S O2 8
2- (d) Br2

5. Consider the following reduction processes:

 Zn Zn2 2 0 76+ -+ ¾ ®¾ °= -e s E( ); .  V

 Ca Ca2 2 2 87+ -+ ¾ ®¾ °= -e s E( ); .  V

Mg   Mg2+ -+ ¾ ®¾ °= -2 2 36e s E( ); .  V

 Ni Ni2 2 0 25+ -+ ¾ ®¾ °= -e s E( ); .  V

The reducing power of the metals increases in the order
(2019 Main, 10 Jan I)

(a) Zn < Mg < Ni < Ca (b) Ni < Zn < Mg < Ca

(c) Ca < Zn < Mg < Ni (d) Ca < Mg < Zn < Ni

6. The anodic half-cell of lead-acid battery is recharged using
electricity of 0.05 Faraday. The amount of PbSO4

electrolysed in g during the process is (Molar mass of 

PbSO   303g mol4
1= - ) (2019 Main, 9 Jan I)

(a) 11.4 (b) 7.6 (c) 15.2 (d) 22.8

7. How long (approximate) should water be electrolysed by
passing through 100 amperes current so that the oxygen
released can completely burn 27.66 g of diborane?
(Atomic weight of B = 10 8. m) (2018 Main)

(a) 6.4 hours (b) 0.8 hours (c) 3.2 hours (d) 1.6 hours

8. Given, E
Cl /Cl2

-
° = 1 36. V, E

Cr /Cr3 +
° = - 0 74. V

     E
Cr O /Cr2 7

2 3 - +
° = 1 33. V, E

MnO / Mn4
2 +-° = 1 51. V

Among the following, the strongest reducing agent is
(2017 Main)

(a) Cr (b) Mn 2 +

(c) Cr3 + (d) Cl-

9. For the fol low ing elec tro chem i cal cell at 298 K,

Pt H H M)( ) | ( , ) | ( ,s g aq2 1 1bar +

| ( ), ( ) | ( )| PtM aq M aq s4 2+ +

Ecell V= 0 092.   when  
[ ( )]

[ ( )]

M aq

M aq

x
2

4
10

+

+
=  

Given :   E
RT

FM M4+ 2+ 0.151 V; 2.303 0.059 V
/

° = =

The value of x is (2016 Adv.)

(a) - 2 (b) - 1
(c) 1 (d) 2
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10. Two Faraday of electricity is passed through a solution of 
CuSO4. The mass of copper deposited at the cathode is
(at. mass of Cu 63.5=  u) (2015 Main)

(a) 0 g (b) 63.5 g (c) 2 g (d) 127 g

11. Given, E
Cr /Cr3+    0.74 V° = - ; E

MnO /Mn4
2+-° =  1.51 V

  E
Cr O /Cr2 7

2 3+  1.33 V-
° = ; E

Cl /Cl
1.36 V-° =

Based on the data given above strongest oxidising agent will
be (2013 Main)

(a) Cl (b) Cr3+  (c) Mn2+  (d) MnO4
-

12. Elec trol y sis of di lute aque ous NaCl so lu tion was car ried out
by pass ing 10 mA cur rent. The time re quired to lib er ate

0.01 mole of H2 gas at the cathode is (1 F = 96500 C mol-1)

(a) 9.65 104´  s (b) 1 1049.3 s´ (2008, 3M)

(c) 2 5 1048.9 s´ (d) 3 1048.6 s´

13. In the elec tro lytic cell, flow of elec trons is from (2003, 1M)

(a) cathode to anode in solution

(b) cathode to anode through external supply

(c) cathode to anode through internal supply

(d) anode to cathode through internal supply

14. Stan dard elec trode po ten tial data are use ful for
un der stand ing the suit abil ity of an ox i dant in a re dox
ti tra tion. Some half-cell re ac tions and their stan dard
po ten tials are given be low :

MnO ( + 8H ( ) + 54
+- - ¾®aq) aq e  Mn ( ) + 4H O(2+

2aq l ),

             E° = 1.51 V

Cr O ( ) + 14 H ( ) + 62 7
2 +- - ¾®aq aq  e  2Cr ( ) + 7H O(3+

2aq l ,)

             E° = 1.38 V

    Fe ( + Fe (3+ 2+aq  aq) )e- ¾®    E° = 0.77 V

         Cl ( + 2 2Cl ( )2 g  aq) e- -¾®    E° = 1.40 V

Identify the incorrect statement regarding the quantitative
estimation of aqueous Fe(NO )3 2 (2002, 3M)

(a) MnO4
-  can be used in aqueous HCl

(b) Cr O2 7
2-  can be used in aqueous HCl

(c) MnO4
-  can be used in aqueous H SO2 4

(d) Cr O2 7
2-  can be used in aqueous H SO2 4

15. Sat u rated so lu tion of KNO3 is used to make ‘salt-bridge’
be cause (2001, 1M)

(a) velocity of K+  is greater than that of NO3
–

(b) velocity of NO3
-  is greater than that of K+

(c) velocities of both K+  and NO3
-  are nearly the same

(d) KNO3 is highly soluble in water

16. The gas X at 1 atm is bub bled through a so lu tion con tain ing a
mix ture of 1 M Y -  and 1 M Z -  at 25 C° . If the or der of
re duc tion po ten tial is Z Y X> > , then (1999, 2M)

(a) Y will oxidise X and not Z

(b) Y will oxidise Z and not X
(c) Y will oxidise both X and Z

(d) Y will reduce both X and Z

17. The stan dard re duc tion po ten tial val ues of three me tal lic
cat ions, X, Y, Z are 0.52, - 3.03 and - 1.18 V re spec tively.
The or der of re duc ing power of the cor re spond ing met als is
(a) Y > Z > X (b) X > Y > Z (1998, 2M)

(c)  Z > Y > X (d) Z > X > Y

18. The stan dard re duc tion po ten tials E°, for the half re ac tions
are as

    Zn Zn + 2 ,2+= -e   E° = + 0.76 V

     Fe = Fe + 22+ e- , E° = 0.41 V  

The emf for the cell reaction,  

     Fe + Zn Zn Fe2+ 2+® +   is (1989, 1M)

(a) – 0.35 V (b) + 0.35 V (c) + 1.17 V (d) - 1.17 V

19. When a lead stor age bat tery is dis charged (1986, 1M)

(a) SO2 is evolved

(b) lead is formed
(c) lead sulphate is consumed

(d) sulphuric acid is consumed

20. The re ac tion,

    
1

2
H  AgCl H + Cl + Ag 2

+( ) ( ) ( ) ( ) ( )g s aq aq s+ -r

occurs in the galvanic cell (1985, 1M)

(a) Ag AgCl ( ) KCl(soln)| |s | AgNO Ag3 |

(b) Pt|H ( ) HCl(soln)2 g | | AgNO  (soln) Ag3 |

(c) Pt H ( )HCl (soln)2| g | AgCl Ag( )|s

(d) Pt | H KCl(soln)2 ( ) |g | AgCl( ) Ags |

21. The elec tric charge for elec trode de po si tion of one gram
equiv a lent of a sub stance is (1984, 1M)

(a) one ampere per second
(b) 96,500 coulombs per second

(c) one ampere for one hour
(d) charge on one mole of electrons

22. A so lu tion con tain ing one mole per litre of each Cu (NO )3 2, 

AgNO ,Hg (NO )3 2 3 2 and Mg(NO3 2)  is be ing elec tro lysed by 
us ing in ert elec trodes. The val ues of stan dard elec trode
po ten tials in volts (re duc tion potential) are

Ag / Ag + 0.80, Hg 2Hg 0.79+
2
2+= = +/

     Cu Cu + 0.342+ / = , Mg Mg 2.372+ / = -

With increasing voltage, the sequence of deposition of
metals on the cathode will be (1984, 1M)

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

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

23. Far a day’s laws of elec trol y sis are re lated to the (1983, 1M)

(a) atomic number of the cation 
(b) atomic number of the anion
(c) equivalent weight of the electrolyte

(d) speed of the cation

24. The stan dard re duc tion po ten tials at 298K for the fol low ing
half cells are given :

  Zn Zn2 2+ -+( ) ( )aq e sr  ;  E° = -0.762 V

       Cr Cr3 3+ -+( ) ( )aq e sr  ;  E° = -0.740 V
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     2H H+ -+( ) ( )aq e g2 2r ;  E° = 0.000 V

    Fe Fe3 2+ - ++( ) ( )aq e aqr ;  E° =  0.770 V

Which is the strongest reducing agent? (1981, 1M)

(a) Zn( )s (b) Cr( )s (c) H2 ( )g (d) Fe2+ ( )aq

Objective Questions II 
(One or more than one correct option)

25. In a galvanic cell, the salt-bridge (2014 Adv.)

(a) does not participate chemically in the cell reaction
(b) stops the diffusion of ions from one electrode to
another
(c) is necessary for the occurrence of the cell reaction
(d) ensures mixing of the two electrolytic solutions

26. For the re duc tion of NO3
–  ion in an aque ous so lu tion E° is 

+ 0 96. V. Val ues of E° for some metal ions are given be low
   V2+ + ¾®( ) –aq e2  V; E° = - 1.19 V
  Fe3+ ( ) –aq e+ ¾®3 Fe; E° = -0.04V
Au 3+ + ¾®( ) –aq e3 Au; E° = + 1.40 V
Hg Hg2+ + ¾®( ) –aq e2 ; E° = + 0.86V

The pair(s) of metals that is/are oxidised by NO3
–  in aqueous

solution is (are) (2009)

(a) V and Hg (b) Hg and Fe (c) Fe and Au (d) Fe and V

Numerical Value Based Question

27. For the electrochemical cell,

Mg( )|Mg (  1 M) || Cu ( , 1 M) | Cu( )2 2s aq, aq s+ +

The standard emf of the cell is 2.70 V at 300 K. When the

concentration of Mg 2+ is changed to x M, the cell potential

changes to 2.67 V at 300 K. The value of x is _____.

(Given, 
F

R
= 11500 K V 1-  , where F  is the Faraday constant

and R is the gas contant, In (10) = 2 30. ) (2018 Adv.)

28. Consider an electrochemical cell : 

A s A aq B aq B sn n( M M)| () | ( , )|| ( , )+ +2 12 . The value of DHs

for the cell reaction is twice of DGs  at 300 K. If the emf of

the cell is zero, the DSs  (in J K-1 mol-1) of the cell reaction
per mole of B formed at 300 K is …… .

(Given : ln( ) . ,2 0 7= R (universal gas constant) = -8 3 1. J K  

mol-1. H S,  and G are enthalpy, entropy and Gibbs energy,

respectively.) (2018 Adv.)

Passage Based Questions

Passage

Chemical reactions involve interaction of atoms and
molecules. A large number of atoms/molecules
(approximately 6.023 1023´ ) are present in a few grams of
any chemical compound varying with their atomic/molecular 
masses. To handle  such large numbers conveniently, the
mole concept was introduced. This concept has implications

in diverse areas such as analytical chemistry, biochemistry,
electrochemistry and radiochemistry. The following
example illustrates a typical case, involving
chemical/electrochemical reaction, which requires a clear
understanding of the mole concept. A 4.0 M aqueous solution 
of NaCl is prepared and 500 mL of this solution is
electrolysed. This leads to the evolution of chlorine gas at
one of the electrodes

(atomic mass : Na = 23, Hg = 200 , 1 F = 96500 C).
(2007, 3  4M = 12M´ )

29. The to tal num ber of moles of chlo rine gas evolved is
(a) 0.5 (b) 1.0
(c) 2.0 (d) 3.0

30. If the cath ode is a Hg elec trode, the max i mum weight
(in gram) of amal gam formed from this so lu tion is
(a) 200 (b) 225
(c) 400 (d) 446

31. The to tal charge (cou lombs) re quired for com plete
elec trol y sis is
(a) 24125 (b) 48250 
(c) 96500 (d) 193000

Subjective Questions

32. The fol low ing elec tro chem i cal cell has been set-up :
   Pt Fe Fe ( 1) Ce ,3+ 2+ 4+( ) | , |1 a =  Ce ( 1) Pt (2)3+ a = |

       E° =(Fe , Fe ) 0.77 V3+ 2+

and       E° =(Ce , Ce ) 1.61 V4+ 3+

If an ammeter is connected between the two platinum
electrodes, predict the direction of flow of current, will the

current increases or decreases with time? (2000, 2M)

33. Cop per sul phate so lu tion (250 mL) was elec tro lysed us ing a
plat i num an ode and a cop per cath ode. A con stant cur rent of
2 mA was passed for 16 min. It was found that af ter
elec trol y sis the absorbance of the so lu tion was re duced to
50% of its orig i nal value. Cal cu late the con cen tra tion of
cop per sul phate in the so lu tion to be gin with. (2000, 3M)

34. A cell, Ag | Ag Cu Cu+ 2+|| | , ini tially con tains 1 M Ag +  and

1 M Cu 2+  ions. Cal cu late the change in the cell po ten tial
af ter the pas sage of 9.65 A of cur rent for 1 h. (1999, 6M)

35. How many grams of sil ver could be plated out on a serv ing
tray by elec trol y sis of a so lu tion con tain ing sil ver in +1
ox i da tion state for a pe riod of 8.0 h at a cur rent of 8.46 A?
What is the area of the tray, if the thick ness of the sil ver

plat ing is 0.00254 cm? Den sity of sil ver is 10.5 g/cm3.
(1997, 3M)

36. The Ed i son stor age cell is rep re sented as:

Fe ( ) / FeO(s s) / KOH( )aq  /Ni O ( )2 3 s  / Ni( )s

The half-cell reactions are :

 Ni O ( + H O ( ) + 2 2NiO( ) + 2OH2 3 2s l s) e- -r ,

E°= + 0.40 V

     FeO H O(2( ) )s l e+ + -2 r Fe( ) + 2OHs - ,  

E° = -0.87 V
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(i) What is the cell reaction?
(ii) What is the cell emf ? How does it depend on the

concentration of KOH?
(iii) What is the maximum amount of electrical energy that can 

be obtained from one mole of  Ni O2 3? (1994, 4M)

37. The stan dard re duc tion-po ten tial for the half-cell

NO ( ) + 2H +3
+- - ¾®aq e  NO ( ) + H O2 2g   is 0.78 V

(i) Calculate the reduction-potential in 8M H+ .

(ii) What will be the reduction-potential of the half-cell in a
neutral solution? Assume all the other species to be at unit
concentration. (1993, 2M)

38. Chro mium metal can be plated out from an acidic so lu tion

con tain ing Cr O3 ac cord ing to the fol low ing equa tion.

Cr O ( ) + 6H ( ) + 6 Cr + 3H O3
+

2aq aq  e s- ¾® ( )

Calculate (i) How many grams of chromium will be plated
out by 24,000 C and (ii) How long will it take to plate out
1.5 g of chromium by using 12.5 A current? (1993, 2M)

39. An aque ous so lu tion of NaCl on elec trol y sis gives 

H Cl2 2( ), ( )g g  and NaOH ac cord ing to the re ac tion.

2Cl ( ) + 2H O 2OH ( )–
2aq aqr - + H ( ) + Cl (2 2g g )

A direct current of 25 A with a current efficiency of 62% is
passed through 20 L of NaCl solution (20% by weight).
Write down the reactions taking place at the anode and
cathode. How long will it take to produce 1kg of Cl ?2  What
will be the molarity of the solution with respect to hydroxide

ion? (Assume no loss due to evaporation) (1992, 3M)

40. For the gal vanic cell, 
Ag | AgCl( )s  , KCl (0.2 M) || KBr (0.001 M), AgBr (s) | Ag

Calculate the emf generated and assign correct polarity to
each electrode for a spontaneous process after taking into

account the cell reaction at 25 C° .
[ (AgCl) 2.8 10 ,sp

10K = ´ -  Ksp
13(AgBr) 3.3 10= ´ - ] (1992, 4M)

41. A cur rent of 1.70 A is passed through 300.0 mL of 0.160M
so lu tion of a ZnSO4 for 230 s with a cur rent ef fi ciency of
90%. Find out the molarity of Zn 2+  af ter the de po si tion Zn.
As sume the vol ume of the so lu tion to re main con stant dur ing
the elec trol y sis. (1991, 4M)

42. Cal cu late the quan tity of elec tric ity that would be re quired to
re duce 12.3 g of nitrobenzene to an i line,  if the cur rent
ef fi ciency for the pro cess is 50%. If the po ten tial drop across

the cell is 3.0 V, how much en ergy will be con sumed?
(1990, 3M)

43. An acidic so lu tion of Cu 2+ salt con tain ing 0.4 g of Cu 2+  is

elec tro lysed un til all the cop per is de pos ited. The elec trol y sis 
is con tin ued for seven more min utes with the vol ume of
so lu tion kept at 100 mL and the cur rent at 1.2 A. Cal cu late
the vol ume of gases evolved at NTP dur ing the en tire

elec trol y sis. (1989, 5M)

44. In a fuel cell hy dro gen and ox y gen re act to pro duces

elec tric ity. In the pro cess hy dro gen gas is oxi dised at the

an ode and ox y gen at the cath ode. If 67.2 L of H2 at STP re act

in 15 min, what is the av er age cur rent pro duced? If the en tire

cur rent is used for elec tro de po si tion of cop per from cop per

(II) so lu tion, how many grams of cop per will be de pos ited?

Anode reaction :       H + 2OH 2H O + 22 2
- -¾® e

Cathode reaction : O + 2H O + 2 4OH2 2 e- -¾® (1988, 4M)

45. A cell con tains two hy dro gen elec trodes. The neg a tive

elec trode is in con tact with a so lu tion of 10 M6-  hy dro gen

ions. The emf of the cell is 0.118 V at 25 C° . Cal cu late the

con cen tra tion of hy dro gen ions at the pos i tive elec trode.
(1988, 2M)

46. A 100 watt, 110 V incandecent lamp is con nected in se ries

with an elec tro lyte cell con tain ing cad mium  sul phate

so lu tion. What weight of cad mium will be de pos ited by the

cur rent flow ing for 10 h? (1987, 5M)

47. Dur ing the dis charge of a lead stor age bat tery, the den sity of

sulphuric acid fell from 1.294 to 1.139 g/mL. Sulphuric acid

of den sity  1.294 g/mL is 39% H SO2 4 by weight and that of

den sity 1.139 g/mL is 20% H SO2 4 by weight. The bat tery

holds 3.5 L of the acid and the vol ume re mained prac ti cally

con stant dur ing the dis charge.

Calculate the number of ampere-hours for which the battery

must have been used. The charging and discharging reactions 

are

 Pb + SO PbSO + 2 (charging)4
2

4
- -= e

   PbO + 4H + SO + 22
+

4
2- -e

   = PbSO + 2H O4 2  (discharging) (1986, 5M)

48. How long a cur rent of  3 A has to be passed through a

so lu tion of sil ver ni trate to coat a metal sur face of 80 cm2

with a 0.005 mm thick layer? 

Density of silver is 10.5 g/cm3. (1985, 3M)

49. In an elec trol y sis ex per i ment cur rent was passed for 5 h

through two cells con nected in se ries. The first cell con tains a 

so lu tion of gold and the sec ond con tains cop per sul phate

so lu tion. 9.85 g of gold was de pos ited in the first cell. If the

ox i da tion num ber of gold is +3, find the amount of cop per

de pos ited on the cath ode of the sec ond cell. Also cal cu late

the mag ni tude of the cur rent in am pere.

(Atomic weight of Au = 197 and atomic weight of    

Cu = 63.5)
(1983, 3M)

50. A cur rent of 3.7 A is passed for 6 h be tween nickel elec trodes

in 0.5 L of a 2.0 M so lu tion of Ni(NO3 2) . What will be the

molarity of so lu tion at the end of elec trol y sis? (1978, 2M)
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Topic 2 Conductivity of Electrolytic Solutions and their 
Measurement and Nernst Equation

Objective Questions I (Only one correct option)

1. The decreasing order of electrical conductivity of the
following aqueous solution is

0.1 M formic acid (A),

0.1 M acetic acid (B),

0.1 M benzoic acid (C). (2019 Main, 12 April II)

(a) A > C > B (b) C > B > A 

(c) A > B > C (d) C > A > B 

2. Which one of the following graphs between molar

conductivity (Lm ) versus C  is correct?

(2019 Main, 10 April II)

3. Consider the statements S1 and S2 :

S1 : Conductivity always increases with decrease in the

concentration of electrolyte.

S2 : Molar conductivity always increases with decrease in

the concentration of electrolyte.  

The correct option among the following is
(2019 Main, 10 April I)

(a) S1 is correct and S2 is wrong 
(b) S1 is wrong and S2 is correct 

(c) Both S1 and S2 are wrong

(d) Both S1 and S2 are correct

4. The standard Gibbs energy for the given cell reaction in kJ 

mol-1 at 298 K is

Zn Cu Zn Cu( ) ( ) ( ) ( )s aq aq s+ ¾® ++ +2 2 ,

E° = 2V at 298 K

(Faraday’s constant, F  = 96000 C mol-1)
(2019 Main, 9 April I)

(a) 384 (b) 192 (c) -384 (d) -192

5. L°m for NaCl, HCl and NaA are 126.4, 425.9 and 

100 5 1. S cm  mol2 - , respectively. If the conductivity of

0.001 M HA is 5 10 5 1´ - -S cm , degree of dissociation of

HA is (2019 Main, 12 Jan II)

(a) 0.25 (b) 0.50 (c) 0.75 (d) 0.125

6. Given the equilibrium constant ( )KC  of the reaction :

  Cu Ag Cu+( ) ( ) ( )s aq aq+ ¾® +2 2  + 2Ag( )s

is 10 1015´ ,  calculate the Ecell
°  of this reaction at 298 K. 

2 303 298 0 059. .
RT

F
at VK =

é

ëê
ù

ûú (2019 Main, 11 Jan II)

(a) 0.4736 V (b) 0.04736 mV

(c) 0.4736 mV (d) 0.04736 V

7. For the cell, Zn( )|Zn ( )|| ( )| ( )2+ x+s aq M aq M s , different

half cells and their standard electrode potentials are given
below.

M x+ (aq)/M(s)
Au3+ (aq)/

Au(s)
Ag+ (aq)/

Ag(s)
Fe3+ (aq)/

Fe2+ (aq)
Fe2+ (aq)/

Fe(s)

E V
M Mx° + /

/ 1.40 0.80 0.77 - 0 44.

If E° = -+Zn Zn2 0 76
/

.  V, which cathode will give a maximum
value of E°cell  per electron transferred? (2019 Main, 11 Jan I)

(a) 
Ag

Ag

+

(b) 
Fe

Fe

2+

(c) 
Au

Au

3+

(d) 
Fe

Fe

3+

2+

8. In the cell,

Pt(s) H HCl( )2 ( , 1 bar)g aq  |AgCl( )s  Ag Pt( ) ( )s s  the cell 

potential is 0.92 V when a 10 6-  molal HCl solution is used.

The standard electrode potential of ( )AgCl/ Ag,Cl-

electrode is Given, 
2.303

  0.06 V at  298 K
RT

F
=

ì
í
î

ü
ý
þ

(a) 0.40 V (b) 0.20 V (c) 0.94 V (d) 0.76 V

9. If the stan dard elec trode po ten tial for a cell is 2V at 300 K,
the equi lib rium con stant (K) for the re ac tion,

Zn Cu Zn Cu2+ 2+( ) ( ) ( ) ( )s aq aq s+ +-

at 300 K is approximately

( , )R = - - -8 1 1 1JK mol F = 96000 C mol

(2019 Main, 9 Jan II)

(a) e-160 (b) e160 (c) e-80 (d) e320

10. For the following cell,

Zn ZnSO( ) ( ) ( ) ( )s aq aq s| ||CuSO |Cu44

when the concentration of Zn2+  is 10 times the concentration

of Cu2+ , the expression for DG (in J mol-1) is

[F is Faraday constant; R is gas constant;
T  is temperature; E° (cell) = 11.  V] (2017 Adv.)

(a) 2.303 RT +11.  F (b) 1.1 F
(c) 2.303 RT - 2 2.  F (d) -2 2.  F

11. Galvanisation is applying a coating of (2016 Main)

(a) Cr (b) Cu
(c) Zn (d) Pb

KCl

N
aC

l

ÖC

(a)

ÖC

(b) N
aCl

KCl

K
C

l
NaCl

ÖC

(d)

ÖC

(c)

N
aCl

KCl

Lm

LmLm

Lm



12. Given be low are the half-cell re ac tions (2014 Main)

       Mn Mn2 2+ -+ ¾®e ;  E° = - 1.18  eV  

  2 2( ) ;Mn Mn3+ - ++ ¾®e  E° = +  1.51 eV

The E° for 3Mn   Mn + 2Mn2 3++ ®  will be

(a) - 2 69.  V; 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

13. The equiv a lent con duc tance of NaCl at con cen tra tion C and
at in fi nite di lu tion are lC  and l¥, re spec tively. The cor rect
re la tion ship be tween lC   and l¥ is given as (where, the
con stant B is pos i tive) (2014 Main)

(a) l lC B C= +¥ ( ) (b) l lC B C= -¥ ( )

(c) l lC B C= -¥ ( ) (d) l lC B C= +¥ ( )

14. Re sis tance of 0.2 M so lu tion of an elec tro lyte is 50 W . The

spe cific con duc tance of the so lu tion of 0.5 M so lu tion of same

elec tro lyte is 1.4 S m 1-  and re sis tance of same so lu tion of the
same elec tro lyte is 280 W . The mo lar con duc tiv ity of 0.5 M

so lu tion of the elec tro lyte in Sm mol2 1-  is (2014 Main)

(a) 5 10 4´ - (b) 5 10 3´ -

(c) 5 103´ (d) 5 102´

15. The stan dard re duc tion po ten tial data at 25°C is given be low.

E° = ++ +(Fe  / Fe )   0.77 V;3 2  E° = -(Fe  / Fe)  0.44 V;2

E° = ++(Cu / Cu)  0.34 V;2   E° = ++(Cu / Cu)  0.52 V;

E g e° + + ¾® = ++ -( ( ) )O 4H  2H O)   1.23 V;2 24

E g e° + + ¾® = +-( ( ) )O 2H O 4OH)   0.40 V2 2 4

E° = -+(Cr  / Cr)  0.74 V;3  E° = ++(Cr  / Cr)  0.91 V2

Match E° of the rebox pair in Column I with the values given
in Column II and select the correct answer using the code
given below the lists. (2013 Adv.)

Column I Column II

P. E° +(Fe  / Fe)3 1.  - 0.18 V

Q. E° ++ -( )4H O 4H   4OH2 r 2. – 0.4 V

R. E° + ¾®+ +( )Cu   Cu 2 Cu2 3. – 0.04 V

S. E° + +(Cr , Cr )3 2 4. – 0.83 V

Codes

P Q R S
(a) 4 1 2 3
(b) 2 3 4 1
(c) 1 2 3 4
(d) 3 4 1 2

16. An aque ous so lu tion of X  is added slowly to an aque ous
so lu tion of Y  as shown in Column I. The vari a tion in
con duc tiv ity of these re ac tions is given in Column II. Match
Column I with Column II and se lect the cor rect an swer us ing
the codes given be low the Columns. (2013 Adv.)

Column I Column II

P. (C H ) N  CH COOH2 5 3 3+

       X               Y

1. Conductivity decreases 
and then increases

Q. KI(0.1 M)  AgNO (0.01 M)3+
    X              Y

2. Conductivity decreases 
and then does not
change much

R. CH COOH  KOH3 +

       X             Y

3. Conductivity increases 
and then does not
change much

S. NaOH    +   HI

    X             Y

4. Conductivity does not
change much and then
increases

Codes
P Q R S P Q R S

(a) 3 4 2 1 (b) 4 3 2 1
(c) 2 3 4 1 (d) 1 4 3 2

17. Con sider the fol low ing cell re ac tion,

 2Fe O 4H2
+( ) ( ) ( )s g aq+ + ¾® 2Fe 2H O2+

2( ) ( )aq l+ , 

E ° = 1.67 V

At [Fe ] 2+ = -10 3 M, P(O2) = 0.1 atm and pH = 3, the cell

potential at 25 C°  is (2011)

(a) 1.47 V (b) 1.77 V
(c) 1.87 V (d) 1.57 V

18. AgNO3 (aque ous) was added to an aque ous KCl so lu tion
grad u ally and the con duc tiv ity of the so lu tion was mea sured.
The plot of con duc tance (L) ver sus the vol ume of AgNO3 is

(2011)

(a) (P) (b) (Q) (c) (R) (d) (S)

19. The half cell re ac tions for rust ing of iron are :

  2H O H O+
2+ + ¾®-2

1

2
2e l( );       E° = + 1.23V

       Fe Fe2 2+ -+ ¾®e s( );  E° = - 0.44 V

DG° (in kJ) for the reaction is (2005, 1M)

(a) – 76  (b) – 322
(c) – 122  (d) – 176

20. Zn | Zn 0.1M Fe 0.01M) Fe.2+ 2+( ) || ( |a a= =

The emf of the above cell is 0.2905 V. Equilibrium constant
for the cell reaction is (2004, 1M)

(a) 100.32/ 0.059 (b) 100.32/ 0.0295

(c) 100.26/ 0.0295 (d) 100.32/ 0.295

21. The cor rect or der of equiv a lent con duc tance at in fi nite
di lu tion of LiCl, NaCl and KCl is (2001, 1M)

(a) LiCl >  NaCl > KCl (b) KCl > NaCl > LiCl

(c) NaCl > KCl > LiCl (d) LiCl > KCl > NaCl
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22. For the elec tro chem i cal cell, ( | )||( | ),M M X X+ -  
E° =+( )M M/ 0.44 V and E° =-( )X X/ 0.33 V.

From this data one can deduce that (2000, 1M)

(a) M + X   M  + X+¾® -  is the  spontaneous reaction

(b) M + X   M + X+ – ¾®  is the spontaneous reaction

(c) Ecell 0.77 V=

(d) Ecell 0.77 V= -

23. The stan dard re duc tion po ten tials of Cu 2+/Cu and 

Cu / Cu2+ +  are 0.337 V and 0.153 V re spec tively. The

stan dard elec trode po ten tial of Cu +/Cu half-cell is
(1997, 1M)

(a) 0.184 V (b) 0.827 V (c) 0. 521 V (d) 0.490 V

Numerical Value Based Question

24. The surface of copper gets tarnished by the formation of
copper oxide. N2 gas was passed to prevent the oxide
formation during heating of copper at 1250 K. However, the 
N2 gas contains 1 mole % of water vapour as impurity. The
water vapour oxidises copper as per the reaction given below

   2Cu( )+ H O( ) Cu O( )+ H ( )2 2 2g g s g¾®

pH 2
 is the minimum partial pressure of H2 (in bar) needed to

prevent the oxidation at 1250 K. The value of ln( )pH 2
  is

…… .

(Given : total pressure = 1 bar, R (universal gas constant) 

= -8 1J K  mol-1, ln( ) . ( )10 2 30= Cu s  and Cu O2 ( )s  are

mutually immiscible.)

At 1250 K : 2Cu( )+ Os g1 2 2/ ( ) ¾® Cu O( );2 s   

            DGs = - 78 000,  J mol-1

H ( )+ H O2 2g g g
1

2
2O ( ) ( )¾® ;

DGs = - 1 78 000, ,  J mol-1; G is the Gibbs energy (2018 Adv.)

Passage Based Questions

Passage I
The electrochemical cell shown below is a concentration

cell.  M M| 2+  (saturated solution of a sparingly soluble salt,

MX 2)||M 2+  (0.001 mol dm-3)|M . The emf of the cell

depends on the difference in concetration of M 2+  ions at the
two electrodes. The emf of the cell at 298K is 0.059 V.

(2012)

25. The sol u bil ity prod uct (K sp : mol3dm-9) of MX 2 at 298
based on the in for ma tion avail able the given con cen tra tion
cell is (take 2.303 298/ F 0.059 V´ ´ =R )

(a) 1 10 15´ - (b) 4 10 15´ -

(c)  1 10 12´ - (d) 4 10 12´ -

26. The value of DG (kJ mol-1) for the given cell is 

(take F mol 11 96500= -C  )

(a) - 5.7 (b) 5.7 (c) 11.4 (d) –11.4

Passage II
The concentration of potassium ions inside a biological cell
is at least twenty times higher than the outside. The resulting
potential difference across the cell is important in several
processes such as transmission of nerve impulses and
maintaining the ion balance. A simple model for such a
concentration cell involving a metal M is :

      M s M aq( ) | ( ;+  0.05 molar) || ( ; | ( )M aq M s+ 1 molar)

For the above electrolytic cell the magnitude of the cell
potential | |Ecell  mV.= 70 (2010)

27. For the above cell
(a) Ecell < 0; DG > 0 (b) Ecell > 0; DG < 0
(c) Ecell < 0; DG° > 0 (d) Ecell > 0; DG° < 0

28. If the 0.05 mo lar so lu tion of M +  is re placed by a 0.0025

mo lar M +  so lu tion, then the mag ni tude of the cell po ten tial
would be
(a) 35 mV (b) 70 mV
(c) 140 mV (d) 700 mV

Passage III
Redox reaction play a pivotal role in chemistry and biology.
The values of standard redox potential ( )E°  of two half-cell
reactions decide which way the reaction is expected to
proceed. A simple example is a Daniell cell in which zinc
goes into solution and copper gets deposited. Given below
are a set of half-cell reactions (acidic medium) along with
their E V°(  with respect to normal hydrogen electrode)
values. Using this data obtain the correct explanations to
Questions 17–19. (2007, 4  3M = 12M´ )

       I + 2I2 2e- -® E° = 0.54

      Cl 2Cl2 2+ ®- -e E° = 1.36

     Mn Mn3 2+ - ++ ®e E° = 1.50

      Fe Fe3 2+ - ++ ®e E° = 0.77

O + 4H + 2H O2
+

24e- ® E° = 1.23

29. Among the fol low ing, iden tify the cor rect state ment.
(a) Chloride ion is oxidised by O2

(b) Fe2+  is oxidised by iodine
(c) Iodide ion is oxidised by chlorine

(d) Mn 2+  is oxidised by chlorine

30. While Fe3+  is sta ble, Mn 3+  is not sta ble in acid so lu tion
be cause

(a) O2 oxidises Mn 2+  to Mn 3+

(b) O2 oxidises both Mn 2+  to Mn 3+  and Fe2+  to Fe3+

(c) Fe3+  oxidises H O2  to O2

(d) Mn 3+  oxidises H O2  to O2

31. So dium fu sion ex tract, ob tained from an i line, on treat ment
with iron (II) sul phate and H SO2 4 in the pres ence of air gives
a Prus sian blue pre cip i tate. The blue col our is due to the
formation of
(a) Fe [Fe(CN) ]4 6 3 (b) Fe [Fe(CN) ]3 6 2

(c) Fe [Fe(CN) ]4 6 2 (d) Fe [Fe(CN) ]3 6 3
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Passage IV

 Tollen’s re agent is used for the de tec tion of al de hydes. When 
a so lu tion of AgNO3 is added to glu cose with NH OH4 , then
gluconic acid is formed. 

    Ag  Ag; 0.80 Vred
+ - °+ ¾® =     e E

C H O   H O C H O 2H   26 12 6 2 6 12 7
Gluconic acid

+ ¾® + ++ -   ;e

Eoxi  0.05 V° = -  

   Ag(NH ) Ag ( ) 2NH3 2 3
+ -+ ¾® +      ;e s Ered 0.337V°  =

         [Use 2.303 0.0    ´ =
RT

F
592 and 

F

RT
  = 3 28.9  at 298 K]

(2006, 3  4M  12M´ = )

32. 2Ag   C H O   H O 2Ag ( ) 6 12 6 2
+ + + ¾®  s  + + +   C H O 2H6 12 7

Find ln K of this reaction.
(a) 66.13 (b) 58.38 (c) 28.30 (d) 46.29

33. When am mo nia is added to the so lu tion, pH is raised to 11.
Which half-cell re ac tion is af fected by pH and by how much?
(a) Eoxi  will increase by a factor of 0.65 from Eoxi

°

(b) Eoxi  will decrease by a factor of 0.65 from Eoxi
°

(c) E red  will increase by a factor of 0.65 from E red
°

(d) E red  will decrease by a factor of 0.65 from E red
°

34. Am mo nia is al ways added in this re ac tion. Which of the
fol low ing must be in cor rect?
(a) NH3 combines with Ag +  to form a complex
(b) Ag(NH )3 2

+  is a stronger oxidising reagent than Ag +

(c) In the absence of NH3 silver salt of gluconic acid is
formed

(d) NH3 has affected the standard reduction potential of
glucose/gluconic acid electrode

Subjective Questions

35. We have taken a sat u rated so lu tion of AgBr, K sp is 
12 10 14´ - . If 10 7-  M of AgNO3 are added to 1 L of this
so lu tion, find con duc tiv ity (spe cific con duc tance) of this
so lu tion in terms of  10  Sm 7  1- -  units. (2006, 6M)

Given, l
(Ag )

2  1 Sm  mol ,+
° - -= ´6 10 3

 l
(Br )

2  1Sm  mol ,-
° - -= ´8 10 3   

l
(NO )

2  1

3
–  Sm  mol° - -= ´7 10 3 .

36. Calculate DGr
° of the following reaction:

(a) Ag Cl AgCl+ -+ ¾®( ) ( ) ( )aq aq s

Given

DG f
°( )AgCl -109 kJ /mol

DG f
° -( )Cl -129kJ /mol

DG f
°( )Ag+ 77kJ /mol

Represent the above reaction in form of a cell. Calculate
E° of the cell. Find log10 K sp of AgCl. (2005, 6M)

(b) 6.539 g´ -10 2  of metallic Z un( . )= 65 39  was added to 

100 mL of saturated solution of AgCl. Calculate 

log
[ ]

[ ]
10

2

2

Zn

Ag

+

+
. Given that

       Ag Ag+ -+ ¾®e ;    E° = 0.80V

            Zn Zn2 2+ -+ ¾®e ;    E°= -76V

Also find how many moles of Ag will be formed?

37. Find the equi lib rium con stant for the re ac tion 

Cu In2+ + +2 r Cu   In 3++ +

Given that  E° =
Cu /Cu2+ + 0.15V,

E° = -
In / In2+ + 0.4V,

                  E ° = -
In / In3+ + 0.42V

(2004, 4M)

38. (a) Will pH value of wa ter be same at tem per a ture 25°C and

4°C? Jus tify in not more than 2 or 3 sen tences.

(b) Two students use same stock solution of ZnSO4 and a
solution of CuSO4. The emf of one cell is 0.03 V higher
than the other. The concentration of CuSO4 in the cell with 
higher emf value is 0.5 M. Find out the concentration of 
CuSO4 in the other cell. Given : 2.303 / 0.0RT F = 6V .

(2003, 2M)

39. The stan dard po ten tial of the fol low ing cell is 0.23 V at 15 C°

and 0.21 V at 35 C° .

    Pt | H HCl(2 ( ) | )g aq   | AgCl Ag( ) | ( )s s

(i) Write the cell reaction.

(ii) Calculate DH ° and DS ° for the cell reaction by assuming
that these quantities remain unchanged in the range 15 C°

to 35 C° .

(iii) Calculate the solubility of AgCl in water at 25 C° .

Given, the standard reduction potential of the 

( ( )/ ( )Ag Ag + aq s  is 0.80 V at 25 C° .
(2001, 10M)

40. Find the sol u bil ity prod uct of a sat u rated so lu tion of 

Ag CrO2 4 in wa ter at 298 K, if the emf of the cell Ag | Ag +

(Saturated Ag CrO solution. )2 4  ||Ag+  (0.1 M) | Ag is 0.164 V

at 298 K. (1998, 6M)

41. Cal cu late the equi lib rium con stant for the re ac tion, 

2Fe 3I 2Fe + I3+ 2+
3+ - -r . The stan dard re duc tion

po ten tials in acidic con di tions are 0.77 V and 0.54 V

re spec tively for Fe Fe3+/ 2+  and I I3
- -/  cou ples. (1998, 3M)

42. Cal cu late the equi lib rium con stant for the re ac tion

Fe + Ce Fe + Ce2+ 4+ 3+ 3+r

Given, E° =+( )Ce /Ce 1.44 V,4+ 3  E° +( )Fe /Fe =0.68 V3+ 2

(1997, 2M)

43. The stan dard re duc tion po ten tial for Cu /Cu2+  is +0.34 V.

Cal cu late the re duc tion po ten tial at pH 14=  for the above

cou ple. K sp of Cu (OH)2 is 1.0 10 19´ - . (1996, 3M)

44. An ex cess of liq uid mer cury is added to an acid i fied so lu tion

of 1.0 10 M Fe3+´ -3 . It is found that 5 % of Fe3+  re mains at

equi lib rium at 25 C° . Cal cu late E° (Hg / Hg )2+  as sum ing that 

the only re ac tion that oc curs is

 2Hg + 2Fe Hg + 2Fe3+
2
2+ 2+¾®

Given,   E° =(Fe / Fe ) 0.77 V3+ 2+

(1995, 4M)



45. The stan dard re duc tion po ten tial of the Ag /Ag+  elec trode at

298 K is 0.799 V. Given that for AgI, K sp
178.7 10= ´ - ,

eval u ate the po ten tial of the Ag / Ag+  elec trode in a sat u rated

so lu tion of AgI. Also cal cu late the stan dard re duc tion

po ten tial of the I- / AgI/Ag elec trode. (1994, 3M)

46. Zinc gran ules are added in ex cess to a 500 mL of 1.0 M
nickel ni trate so lu tion at 25 C°  un til the equi lib rium is

reached. If the stan dard re duc tion po ten tial of Zn / Zn2+  and 

Ni / Ni2+  are – 0.75 V and – 0.24 V re spec tively. Find out the

con cen tra tion of Ni2+  in so lu tion at equilibrium. (1991, 2M)

47. The stan dard re duc tion po ten tial of Cu Cu2+ /  and Ag Ag+ /

elec trodes are 0.337 and 0.799 V re spec tively. Con struct a
gal vanic cell us ing these elec trodes so that its stan dard emf is

pos i tive. For what con cen tra tion of Ag +  will the emf of the

cell, at 25 C,°  be zero if the con cen tra tion of Cu 2+  is 0.01 M?
(1990, 3M)

48. The stan dard re duc tion po ten tial at 25 C°  of the re ac tion, 

2H O + 2 H + 2OH ,2 2e- -r  is -0.8277 V. Cal cu late the

equi lib rium con stant for the reaction,

          2H O H O + OH2 3
+r -  at 25 C.° (1989, 3M)

49. The emf of a cell cor re spond ing to the re ac tion. 

Zn( ) + 2H ( ) Zn (0.1M)+ 2+s aq ¾®  + H , ( ,1atm)2 g

is 0.28 V at 25 C° .

Write the half-cell reactions and calculate the pH of the
solution at the hydrogen electrode.

    E° = -( )Zn / Zn 0.76 V2+   E
H / H+

2
0° =

(1986, 4M)

50. Give rea sons in one or two sen tences.

“Anhydrous HCl is a bad conductor of electricity but

aqueous HCl is a good conductor.” (1985, 1M)

51. Con sider the cell, 

   Zn Zn 1.0 M Cu 1.0 M Cu| ( ) ( ) || ( ) ( ) |2 2+ +aq aq

The standard reduction potentials are 0.350 V for

          Cu Cu2 2+ -+ ¾®( )aq e  

and -0.763 V for Zn Zn2 2+ -+ ¾®( )aq e

(i) Write down the cell reaction.

(ii) Calculate the emf of the cell.

(iii) Is the cell reaction spontaneous or not? (1982, 2M)

Integer Type Questions

52. The conductance of a 0.0015 M aqueous solution of a weak
monobasic acid was determined by using a conductivity cell
consisting of platinised Pt electrodes. The distance between
the electrodes is 120 cm with an area of cross section of 1 cm
2. The conductance of this solution was found to be 5 10 7´ -

S. The pH of the solution is 4. The value of limiting molar

conductivity ( )L°
m  of this weak monobasic acid in aqueous

solution is Z ´ 102 S cm-1 mol-1. The value of Z is

(2017 Adv.)

53. All the energy released from the reaction 

X Y Gr® ° - -, =D 193 1kJmol  is used for oxidising M +  as 

M M e E .  .+ + -® + ° = -3 2 0 25, V

Under standard conditions, the number of moles of M +

oxidised when one mole of X is converted to Y is 

[F  96500 C mol ]= -
(2015 Adv.)

Topic 1

1. (b) 2. (d) 3. (a) 4. (c)

5. (b) 6. (b) 7. (c) 8. (a)

9. (d) 10. (b) 11. (d) 12. (b)

13. (c) 14. (a) 15. (c) 16. (a)

17. (a) 18. (b) 19. (d) 20. (c)

21. (d) 22. (c) 23. (c) 24. (a)

25. (a, b) 26. (a,b,d) 27. (10)

28. (–11.62 JK mol-1) 29. (b) 30. (d)

31. (d) 33. (8  ́10 5-  M) 34. (0001 V) 35. (300 cm2)

36. (-245.11 kJ) 39. (1.4085 M) 40. (-0.037 V) 41. (0.154 M)

42. (347.40 kJ) 44. (190.50 g) 45. (10 4-  M) 46. (19.1 g)

47. (265 Ah) 48. (125 s) 49. (0.80 A) 50. (1.172 M)

Topic 2

1. (a) 2. (c) 3. (b) 4. (c)

5. (d) 6. (a) 7. (a) 8. (b)

9. (b) 10. (c) 11. (c) 12. (a)

13. (c) 14. (a) 15. (d) 16. (a)

17. (d) 18. (d) 19. (b) 20. (b)

21. (b) 22. (b) 23. (c) 24. (–14.16)

25. (b) 26. (d) 27. (b) 28. (c)

29. (c) 30. (d) 31. (a) 32. (b)

33. (c) 34. (d) 35. (55) 37. (1010)

38. (0.05 M) 40. (2.45  ́10-12) 41. (5.89  ́107)

42. (6.88  ́1012) 43. (- 0.222 V) 44. (0.7926 V) 46. (1.7  ́1017)

47. (1.57  ́10-9) 48. (1.04  ́10 14- ) 49. (8.6)

52. (6  ́102 S cm-1 mol-1) 53. (4 mol)
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Topic 1 Electrochemical Cells
1. Key Idea  Negative E° means that redox couple is weaker

oxidising agent than H  /H2
+  couple. Positive E° means that

redox couple is a stronger oxidising agent than H  / H2
+

couple

Given, Co Co 1.813 2+ - ++ ¾¾® ° = +e E;  V

     Pb Pb 1.674 22+ - ++ ¾¾® ° = +e E;  V

       Ce Ce 1.614 3+ - ++ ¾¾® ° = +e E;  V

      Bi Bi; 0.203 3+ -+ ¾¾® ° = +e E  V

Oxidising power of the species increases in the

order of Bi Ce Pb Co3 + < < <+ + +4 4 3 .

Higher the emf value, stronger the oxidising power. The

maximum value of emf is possessed by Co3+ . Hence, it has

maximum oxidising power. Whereas Bi3+  possess the lowest
emf value. Hence, it has minimum oxidising power.

2. A solution of Ni(NO )3 2 is electrolysed between platinum

electrodes using 0.1 Faraday electricity. It means that 0.1

equivalent of Ni2+  will be discharged.

Electrolysis of Ni(NO )3 2 gives

Ni + 2 Ni2+ e- ¾®     (Atomic mass of Ni = 58.7)

Number of equivalents = Number of moles ́  number of electrons.

01. = Number of moles ´ 2

\ Number of moles of Ni = =
01

2
0 05

.
.

3. Fe + Ag Fe + Ag( )2+ + 3 +( ) ( ) ( )aq aq aq s¾®

\  E E Ecell Ag /Ag Fe Fe+ 3+
º º

/

º= - +2  = - +x EV
Fe Fe3+ /

º
2  … (i)

Now, for two half-cells

(i) Fe + 2 Fe2+ e- ¾® ;  E E y
Fe Fe2+ V

/
º º= =1  DG FE2 12º º= -

(ii) Fe + 3 Fe3 + e- ¾®  ; E E z
Fe Fe3+ V

/

º º= =2  DG FE2 23º º= -

So, Fe + Fe3 + – 2+e ¾®  ; E E
Fe Fe3+ /

º º ?2 3+ = =

  ; DG FE3 31º º= - ´

Again,  D D DG G G3 2 1
º º º= -

Þ    - = - - -FE FE FE3 2 13 2º º º( ) 

Þ       - = -E E E3 1 22 3º º º Þ E E E3 2 13 2º º º= -

Þ  E z y
Fe Fe3+ V

/

º ( )2 3 2+ = -

So, from equation (i)

 E xV z ycell Vº ( )= - -3 2  = - +( )x z y3 2 V

4. Higher the standard reduction potential ( º )
/

E
M Mn+ , better is

oxidising agent. Among the given, E
S O / SO2 8

2
4
2- -

°  is highest, hence 

S O2 8
2- is the strongest oxidising agent. 

The decreasing order of oxidising agent among the given option
is as follows:

S O Au O Br2 8
2 3

2 2
- +> > >

5. Reducing power of an element 

µ
1

Standard reduction potential

Here, E
M M

° +2 /
 values of the given metals are as,

 Metals  Ni        Zn        Mg       Ca

E° ( )V    - 0 25.    - 0 76.    - 2 36.    - 2 87.

            ¾¾¾¾¾¾¾¾¾¾¾¾¾¾®
Reducing power

Thus, the correct order of increasing reducing power of the
given metal is, 

Ni < Zn < Mg < Ca.

6.   Key Idea This question is based upon Faraday’s first law
which states that “Mass of any substance deposited or
liberated at any electrode is directly proportional to the
quantity of electricity passed.”

During charging: 

Pb  SO4
2 + ¾®-   PbSO4 +

-2e

Þ    1 F º 1 g-equiv. of PbSO4

   =
1

2
 mol of PbSO4 Þ

303

2
 g PbSO4  

\   0.05 F  
303

2
º   ́ .0 05 g of PbSO4

      = 7.575 g of PbSO4  

7. Given that, i = 100 amp. also, 27.66 g of diborane (B H )2 6

Molecular mass of B H2 6 = ´ + =10 8 2 6 27 6. .

Number of moles of B H2 6 in 27.66 g = = »
Given mass

Molar mass

27 66

27 6
1

.

.

Now consider the equation
B H   3O B O  + 3H O2 6 2 2 3 2+ ¾®

From the equation we can interpret that 3 moles of oxygen is
required to burn 1 mole (i.e. 27.6 g) B H2 6 completely.

Also consider the electrolysis reaction of water i.e. 

H O 2H   O2 s + --+   

2H 2H H
Cathode

2

2
+ +

¾¾® ¾® 
-e

O  O  O  
2e

Anode

atoms

2 such

2
--

-
¾¾® ¾¾® 

-

From the above equation it can be easily interpreted that in
electrolysis of water for the production of 1 mole of oxygen
from 1 mole of H O2  at anode 4 moles electrons are required.

Likewise for the production of 3 moles of O2 12 3 4( )´  moles of
electrons will be needed.

So, the total amount of charge required to produce 3 moles of
oxygen will be 12 ´ F or 12 96500´

We know          Q it=

So, 12 96500 100´ = ´ t in seconds

or    
12 96500

100 3600

´

´
= t in hours = 3 2.  hours

Hints & Solutions



8. The substances which have lower reduction potentials are

stronger reducing agents. Therefore, Cr (    0.74 V)
Cr / Cr3 +E° = -  is

the strongest reducing agent among all the other given options.

9. Oxidation at anode 

H H ( )+ 22
+( )g aq e¾® -2 ;   ESHE 0.00 V° =     

Reduction at cathode

M aq e M aq4+ 2+( )+ ¾®-2 ( );  E
M M4+ 2+/

0.151 V° =

Net: M aq g M aq aq4 2 2+ ++ ¾® +( ) H ( ) H2
+( ) ( );

      K
M

M p
=

[ ] [ ]

[ ]

2+ +

4+
H

H

2

2

 (Ecell
° =0.151 V ) =

[ ]

[ ]

M

M

2+

4+

       E E Kcell = ° -cell

0 059

2

.
log

    0 092 0151
0 059

2

2

4
. .

.
log

[ ]

[ ]
= -

+

+

M

M

    0 059
0 059

2
10.

.
log= x

\      log10 2x =

\            x = 2

10. Given,  Q F= 2

Atomic mass of Cu u= 63 5.

Valency of the metal Z = 2

We have,       CuSO Cu4
2

4
2¾® ++ -SO

   Cu 2 Cu
mol 2mol

2
mol =63.5g

2

1 1

+ -+ ¾®e

F

Alternatively.

    W ZQ
E

F
F E= = × =2 2  =

´
=

2 63 5

2

.
63.5

11. Higher the standard reduction potential, better is oxi dis ing

agent. Among the given E
MnO /Mn4

2+-
°  is high est, hence MnO4

- is

the stron gest oxi dis ing agent.

12. 0.01 mol of H2 = 0.02 g equivalent

Þ  Coulombs required = 0.02  ́96500 = 1930 C

Þ        Q It= = 1930 C

Þ          t =
´

= ´
-

1930

10 10 3
19.3 10 s4

13. In electrolytic cell electrolysis occur at the cost of electricity :

At cathode : M ne Mn+ + ¾®

(electron gone in solution)

At anode :             X X nen- -¾® +

(electron supplied to anode)

Therefore, electron is moving from cathode to anode via internal 
circuit.

14. MnO4
- cannot be used for oxidation of Fe2+  in HCl medium

because the following reaction is spontaneous :

MnO Cl Mn Cl4
2+

2
- -+ ¾® + ; E° = -1.51 1.40 = 0.11 V

In all other cases, the redox process between oxidising agent and 
medium (HCl or H SO2 4) are non-spontaneous, would not

interfere oxidation of Fe2+ .

15. One of the requirement for electrolyte used in salt-bridge is, both
cation and anion must have comparable size so that they migrate
towards electrodes of opposite polarity at comparable speeds.

16. Higher the value of reduction potential, stronger the oxidising
agent.

Q          E Z Y X° > >:

Þ Y will oxidise X  but not Z.

17. Lower the value of E° , stronger the reducing agent.

Reducing power: 
Y E( . )° = - >3 03 V Z E( )° = - 1.18 V  > ° =X E( )0.52 V .

18.      Fe Fe2+ + ¾®-2e  ;       E° = - 0.41V 

                              Zn Zn + 22+¾® -e  ; E°= + 0.76V 

Þ Fe Zn Zn + Fe2+ 2++ ¾® ;     E° = + 0.35V

19. In a lead storage battery, sulphuric acid is consumed as :

  Pb + PbO + 2H SO 2PbSO + 2H O2 2 4 4 2¾®

20. In a galvanic cell, oxidation occur in the left hand electrode
chamber and reduction in right hand electrode chamber. In the
following cell.

Pt | H ( ) | HCl ( )||AgCl ( ) | Ag( )2 g l s s

The cell reactions are :

       
1
2

H H2
+( )g e¾® + -   At anode

     AgCl(s) + e- ¾®  Ag  + -Cl   At cathode

Net : 
1

2
2H AgCl  Ag Cl( ) ( ) ( )g s s+ ¾® + ++ -H

21. One gram equivalent of an electrolyte required 1.0 mole of
electronic charge for discharging.

22. In aqueous solution, only those ions who are less electropositive
than hydrogen (E° > 0) would be deposited.

Therefore, in the present case, only Ag, Hg and Cu would be

deposited on passing electricity through aqueous solution of

these ions, Mg will not be deposited.

Also, higher the value of E°, easier will be their reduction,

therefore, the sequence in which ions will be deposited on

increasing voltage across the electrodes is :

Ag, Hg, Cu.

23. Faraday’s law of electrolysis is related to equivalent weight of

electrolytes as “the number of Faraday’s passed is equal to the

number of gram equivalent of electrolytes discharged.”

24. Lower the value of E°, stronger the reducing agent.

25. PLAN This problem is based on characteristics of salt-bridge.

Functions of salt-bridge are

(i) It connects the two half-cells and completes the cell circuit.

(ii) It keeps the solutions of two half-cells and complete the cell
circuit but does not participate chemically in the cell
reaction.

(iii) It maintains the diffusion of ions from one electrode to
another electrode.

(iv) A cell reaction may also occur in the absence of salt-bridge.
Sometimes, both the electrodes dip in the same electrolyte
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solution and in such cases we do not require a salt-bridge.”
So, option (c)  is incorrect.

(v) This prevent mixing of two electrolytic solutions hence,
option (d) is incorrect choice.

Hence, correct choices are (a), (b).

26. Metals with E° value less than 0.96 V will be able to reduce NO3
-

in aqueous solution.Therefore, metals V (E° = - 1.19 V),

Fe (E° = – 0.04 V), Hg (E° = 0.86 V) will all reduce NO3
- but Au 

(E° = 1.40 V) cannot reduce NO3
- in aqueous solution.

27. (10) Equa tion of cell re ac tion ac cord ing to the cell no ta tion
given, is 

Given, Ecell
° =2.70 V, T =300 K

with [Mg M2+( )]aq =1   and [Cu2+ ( )]aq =1 M

and n=2

Further, Ecell =2 67.  V

with [Cu M2+( )aq ]=1

and [Mg M2+( )]aq x=

and 
F

R
= -11500 1KV

where F = Faraday constant, R = gas constant

From the formula,

   E E
RT

nF

aq

aq
cell cell

2

2+
ln

[Mg ( )]

[Cu ( )]
= -°

+

 

After putting the given values

2.67  2.70= -
RT

F

x

2 1
ln    

or 2.67  2.70= -
´

´
R

F
x

300

2
ln

- =
- ´

´0.03
R

F
x

300

2
ln   

or ln
.

x
F

R
=

´
´

0 03 2

300
   

    =
´ ´0 03 2 11500

300

.
 = 2.30

So, ln x =2.30      

or x =10  (as given ln ( )10 =2.30)

28. Given,

A s A aq B aq B sn n( )| ( , ) || ( , ) | ( )+ +2 12M M

So, reactions at respective electrode will be 

Anode A s A nen( )¾® + ´+ - 2

Cathode B ne B sn2 2+ -+ ¾® ( )

Overall reaction 

2 22A s B aq A aq B sn n( ) ( ) ( ) ( )+ ¾® ++ +

Further,

D ° = D °H G2  and Ecell = 0 is also given

Now by using the Nernst equation

  E E
RT

nF
cell = ° -cell ln 

[Product]

[Reactant]

After putting the values

   0
2

2

2
= ° -

+

+
E

RT

nF

A

B

n

ncell ln
[ ]

[ ]

or   E
RT

nF

RT

nF
° = =

2

2

1 2
4

2

ln
[ ]

[ ]
ln …(i)

Further from the formula,

    D ° = - °G nFE  Þ D ° = - °G nFE2

Now putting the value of E° from eq. (i)

D ° = - ´G nF
RT

nF
2

2
4ln   …(ii)

D ° = -G RT ln 4     

Finally, using the formula

D ° = D ° - D °G H T S      

D ° = D ° - D °G G T S2    (as D ° = D °H G2 , given)

D ° = D °G T S       

or D ° =
D °

=
-

S
G

T

RT

T

ln 4
  

(from eq. (ii), D ° = -G RT ln 4) 

    = - R ln 4 = - ´ ´8 3 2 0 7. .

(as all values given)

= -1162.  J/K-mol

29. Moles of NaCl electrolysed = ´4
500

1000
 = 2.0

Þ moles of Cl2 produced = 1.0

          2Cl Cl2
- -¾® + 2e  

30. At cathode Na + Na(Hg)+ Hg

Amalgam
e- ¾¾®

Two moles of Na formed during electrolysis would produce two
moles of Na(Hg) amalgam.

Þ  mass of amalgam = ´ + =2 23 200( ) 446 g

31. Two Faraday of electric charge would be required for
electrolysis of 2.0 moles of NaCl.

Þ   total coulombs = ´2 96500 = 193000 C

32. Since, activities of all the ions are unity, E Ecell cell= ° . Also, left

hand electrode is at lower reduction potential, it act as anode and

   E E E° = ° - °(Ce , Ce ) (Fe , Fe )4+ 3+ 3+ 2+  = 0.84

i.e. electrons will flow from left to right hand electrode and
current from right hand electrode [Pt (2)] to left hand electrode
[Pt(1)].

Also,   E E= ° - 0.0592 log
[Fe ][Ce ]

[Fe ][Ce ]

3+ 3+

2+ 4+

As electrolysis proceeds, E will decrease and therefore, current.

33. The number of Faraday’s passed =
´ ´ ´-2 10 6 60

96500

3 1

           = 1.99 ´ -10 5

Þ number of gram equivalent of Cu2+  deposited

         = 1.99 ´ -10 5
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Þ number of moles of Cu2+  deposited = ´ »- -1.99

2
10 105 5

Absorbance is directly proportional to [Cu ].2+  Therefore,

if ‘C’ be the initial molarity, 0.5 C will be the final molarity.

Þ 0.5 C ´ 0.25 = 10 5-  Þ C = ´ -8 10 5 M

34. The number of Faraday’s passed =
´ ´9.65 60 60

96500
 = 0.36 F   

After electrolysis : [Ag ] =+ 1.36 M

                   [Cu ]2+ = 1 – 
0.36

2
= 0.82 M

   E1 (before electrolysis) = °E

      E2 (after electrolysis) = ° -E
0.0592

2

[Ag ]

[Cu

+ 2

2+
log

]

Þ E E1 2- =
0.0592

2

(1.36)

0.82

2

log  = 0.01 V (decreased)

35. Coulombs passed = 8.46 ´ ´ ´8 60 60 = 243648 C

Number of Faraday’s passed = =
243648

96500
2.52

Weight of Cu plated = ´2.52
63.5

2
g = 80.01 g

Volume of Cu plated = =
80.01

10.5
7.62 cm3

Þ  Area plated out = =
7.62

0.00254
3000 cm2

36. Given, FeO (s)/Fe (s)     E° = – 0.87 V

and  Ni O /NiO (2 3 s)      E° = + 0.40 V

Electrode at lower reduction potential act as anode and that at
higher reduction potential act as cathode.

(i) Electrodes reaction :

   Fe( ) + 2OH FeO ( ) + H O2s s l- ¾® ( )

E° = + 0.87 V

Ni O ( ) + H O ( ) + 2 2NiO ( ) + 2OH2 3 2s l e s- -¾® E° = 0.40 V

Net :   Fe ( ) + Ni O ( ) 2NiO ( ) + FeO( )2 3s s s s¾®     

                    E° = 1.27 V

 (ii) Emf is independent of concentration of KOH.

(iii) Maximum amount of energy that can be obtained = °DG

Þ DG nE F° = - °  = – 2 ´ 1.27  ́96500 J = – 245.11 kJ

i.e. 245.11 kJ is the maximum amount of obtainable energy.

37. (i) E = 0.78 – 0.0592 log 
1

82
 = 0.887 V

(ii) E = 0.78 – 0.0592 log 
1

10 7 2( )-
 = – 0.0488 V

38. Molar mass of Cr = 52 g

Equivalent mass of Cr =
52

6
 g

(i) Mass of Cr deposited on passing 24000 Coulombs

                          = ´
24000

96500

52

6
g = 2.15 g

(ii) Number of gram equivalent of Cr = ´ =
1.5

52
6

9

52

Þ  Coulombs required for 1.5 g Cr = ´ =
9

52
96500 It

Þ       t =
´

´

9 96500

52 12.5
 s  = 22.27 min    

39. At anode            2Cl Cl2
- -¾® + 2e

At cathode 2H O + 2 H + 2OH2 2e- -¾®

  1 kg Cl
35.5

2 =
1000

 equivalent of Cl2 = 28.17 equivalent

Þ   Theoretical electricity requirement = 28.17 F

Q Efficiency is only 62%

\ Electricity requirement (experimental) 

   =
´28.17 100

62
F = 45.44 F

Þ    45.44 ´ 96500 = 25 t (in second)

Þ              t = 48.72 h

Also, gram equivalent of HO- produced = 28.17

Þ Molarity of HO
28.17

20
 1.4085 M- = =

40. [Ag ]+  in left hand electrode chamber =
´ -2.8 10

0.2

10

           = 1.4 ´ -10 9 M

[Ag ]+  in right hand electrode chamber =
´ -3.3 10

0.001

13

                    = ´ -3 3 10 10.  M

             emf = 0 – 0.0592 log 
[Ag ]

[Ag

+
anode

+
cathode]

                   = – 0.0592 log 
1.4 10

3.3 10

´

´

-

-

9

10
 = – 0.037 V

Therefore, the cell as written is non-spontaneous and its reverse
will be spontaneous with emf = 0.037 V.

41. Faraday’s passed =
´

=
1.7 230

96500
4.052 ´ -10 3 F

Faradays used for reduction of Zn2+ = 4.052 ´ ´-10 3 0.9

                 = 3.65 ´ -10 3

Þ Meq. of Zn2+  reduced = 3.65

  Initial meq. of Zn 0.16 2 962+ = ´ ´ =300

Þ Meq. of Zn2+  remaining = - =96 3.65 92.35

Þ Molarity of Zn
92.35

2
0.154 M2+ = ´ =

1

300
 

42.

Change in oxidation number at nitrogen = - - =4 2 6( )

Equivalent weight of nitrobenzene =
123

6
 g

Electrochemistry 159

NO2 NH2



160 Electrochemistry

Þ gram equivalent of nitrobenzene =
´12.3 6

123
 = 0.60

Þ Theoretical requirement = 0.60  ́96500 C = 57900 C

Þ Actual requirement of electricity = ´2 57900 = 115800 C

Q                V C J´ =

Þ Energy consumed = ´115800 3 J = 347.40 kJ 

43. If the salt is CuSO4

During deposition of Cu at cathode, O2 ( )g  will evolve at anode

gram-equivalent of Cu deposited =
´

=
0.4 2

63.5
0.0126

Volume of O2 liberated at NTP at anode

= 0.0126  ́ 5600 mL = 70.56 mL     

In the next 7 min, H2 at cathode and O2 at anode would be
produced.

Faraday’s passed =
´ ´

= ´ -1.2 7 60

96500
5.22 10 3

Þ Volume of H2 (at NTP) = ´ ´-5.22 10 3 11200 mL

       = 58.46 mL

Volume of O2 (at NTP) = 5.22 ´ -10 3 ´ 5600 mL = 29.23 mL

Therefore, O2 (g) at NTP = 70.56 + 29.23 = 99.79 mL

     H2 ( )g  at NTP = 58.46 mL

44. Total number of gram equivalent of H2 used = =
67.2

11.2
6

Þ   6 96500 15 60´ = ´ ´ I   Þ  I = 643.33A  

     Mass of Cu deposited = ´6
63.5

2
 g = 190.50 g

45. Q Emf = 0.118 V > 0, it is galvanic cell and anode is negative
electrode :

At anode :              H H2
+( ) ( )g e¾® +- -2 10 26 M

At cathode : 2H ( ) + 2 H+ x e- ¾® 2

Cell reaction :           H ( ) H+ +x ¾® -( )10 6 M

Emf = 0.118 V = 0 – 0.0592 log 
10 6-

x
 Þ x = 10 4- M

46. 100 W lamp will produce 100 Js- 1.

Þ          100 J = 110 ´C  Þ C =
10

11
 Coulombs

Therefore, total Coulomb passed in 10 h

              = ´ ´ ´
10

11
10 60 60  = 32727.27 C

Number of gram equivalent of Cd2+  deposited 

 =
32727.27

96500
 = 0.34

Weight of Cd deposited = 0.34 ´
112.4

2
 g = 19.1 g

47. For 1.0 L H SO2 4 :

Initial mass of H SO2 4 = 1294 ´ =
39

100
504.66 g

Final mass of  H SO2 4 = 1139 ´ =
20

100
227.80 g

Þ H SO2 4 consumed/litre = 504.66 – 227.80 = 276.86 g

Þ Total H SO2 4 used up = 276.86  ́3.5 = 969.01 g

            =
969.01

98
 mol  = 9.888 mol

Q 1 mole of H SO2 4 is associated with transfer of 1.0 mole of

electrons, total of 9.888 moles of electron transfer has occurred.

Coulomb produced = 9.888  ́96500

    Ampere-hour =
´

=
9 888. 96500

3600
265 Ah

48. Volume of Ag coating = ´80 cm
0.005

10
m2 c  = 0.04 cm3

Þ mass of Ag coating = 0.04  ́10.5 g = 0.42 g

Þ gram equivalent of Ag = =
0.42

108
number of Faraday’s

Þ            
0.42

108
´ 96500 C = 3 ´ t Þ t = 125 s

49. Moles of Au deposited = =
9.85

197
0.05

Þ gram equivalent of Au deposited = 0.05 ´ 3 = 0.15

Now, according to Faraday’s law of electrolysis, if same
quantity of electricity is passed through different cells
connected in series, same number of gram equivalents of
electrolytes are discharged at respective electrodes.

Þ gram equivalent of Cu deposited = 0.15

Þ amount of Cu deposited = 0.15 ´ =
63.5

2
4.7625 g

Also, Coulombs passed = 0.15 ´ 96500 = ´ ´ ´I 5 60 60

Þ       I =
´

´
=

0.15 96500

5 3600
0.80 A

50. During electrolysis, Ni2+  will be reduced at cathode and H O2

will be oxidised at anode.

Number of Faraday’s passed =
´ ´ ´3.7 6 60 60

96500
 = 0.828

Þ 0.828 g equivalent of Ni2+  will be deposited at cathode.

Initial moles of Ni2+  ion = ´2 0.5 = 1.0

Moles of Ni2+  ion remaining after electrolysis = 1.0 – 
0.828

2

                = 0.586

Þ Molarity of Ni2+  in final solution = =
0.586

0.50
1.172 M

Topic 2 Conductivity of Electrolytic
        Solutions and their Measurement
        and Nernst Equation

1. Electrical conductivity of the given aqueous solutions depends
on the degree of ionisation. Degree of ionisation is directly
proportional to the acidic strength. Electron withdrawing groups 
(EWGs) increases the stability of the carboxylate ion by
dispersing the negative charge through resonance effect on the
conjugate while electron donating groups (EDGs) decreases the
stability of the carboxylate ion by intensifying the negative
charge.



The correct order of acidic strength and electrical conductivity
is as follows:

HCOOH PhCOOH CH COOH3
A C B

> >

2. NaCl and KCl are strong electrolytes. So, the study of their
molar conductances ( )lm  can be experimentally verified by
Debye-Huckel Onsagar equation,

L Lm m
c B C= -0

Lm
c = molar conductance at concentration. 

Lm
0 = molar conductance at infinite dilution. i.e. C ® 0

B = Debye-Huckel Onsagar constant. 

For (both NaCl and KCl) a strong binary electrolyte like AB, the

nature of the plot of Lm vs C  will be

Size of NaÅ  is being smaller than KÅ  and NaÅ  will remain in
more hydrated state, i.e. larger sized in aqueous solution. As a

result, ionic mobility as well as ionic conductance of NaÅ  

(or NaCl as ClÈ is common to NaCl and KCl) will be lower than 

KÅ  (or KCl). Thus, the plot of Lm vs C  for NaCl and KCl is as

follows :

3. The explanation of statements (S1 and S2) are as follows :

In conductivity cell, conductivity ( )k  is equal to the sum of ionic
conductances (c), of an electrolytic solution present is unit
volume of the solution enclosed by two electrodes of unit area 
( )a ¹ 1  separated by a unit length ( )l = 1 .

  k = ´c
l

a
 Þ k = c when l = 1, a = 1

So, with decrease in the concentration of electrolyte, number of
ions in the given unit volume also decreases, i.e. k
[conductivity] also decreases.

Thus, statement S1 is wrong. S2 : Molar conductivity ( )lm  is
defined as the conducting power of all the ions present in a
solution containing 1 mole of an electrolyte.

l k km V
M

= ´ = ´mL

1000

where, VmL = volume in mL containing 1 mole of electrolyte

    m = molar concentration (mol/L)

So, in a conductivity cell

lm
M

µ
1

i.e. molar conductivity increases with decrease in the
concentration (M) of electrolyte. 

Thus, statement S2 is correct.

4. Key Idea Gibbs energy of the reaction is related to E°cell  by 

the following formula

    DGº nFE= - °cell

    DG º= Gibbs energy of cell

     nF = amount of charge passed

     E = EMF of a cell

Given reaction is, 

Zn Cu Zn Cu+ ¾® ++ +2 2

Eºcell  = 2 0.  V 

   F = 96000 C

   n = 2

To find the value of DG º (kJ mol), we use the formula

DG nFEº º= - cell

       DG º= - ´ ´2 96000 2 = -384000 J/mol   

In terms of kJ/mol, DG º=
-384000

1000
 = -384 kJ/mol

5. According to Kohlrausch’s law, the molar conductivity of HA at 
infinite dilution is given as,

L L Lm m mH ) ) )° ° + ° -= +( [ ( ( ]A H Cl  + +° + ° -[ ( ( ]L Lm m ANa ) )

 - +° + ° -[ ( ( ]L Lm m) )Na Cl

    = + -425 9 100 5 126 4. . .  = 400 S cm2 mol- 1

Also, molar conductivity at given concentration is given as,

Lm =
´1000 k

M

Given, k = conductivity Þ 5 10 5´ -  S cm- 1  

 M =  Molarity  Þ  0.001 M    

\      Lm =
´ ´ - -

-

1000 5 10

10

5 1

3

S cm

M
 = 50 S cm2 mol- 1

Therefore, degree of dissociation (a), of HA is,

  a = =
°

-

-

L

L
m

m

 

 

50

400

2 1

2 1

S cm mol

S cm mol
 = 0.125

6. Ac cord ing to Nernst equation,

   E E
RT

nF
Qcell cell

2.303 
= ° - log

Given,  
2.303 

0.059
RT

F
=  V

\  E E
n

Qcell cell

0.059
= ° - log

At equilibrium, Ecell = 0

E
n

KC° =cell

0.059
log    

For the given reaction, n = 2

Also,  KC = ´10 1015 [given]

\   E° = ´cell

0.059

2
10 1015log ( ) = 0.472 V » 0.473V
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Lm

ÖC

KCl
NaCl

Lm

ÖC

EWG C

O

O

EDG C

O

O

s s

Acidity of carboxylic
acids increases due 

to the presence of electron 
withdrawing groups (EWGs)

Acidity of carboxylic
acids decreases due

to the presence of 
electron donating groups



8. It is an elec tro chem i cal cell. The over all cell re ac tion can be
writ ten, as

H 2AgCl 2HCl Ag(s)2( ) ( ) ( )g s aq+ ¾® + 2

  (1 bar)                           (10 6-  M)

(i) According to Nernst equa tion,

E E E
RT

n F
cell cathode anode= - -

´

´

° °( )
.2 303

 log
[ ] [ ]

[ ]

HCl Ag

AgClH

2 2

2

2
p

Here, (i) E E Ec AgCl/ Ag, Cl cathode
° ° °= =-

(ii)E Eanode 2H H

° °= =+ /
.

2
0 00 V 

        (Standard hydrogen electrode)

Þ  0 92 0 0 06
10 1

1 1

6 2 2

2
. ( ) . log

( )
= - - ´

´

´

°
-

Ec

           = + ´ ´°Ec 0 06 6 2.   

Þ         Ec
° = - =0 92 0 72 0 20. . .  V

Note 10 6-  molal HCl is a very dilute solution.
   So, 10 6-  m ~- -10 6 M

9. The re la tion ship be tween stan dard elec trode po ten tial ( )E°  and

equi lib rium con stant ( )K  of the cell re ac tion,

Zn( )+ Cu ( ) Zn ( )+ Cu( )2+ 2+s aq aq sc

can be expressed as,

           E
RT

nF
K° = ln  Þ K enFE RT= °/

Given, n F= =2 96000,  C mol-1

          E° = 2 V, R = 8 JK mol- -1 1

            T = 300 K

\          K e=

´ ´

´

2 96000 2

8 300  = e160

10. The redox reaction is : Zn( ) + Cu Zn  + Cu2+ 2+s ¾®

The Nernst equation is E E
RT

F
= ° -

2 303

2
10

.
log

           = -11
2 303

2
.

. RT

F

Also, DG nEF F
RT

F
= - = - -

æ

è
ç

ö

ø
÷2 11

2 303

2
.

.

    = - +2 2 2 303. .F RT

    = -2 303 2 2. .RT F

11. Zinc metal is the most stable metal to cover iron surfaces. The
process of coating the iron surface by zinc is called
galvanisation.

12. Stan dard elec trode po ten tial of re ac tion [ ]E°  can be cal cu lated

as

Ecell
o  = -E   ER P

where, E  R = SRP of reactant , E  =P  SRP of product

If Ecell
o  = +ve, then reaction is spontaneous otherwise

non-spontaneous.

  Mn  Mn3 1.51 V 2= +
°

+¾ ®¾ ¾ ¾¾
E

1
 

 

  Mn  Mn2
V =  1.18 +

° -

¾ ®¾ ¾ ¾¾
E

2

\ For Mn2+  disproportionation,   

       E° = - - 1. 51 V  1.18  V = - <2 69 0. V

Thus, all reaction will not occur.

13. Ac cord ing to Debye Huckel Onsager equa tion,

         l lC  B C= -¥

where, lC =  limiting equivalent conductivity at concentration C
      l¥ = limiting equivalent conductivity at infinite dilution

    C = concentration

14. In or der to solve the prob lem, cal cu late the value of cell con stant 
of the first so lu tion and then use this value of cell con stant to
cal cu late the value of k of sec ond so lu tion. Af ter wards, fi nally
cal cu late mo lar con duc tiv ity us ing value of k and m.

For first solution,

k = 1.4 Sm-1,  R = 50 W ,  M = 0.2

Specific conductance ( )k = ´
1

R

l

A

          1.4 Sm- = ´1 1

50

l

A

Þ                             
l

A
= ´ -50 1.4 m 1
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7. Cell

Anode (A)  Cathode (C)

E E EC A° = ° - °cell (SRP) E°cell  free e transfer

1 2 2. [Zn+ Ag Zn Ag]+ 2+
Zn Ag

® + 0 80 0 76. ( . )- -  = + 156.  V for 2e- + = +
156

2
0 78

.
.  V

 2 2. [Zn Fe Zn Fe]2++ ® ++
Zn Fe

- - -0 44 0 76. ( . ) = + 0 32.  V for 2e- + = +
0 32

2
016

.
.  V

3 3 2 3 23 2. [ Zn Au Zn Au]+ ® ++ +
Zn Au

1.40 - -( . )0 76  = + 2 4.  V for 6e- + = +
216

6
0 36

.
.  V

4 3 2 23 2. [ ]Zn Zn+ ® ++ +
Zn

Fe
Fe

Fe2+ 0 77 0 76. ( . )- -  = + 153.  V for 2e- + = +
153

2
0 765

.
.  V



For second solution,    R = 280, 
l

A
= ´ -50 1 4.  m 1

              k = ´ ´ =
1

280
1 4 50

1

4
.

Now, molar conductivity 

    l
k

 m =
´1000 m

 =
´

1 4

1000 0 5

/

.
 =

1

2000
  

= ´ - - 5  10  S m  mol4 2 1  

15. PLAN When dif fer ent num ber of elec trons are in volved in a re dox
re ac tion

               D D DG G Gnet° = ° + °1 2 

           - ° = - ° - °n FE n FE n FE3 3 1 1 2 2

\            E
n E n E

n
° =

° + °
3

1 1 2 2

3

 

(P)  E3
3° +Fe Fe/

   Net re ac tion  Fe Fe3+ ¾®

   is obtained from    n           E°  

      Fe Fe3 2+ - ++ ¾®e n1 1=    E d
1
° = 0.77 V

      Fe2 2+ -+ e  ¾® Fe               n2 2=            E2° = - 0.44 V

      Q   Fe Fe 3 3+ -+ ¾®e         n3 3=      E3
° = ?

   E
n E n E

n
° =

° + °
3

1 1 2 2

3

  =
+ -

 
0.77  2( 0.44)

3
 =

-
= -

0.11

3
  0.04 V

  Thus, P — (3)

  Net re ac tion

4 4 42H O H OHr + -+

  is obtained from                                   n                E° 

   2 2H O ¾® O H2 4 4+ ++ -e             n1 4=         -1.23 V

 2 42 2H O O+ + -e  ¾® 4OH-            n2 4=       + 0.40 V

 4H O 4H2 4¾® ++ -e                    n3 4=             ?

    E
n E n E

n
° =

° + °
3

1 1 2 2

3

 = ° + °E E1 2 

   = - + = -1.23  0.40  0.83 V 
 Thus, Q — (4)

(R)  Cu   Cu  2Cu2+ ++ ¾®

  For thus E° of Cu   Cu2+ +¾®  

  is also required.           n               E° 

          Cu  Cu2+ -+ ¾®2e                       2         0.34 V

                       Cu  Cu¾® ++ -e             1         - 0.52 V

            Cu Cu2+ - ++ ¾®e                   E°3           ?

      E
n E n E

n
3

1 1 2 2

3

° =
° + °

 =
´ + ´ -2  0.34  1  ( 0.52)

1
 = 0.16 V

  Also,  n E°

                   Cu  Cu¾® ++ -e                 n1 1= ,     - 0.52 V

      Cu  Cu2+ - ++ ¾®e                       n2 1=       0.10 V

    Cu   Cu  2Cu2+ ++ ¾®   

E° = - 0.52 + 0.16 = - 0.36 V

  Thus, (R) — (1)

(S) Cr   Cr3 2+ +¾®

  is obtained from   n E°

            Cr Cr3+ -+ ¾®3e                       3       - 0.74 V

                          Cr  Cr¾® ++ -2 2e         2        + 0.91 V

             Cr Cr3 2+ - ++ ¾®e                  1              ?

E3° =
- ´ + ´ 0.74  3  2  0.91

1
 = - 0.4 V

  Thus, S = ( )2
  P — (3), Q — (4), R — (1), S — (2)

16. The variation is conductivities in general can be seen as :

In burette
acid

In flask base Curve

I. Strong
(HI)

Strong
(NaOH)

Conductance first
decreases due to
formation of H O2  and then 
increases due to addition
of strong electrolyte.

II. Strong
(CH3COOH)

Weak
(KOH)

Conductance increases

slightly as NH4
+  (salt) is

hydrolysed forming HCl.
After neutral point, it acid
increases rapidly due to
addition of strong

III. Weak
(CH3COOH)

Strong
(KOH)

Conductivity decreases
due to neutralisation of
conducting strong base
and then remains constant
due to addition of weak
acid.

Electrochemistry 163

Volume of acid added

C
o

n
d

u
ct

a
n

ce

Volume of acid added

C
o

n
d

u
ct

a
n

ce

Weak acid added
to strong base

C
o

n
d

u
ct

a
n

ce



In burette
acid

In flask base Curve

IV. Weak
[(C2H5)3N]

Weak
(CH3COOH)

Conductivity increases
due to formation of ions
and then remains constant
due to addition of weak
base.

V. KX AgNO3 Insoluble salt AgX is
formed, hence
conductance remains
constant. It increases due
to addition of KX.

17. The half re ac tions are    Fe( ) Fe + 2 22+s aq e¾® ´( ) –

    O + 4H + 4 2H O2
+

2( ) –g e ¾®  

      2Fe + O + 4H 2Fe + 2H O( )2
+ 2+

2( ) ( ) ( )s g aq l¾® ;

      E E= º–
0.059

4
log

(10 )

(10 ) (0.1)
V

–3 2

–3 4
= 1 57.

18. As AgNO3 is added to so lu tion, KCl will be dis placed ac cord ing
to fol low ing re ac tion.

  AgNO ( ) + KCl( )3 aq aq ¾ ®¾  AgCl( ) + KNO ( )3s aq  

For every mole of KCl displaced from solution, one mole of
KNO3 comes in solution resulting in almost constant
conductivity. As the end point is reached, added AgNO3 remain
in solution increasing ionic concentration, hence conductivity
increases.

19. The net reaction is

2H +
1

2
O + Fe H O + Fe+

2 2
2+¾® ; E° = 1.67 V

DG nE F° = - °  = -
´ ´2 1.67 96500

1000
kJ = – 322.31 kJ  

20. The cell reaction is :
       Zn + Fe Zn Fe2+ 2+r +  ;   Ecell = 0.2905 V

Þ           E E= ° -
0.059

2

[Zn ]

[Fe ]

2+

2+
log

Þ          E° = =0.2905 +
0.059

2

0.1

0.01
0.32 Vlog

Also     E
n

K° =
0.059

log

Þ   log K
E

=
°

=
2

0.059

0.32

0.0295

Þ      K = ( )10 0.32/ 0.0295

21. In LiCl, NaCl and KCl, anions are same.

Cations have same charge but different size. Smaller cations are
more heavily hydrated in aqueous solution giving larger
hydrated radius and thus smaller ionic speeds and equivalent
conductance.

Þ  Equivalent conductance : KCl > NaCl > LiCl

22. The spontaneous cell reaction is

     X M M X- ++ ¾® + ; E° = 0.11V

23. E° is an intensive property :
   E°  DG nE F° = - °

(i) Cu Cu2+ + ¾®-2e         0.337 V      – 0.674 F

(ii)  Cu Cu2+ ++ ¾®-e     0.153 V   – 0.153 F

Subtracting (ii) from (i) gives :

  Cu Cu+ + ¾®-e     DG nE° = - - °0.521 F = F

Þ E° = 0.521 V 
Q          n = 1

24. Given 

(i) 2Cu(s)+
1

2
O Cu O( );2 2( )g s¾® DGº= 78000 J mol- -1

=- -78 1 kJ mol        

(ii) H O H O( );2 2 2( ) ( )g g g+ ¾®
1

2
 DGº= 178000 J mol- -1

= - -178 1kJ mol   

So, net reaction is (By (i)-(ii))

2Cu( )+H O( ) Cu O( )+H ( );2 2 2s g s g¾®

DG =100000 J/mol or 105 J/mol = 100 1kJ mol-     

Now , for the above reaction 

D DG G RT
p

p
=

é

ë
ê
ê

ù

û
ú
ú

º+ ln 
H

H O

2

2

and to prevent above reaction,

DG ³ 0

So, 

DG RT
p

p
º  +

é

ë
ê
ê

ù

û
ú
ú

³ln 
H

H O

2

2

0

After putting the values, 

10 8 1250 05 + ´
é

ë
ê
ê

ù

û
ú
ú

³ln
p

p

H

H O

2

2

or 10 10 05 4+
é

ë
ê
ê

ù

û
ú
ú

³ln
p

p

H

H O

2

2

or 10 (ln ln ) 104
H H O

5
2 2

p p- ³ -

or ln 10 ln H H O2 2
p p³ - +

or  ln 10 2.3 log (0.01) (as 1%)H H O2 2
p p³ - + =  

       ³ - -10 4.6

so ln 14.6H2
p ³ -

25. For the given concentration cell, the cell reaction are 

M M¾® +2  at left hand electrode.

       M 2+ ¾® M  at right hand electrode

Þ  M 2+  (RHS electrode) ¾® M 2+  (LHS electrode)

E° = 0

Applying Nernst equation 

E
M

cell 0.059
0.05 at LHS electrode

0.001
= = -

+

0
9

2

2

log
[ ]

Þ log
[ ]M 2

2
+

= -
at LHS electrode

0.001

Þ   [ ]M 2+  at LHS electrode  = ´ =- -10 102 50.001  M
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The solubility equilibrium for MX 2 is

    MX s M aq X aq2
2 2( ) ( ) ( )r + -+

Solubility product, K M Xsp = + -][ ][ ]2 2

                                = ´ ´ = ´- - -10 2 10 4 105 5 2 15( )

[Q In saturated solution of MX X M2
22, [ ] [ ]]- +=

26. DG nEF= -  = -
´ ´2 59 96500

1000

0.0
kJ = - 11.4 kJ

27. M s M aq M aq M s( ) ( , ) ( , ) ( )+ ¾® ++ +1 M 0.05 M

E
RT

F
cell

2.303 0.05
= - >0

1
0log

Hence, | 0.70cell cellE E| = =  V and D <G 0 for spontaneity of
reaction.

28. E Ecell

0.0538
0.0025 0.139 V= ° - =

1
log  » 140 mV

29. For spontaneous redox reaction : Ecell
° > 0

For 2I + Cl 2Cl + I2 2
- -¾®

E° = 1.36 – 0.54 = 0.82 V > 0

i.e. Cl2 will spontaneously oxidise I-.

In other cases Ecell
° < 0, they are non-spontaneous.

30. For the reaction :

(i) 4Fe + 2H O 4Fe + 4H + O ;3+
2

2+ +
2¾®  E° = - 0.46 V

(ii) 4Mn + 2H O 4Mn + 4H + O3+
2

2+ +
2® ;E° = + 0.27 V

As evidenced above, reaction (i) is non-spontaneous, therefore, 
Fe3+  is stable in acid solution. However, reaction (ii) is
spontaneous Mn3+  oxidises H O2  to O2 and itself reduced to 
Mn2+  in acidic medium.

31. Sodium fusion extract from aniline produces NaCN which
reacts with Fe2+  to form [Fe(CN) ]6

4-. The complex ion then
reacts with Fe3+  to give blue precipitate of prussian blue.

Fe + [Fe(CN) ] Fe [Fe(CN) ]3+
6

4
4 6 3

Prussian blue

- r

32. E° for 2Ag + C H O + H O 2Ag( )+
6 12 6 2 r s

+ C H O6 12 7  + 2H+  is 0.75 V

Also E K° =
0.0592

2
log  Þ log K

E
=

°
=

2

0.0592
25.33

Þ    ln K K= =2.303 log 58.35

33. On increasing concentration of NH3, the concentration of H+  ion 

decreases, therefore,

   E Ered red

0.0592

2
= ° - +log [ ]H 2 = - ´ -0 2 10 110.0592

2
log  

     = 0.65 V
i.e. Ered increases by 0.65 V.

34. NH3 has no effect on the E° of glucose/gluconic acid electrode.

35. The solubility of AgBr in 10 7-  M AgNO3 solution is determined as

  AgBr Ag
+ 10

+ Br+r
S S-

-

7

AgNO Ag
+ 10

+ NO
10

3
+

3¾®
- -

-

S 7 7

            K S Ssp = ´ = +- -14 10 1014 7( )  

Solving for S gives : S = ´ -3 10 7 M

Þ     [Br ] M- -= ´3 10 7 ,

   [Ag ] = 4 10 M,+ 7´ -

        [NO ] 10 M3
- -= 7

Þ  k (sp. conductance) = + +- + -k k k
Br Ag NO3

    = ´ ´ ´ + ´ ´ ´- - - -[8 10 3 10 6 10 4 103 7 3 7

+ ´ ´- -7 10 10 10003 7 ]

    = ´ + ´ + ´- - -24 10 24 10 7 107 7 7

    = ´ - -55 10 7 1S m  

       = 55 (in terms of 10 7-  S m-1)

36. (a) D SD SDG G Gf f° = ° - °(products) (reactants)

      = – 109 – (– 129 + 77) kJ  = – 57 kJ

Cell : Ag | AgCl, Cl || Ag | Ag+-

For K sp; reaction is AgCl ( ) Ag + Cl+s r -

              DG° = + 57 kJ

Þ      DG RT K° = - ln sp   

Þ           log K
G

RT
sp

2.3
= -

°D
 = -

´

´ ´
= -

57 1000

2.3 8.314 298
10

Now, E° of Ag + Cl AgCl+ - r

 E
G

nF
° = -

°
= =

D 57000

96500
0.59 V

(b) The cell reaction is :

Zn + 2Ag Zn + 2Ag+ 2+r ; E ° = 1.56 V

Þ          0 = ° -E
0.059

2

[Zn ]

[Ag ]

2+

+ 2
log  

Þ    log
[Zn ]

[Ag ] 0.059

2+

+ 2
=

°2E
=

´2 1.56

0.059
 = 52.88

   Moles of Zn added =
´

=
-

-6.539 10

65.39

2
310

Þ Moles of Ag formed = ´ -2 10 3.

37. Given,

   In + In2+ +e- ¾®  E° = – 0.40       …(i)

Þ DG° = 0.40 F

    In + In3+ +2e- ¾®   E° = – 0.42     …(ii)

Þ DG° = 0.84 F

Subtracting (i) from (ii)

  In + In3+ 2+e ¾® ;   DG° = 0.44 F = – E F°

Þ            E° = - 0.44 V

Now, for : Cu + In Cu + In2+ 2+ + 3+¾®

       E E E° = ° - °( ) ( )Cu / Cu In / In2+ + 3+ 2+

         = 0.15 – (– 0.44) = 0.59 V

Also    E° = 0.0590 log K  

Þ           log K
E

=
°

=
0.059

10 Þ K = 1010  
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38. (a) pH = – log [H ]+

In pure water, [H ]+  depends on value of Kw which is

  Kw = [H ]+  [OH ]-

Q Kw is a function of temperature, [H ]+  will change

with temperature.
(b) Let the emf of first cell be X volt.

Þ emf of 2nd cell = +(X 0.03) volt

[Cu ]2+  in 2nd cell = 0.50 M

[Cu ]2+  in 1st cell = ?

         E E
RT

F
1 1

2
= ° -

2.303 [Zn ]

[Cu ]

2+

2+
log

           E E
RT

F
2 1

2
= ° -

2.303 [Zn ]

[Cu ]

2+

2+
2

log

Þ                  E E
RT

F
2 1

2
- =

é

ë
ê

ù

û
ú

2.303 [Cu ]

[Cu ]

2+
2

2+
1

log    

Þ    0.03 = 0.03 log 
0.50

[Cu ]2+
1

     

Þ                 
0.50

[Cu ]2+
1

= 10  Þ [Cu ]2+
1 = 0.05 M

39. At anode       
1

2
H H2

+¾® + -e ; E° = 0

At cathode  AgCl ( ) + Ag + Cls e- -¾® ; E° = ?

(i) Cell reaction : 
1

2
H AgCl ( ) Ag + H + Cl2

++ ¾® -s

(ii) D D DG nE F H T S° = - ° = ° - °

At 15°C :  – 0.23 ´ 96500 =  D DH S° - °288       …(i)

At 35°C : – 0.21  ́96500  = ° - °D DH S308       …(ii)

Þ      96500 20(0.23 0.21)- = - °DS

Þ  DS ° = -
´96500 0.02

20
 = -  96.5 J

Substituting value of DS ° in (i)

DH ° = ´ - - ´288 ( 96.5) 0.23 96500 = – 49.987 kJ  

(iii) At 25°C

- ° ´ = - - -E 96500 49987 298 ( 96.5) 

Þ      E° = 0.22 V   

Þ       AgCl ( ) + Ag + Cls e- -¾® ; E° = 0.22 V

         Ag Ag ++¾® -e ; E° = – 0.80 V

Adding :     AgCl ( ) Ag + Cl+s ¾® -;    E° = – 0.58 V

Þ        E° = 0.0592 log K sp

Þ                 log K sp

0.58

0.0592
9.79=

-
= -

Þ                       K sp
101.6  10= ´ -  

40. E = -0
0.0592

1

[Ag ]

[Ag ]

+
anode

+
cathode

log

Þ        0.164 0.0592
[Ag ]

0.10

+
anode= - log

Þ   [Ag ] 1.7 10+
anode = ´ - 4 M       

In saturated Ag CrO2 4 solution present in anode chamber :

Ag CrO ( ) 2Ag

1.7 10

+ CrO
1.7

2
10 M

2 4 4
2s r + -

´ ´
-

-
4

4M

 K sp
+ 2

4
2[Ag ] [CrO ]= -

= ´ ´
æ

è
ç

ö

ø
÷

- -(1.7 10
1.7

2
4 2 410)

= ´ -2.45  10  12

41. For  2 3Fe 3 2Fe3+ 2++ +- -I Ir

      E E E° = ° - ° - -(Fe / Fe ) (I / I )3+ 2+
3

= 0.77 – 0.54 = 0.23 V

Q        E K° =
0.0592

2
log ( )n = 2

    log
.

K
E

=
°

=
´2 2 0 23

0.0592 0.0592
 = 7.77

Þ        K = ´5.89  107  

42.   Fe + Ce Fe + Ce2+ 4+ 3+ 3+r

      E° = E° (Ce / Ce )4+ 3+  – E° (Fe / Fe )3+ 2+

         = 1.44 – 0.68 = 0.76 V

Q      E° = 0.0592 log K

Þ    log K
E

=
°

0.0592
 = =

0.76

0.0592
12.83

Þ             K = ´6.88  1012      

43. pH = 14 

Þ    pOH = 0  

Þ       [OH ] = 1.0 M-    

         K sp
2+ 2[Cu ][OH ]= =- -10 19  

Þ         [Cu
10

[OH ]

2+
2

] = =
-

-
-

19
1910

For reaction : Cu + 2 Cu2+ e- ¾® ;  E° = 0.34 V

         E E= ° -
0.0592

2

1

[Cu ]2+
log

  = 0.34 – 
0.0592

2
log 1019 = – 0.222 V 

44. For reaction,
2Hg + 2Fe Hg + 2Fe3+

2
2+ 2+r

Initial :     10 3-  M        0     0

Equilibrium :     5 10 5´ -   4.75 10´ - 4 9.5 ´ -10 4

       K =
[Fe ] [Hg ]

[Fe ]

2+ 2
2
2+

3+ 2

   =
´ ´

´

- -

-

(9.5 10 ) 4.75 1024 4

5 25 10

( )

( )
 = 0.17

Q  E K° =
0.0592

2
log  = - 0.0226 V

       = ° - °+ + +E E(Fe / Fe ) (Hg / Hg)3 2
2
2

Þ  E° =(Hg / Hg) = 0.77 + 0.0226 .7926 V2
2+ 0
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45. In a saturated AgI solution; 

    [Ag ] 8.7 10+ = ´ - 17 M 

        = ´ - 9.32  10   9 M

Þ           E E
Ag / Ag ++ 0.0592 log

1

[Ag ]
= ° -

       = 0.799 – 0.0592 log 
1

9.32 10´ - 9

       = 0.324 V  

Also, for      AgI Ag + I+r -;      E° = 0.0592 log K sp

                       = – 0.95 V

           Ag Ag+¾® + -e ;  E° = – 0.799 V

       AgI + Ag + Ie- -¾®     E° = x

  Adding :     AgI Ag + I+¾® -;  E° = – 0.95 V

                  = x – 0.799
Þ         x = - 0.151 V

46. The redox reaction is
Zn + Ni Zn + Ni2+ 2+r E° = + 0.51 V

Þ      E K° =
0.0592

2
log

Þ log K =
´

=
0.51 2

0.0592
17.23

Þ       K = ´1.7 1017 

Such a high value of equilibrium constant indicates that the
reaction is almost complete. Therefore, concentration of 

Zn 2+  in solution will be equal to initial concentration of Ni2+

ion, i.e. 1.0 M.

47. The galvanic cell is : Cu | Cu || Ag | Ag2+ +

Cell reaction : Cu + 2Ag Cu + 2Ag+ 2+r ; E° = 0.462 V

           E = = -0
2

0.462
0.0592

2

(0.01)

[Ag+
log

]

Þ        [Ag ] =+ 1.57 ´ -10 9 M

48.   H O +
1

2
H + HO2 2e- -r ; E° = – 0.8277 V

  
1

2
H + H O H O +2 2 3

+r e-;    E° = 0 V

 2H O H O + HO2 3
+r -     E° = – 0.8277 V

         E° = 0.0592 log K

Þ      log K =
-

= -
0.8277

0.0592
13.98

Þ   K = 1.04 ´ -10 14. 

49. At anode           Zn Zn 2+¾® + -2e  E° = 0.76 V

At cathode 2H H+
2+ ¾®-2e g( )             E° = 0.00 V

Þ For          Zn + 2H Zn + H+ 2+
2¾® ( )g  E° = 0.76 V

          E E= ° -
0.0592

2

[Zn ]

[H ]

2+

+ 2
log

Þ 
2

2
1( )

log log
E E- °

= - -
0.0592

[Zn ]
[H ]

2+
+

Þ    - 16.2 = – log (0.1) – 2 pH

Þ      pH =
+

=
1 16.2

2
8.6

50. For conductivity, the charge carriers are required. In
anhydrous state, HCl is not ionised and no charge carrier

ions are available, hence bad conductor. However, in

aqueous solution, HCl is fully ionised producing H+  and Cl-

and conducts electricity.

51. (i) The cell reaction is

   Zn Cu Zn + Cu2+ 2++ ¾®

(ii) E E Ecell cathode anode
° = ° - °  = 0.350 – (– 0.763) = 1.113 V

  Q Both Zn2+  and Cu2+  are at unit concentrations,
E E= ° =  1.113 V

(iii) Q    Ecell = 1.113 V > 0   
             DG nEF= - < 0

  Therefore, the cell reaction is spontaneous.

52. pH = = -Ca 10 4

Þ         a =
-10

0 0015

4

.

Also, conductance ( )G
A

l
=

æ

è
ç

ö

ø
÷k

Þ         k =
æ

è
ç

ö

ø
÷ = ´ ´-G

l

A
5 10

120

1
7  = ´ -6 10 5

Þ        Lc

C
=

´k 1000
 

    =
´ ´-6 10 1000

0 0015

5

.

Þ        L
L¥

-

-
= =

´ ´
´

c

a

6 10 1000

0 0015

0 0015

10

5

4.

.

       = = ´ - -600 6 102 S cm mol1 1

53. En ergy ob tained as one mole X is con verted into Y is 193 kJ.

Energy consumed in converting one mole of M +  to M 3+

        = - ° = ´ ´nE F 2 96500 0 25.  J =
96500

2
 J

Þ      193 10
96500

2
3´ =

æ

è
ç

ö

ø
÷n  Þ n = 4 mol
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3d3p3s 

All are degenerate
degeneracy = 9

Second excited 
state of H-atom

1 H(1s )
Ground state
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