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Solid and liquid substances, which are able to conduct the electric current, can be roughly divided 

into two categories i.e. metallic conductors and electrolytic conductors.  

In metallic conductors or electronic conductors, the electric current is carried by the mobile 

electrons. When an electric potential is applied to metallic conductors, the electrons start moving in one 

direction while the positive ions remain stationary. Thus, the flow of electricity is not accompanied by any 

appreciable movement of the matter. 

Electrolytic conductors or electrolytes are distinguished from metallic conductors by the fact that 

the current is carried by ions and not by electrons. The application of an electrical potential causes these 

charged particles of matter to move, the positive ions move towards the cathode and the negative ions 

move towards the anode. Thus, passage of an electric current through  

an electrolyte is always accompanied by transfer of matter. This transfer is manifested by changes in 

concentration, and also by visible separation of material at the points where the electric current enters and 

leaves the electrolyte. Electrolytes generally employed are salts in molten form or salts dissolved in water. 

 

  

Let us take two rods of suitable metal called electrodes, which are inserted in the electrolyte 

solution of MCl. The rods are now connected to a source of electromotive force (E.M.F.). The electrode at 

which the electrons enter the cell is called the negative electrode or cathode while that at which the 

electrons leave is known as the positive electrode or anode.  

The cations carry a positive charge, the anions carry negative charge. As soon as the electrodes are 

connected to battery, the cations (M
+
) start moving towards cathode, take up electrons from the rod and get 

reduced to deposit as metal (M) while anions (Cl

) move towards anode and get oxidised to release Cl2 gas. 

Thus, at anode, electrons are released at the rod and go into the battery. Thus, anode becomes positive 

electrode. The electrons from the battery enter cathode, making it negatively charged. Thus, flow of 

electrons takes place from anode to cathode outside the cell and inside the cell, electrons indirectly flow 

from cathode to anode.  

The electrode at which oxidation takes place is called anode and the electrode at which reduction 

takes place is called cathode. The electrodes are named anode or cathode depending upon the reaction 

occurring on them and not on the basis of sign of the electrodes. 

The reactions at the two electrodes are 

At cathode: M
+
  +  e


    M 

At anode: Cl

    ½ Cl2 + e


 

 Thus, electrolysis is a process of chemical 

decomposition of the electrolyte by the passage of 

electric current. It is carried out in a cell called 

electrolytic cell. This cell converts electrical 

energy into chemical energy. The principles of 

electrolytic conduction are best illustrated by 

reference to an electrolytic cell such as shown in 

figure 1. The entire assembly except that of the 

external battery is known as the electrolytic cell.  

 

Cathode () 
M

+ 

Cl 

Cl 
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+  

M
+ 

e 

Figure 1. Electrolytic cell 
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There are two types of electrodes used in the electrolytic cell, namely attackable and 

nonattackable. The attackable electrodes participate in the electrode reaction. They are made up of 

reactive metals like Zn, Cu, Ag etc. In such electrodes, atom of the metal gets oxidised into the 

corresponding cation, which is passed into the solution. Thus, such anodes get dissolved and their mass 

decreases. On the other hand, nonattackable electrodes do not participate in the electrode reaction as they 

are made up of unreactive elements like Pt, Au, graphite etc. Such electrodes do not dissolve and their 

mass remains same.  

 

  

Faraday established the relationship between the quantity of electricity passed through an 

electrolyte and the amount of material liberated or deposited at the electrode. The quantity of electricity is 

equal to the product of the current strength and the time for which it is passed. The results of Faraday’s 

finding can be put in the form of two laws of electrolysis. 

3.1 FIRST LAW OF ELECTROLYSIS 

 The amount of any substance deposited or dissolved at a particular electrode is proportional to 

the quantity of electricity utilized i.e. w  Q. 

 or  w  (I  t) 

 or  w = ZIt 

 where w is the mass of substance deposited or liberated in gram, Q is the amount of charge utilized 

in coulombs, I is the current strength in amperes, t is the time for which current flows through the cell in 

seconds and Z is the electrochemical equivalent. Remember that Q is not the amount of charge passed but 

it is the amount of charge utilized. 

 Electrochemical equivalent is the mass of substance deposited in gram either by passing one 

coulomb of charge or by passing one ampere of current for one second. 

One faraday is the quantity of charge carried by one mole of electrons. 

 1F = 1.6  10
19

  6.023  10
23

  96500 coulombs 

or One Faraday is the quantity of charge which must be passed in order to deposit or dissolve one 

gram equivalent of any substance. 

Let E be the equivalent mass of a substance deposited at any electrode. Since, 96500 coulombs of 

charge is required to deposit E g of a substance, therefore one coulomb of charge would deposit 

g
96500

E








, which is the electrochemical equivalent (Z) of the substance. 

 w = 
96500

tEI
 [As Z = 

96500

E
] 

As mass of substance deposited, w = V  d = A  l  d 

 A  l  d  = 
96500

tEI
  

where A is the area of the article to be electroplated, l is the thickness of layer deposited and d is 

the density of metal deposited. 

The above formula finds application in electroplating of metals. 

An important use of this equation lies in its application for the measurement of quantity of 

electricity or of current strength or the time taken for discharge of an ion or cathode area or thickness of 

deposited layer or density of metal deposited, whichever is unknown. 

3.2 SECOND LAW OF ELECTROLYSIS 

The amounts of different substances deposited or dissolved by the same quantity of electricity 

are proportional to their respective chemical equivalent weights. 

 w = 
96500

tEI
 

           FARADAY’S LAW OF ELECTROYSIS 

 

  3 



  
 

 

 
 

 
 

Electrochemistry and conductance 

 

   Gmail: harishankarb7@gmail.com  Contact No. : 9874249567 For any queries  Page number 3 

It can be rearranged as 
96500

Q

96500

t

E

w


I
= Number of equivalents 

 Constant
E

w
  [as charge utilized is same] 

This means that if the quantity of charge passed through electrolytic cells connected in series is 

same, the equivalents of substances deposited at various electrodes would be same. Another way of stating 

this law is that the same quantity of electricity will produce chemically equivalent quantities of all 

substances resulting from chemical processes. A direct consequence of Faraday’s second law is that 96500 

coulombs of electricity will yield one equivalent of any substance. 

For example, consider the given reactions at two different cathodes in two different electrolytic 

cells connected in series. 

 Ag
+
 + e


   Ag 

 Cu
2+

 + 2e

  Cu 

Let us assume x mole of electrons is passed through both the cells.  

Mole of Ag deposited = x  

Equivalent of Ag deposited = x  1 = x 

Mole of Cu deposited = 
2

x
 

 Equivalent of Cu deposited = 
2

x
 2 = x 

 Thus, it is evident that the equivalents of both metals (Ag & Cu) deposited are same (i.e. x), when 

same number of mole of electrons are passed, which implies passage of same quantity of electricity. 

The Faraday’s laws are universally accepted laws, applicable at all temperatures, for nonaqueous, 

aqueous solutions and fused electrolytes and whether the electrode reaction leads to metal deposition or 

not. The law is even valid during simultaneous discharge of two species in the solution. 

 

  

In the electrolysis process we have discussed above, we have taken molten salt as electrolyte, 

which contains only one cation and one anion. Now, if the electrolyte taken contains more than one cation 

and more than one anion (for example, aqueous solution of the ionic electrolyte), then the cation and anion 

that will get discharged depends on the ability of cation to get reduced and the ability of anion to get 

oxidised. 

The ability of an ion to get oxidised or reduced depends upon the size, mass, positive charge, 

negative charge etc. Thus, it is not possible to predict qualitatively that which ion would be discharged 

first, as one factor might enhance the ability to discharge while the other factor may hamper it. This can 

only be predicted on the basis of quantitative value assigned based on the cumulative effect of all the 

factors responsible for an ion’s ability to discharge. The value is referred as standard potential, which is 

determined by keeping the concentration of ion as 1 M, pressure of gas at 1 atm, and the measurement 

done at 25°C. For a cation, the standard reduction potential (SRP) values are compared. The cation having 

higher standard reduction potential value is discharged in preference to cation with lower SRP value 

provided the ions are  

at 1 M concentration. For an anion, the standard oxidation potential (SOP) values are compared and anion 

having higher SOP is preferentially discharged, if the concentration is 1 M for each of the ion. The SRP 

values at 25°C for some of the reduction half reactions are given in the table below. 
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S. No. Reduction half cell reaction E° in volts at 25°C 

1. F2 + 2e

  2F


 + 2.65 

2. 2
82OS + 2e


  

2
4SO2  + 2.01 

3. Co
3+

 + e

  Co

2+ + 1.82 

4. PbO2 + 4H
+
 + 

2
4SO  + 2e


  PbSO4 + 2H2O + 1.65 

5. 
4MnO  + 8H

+
 + 5e


  Mn

2+
 + 4H2O + 1.52 

6. Au
3+

 + 3e

  Au + 1.50 

7. Cl2 + 2e

  2Cl


 + 1.36 

8. 2
72OCr  + 14H

+
 + 6e


    2Cr

3+
 + 7H2O   + 1.33 

9. O2 + 4H
+
 + 4e


    2H2O + 1.229 

10. Br2 + 2e

  2Br

 + 1.07 

11. 
3NO  + 4H

+
 + 3e


  NO + 2H2O + 0.96 

12. 2Hg
2+

 + 2e

  

2
2Hg  + 0.92 

13. Cu
2+

 + I

 + e


    Cul + 0.86 

14. Ag
+
 + e


    Ag + 0.799 

15. 2
2Hg  + 2e


   2 Hg

 + 0.79 

16. Fe
3+

 + e

  Fe

2+
  + 0.77 

17. I2 + 2e

  2I


 + 0.535 

18. Cu
+
 + e


    Cu + 0.53 

19. Cu
2+ 

+ 2e

   Cu

  + 0.34 

20. Hg2Cl2 + 2e

  2Hg + 2Cl

 + 0.27 

21. AgCl + e

  Ag + Cl

 + 0.222 

22. Cu
2+

 + e

   Cu

+ + 0.15 

23. Sn
4+

 + 2e

    Sn

2+ + 0.13 

24. 2H
+
 + 2e


    H2 0.00 

25. Fe
3+

 + 3e

    Fe  0.036 

26. Pb
2+

 + 2e

  Pb  0.126 

27. Sn
2+

 + 2e

  Sn  0.14 

28. AgI + e

   Ag + I


  0.151 

29. Ni
2+

 + 2e

  Ni   0.25 

30. Co
2+

 + 2e

  Co  0.28 

31. Cd
2+

 + 2e

  Cd  0.403 

32. Cr
3+

 + e

   Cr

2+
  0.41 

33. Fe
2+

 + 2e

   Fe  0.44 

34. Cr
3+

 + 3e

   Cr  0.74 

35. Zn
2+

 + 2e

    Zn  0.762 

36. 2H2O + 2e

  H2 + 2OH


  0.828 

37. Mn
2+

 + 2e

  Mn  1.18 

38. Al
3+

 + 3e

  Al  1.66 

39. H2 + 2e

    2H


  2.25 

40. Mg
2+

 + 2e

  Mg  2.37 

41. Na
+
 + e


  Na  2.71 

42. Ca
2+

 + 2e

  Ca  2.87 
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43. Ba
2+

 + 2e

    Ba  2.90 

44. Cs
+
 + e


    Cs  2.92 

45. K
+
 + e


   K  2.93 

46. Li
+
  + e


    Li  3.03 

When solution of an electrolyte contains more than one type of cations and anions at 

concentrations different from 1 M, the discharge of an ion does not depend solely on standard potential but 

also depends on the concentration of ions in the solution. This value is referred as potential, known as 

reduction potential for cation and oxidation potential for anion. The relation between reduction potential 

and standard reduction potential is given by Nernst equation, as 

ERP = 
]ttanreacofionconcentrat[

]productofionconcentrat[
ln

nF

RT
ERP 


 

where ERP = Reduction potential of cation and 

RPE = Standard reduction potential of cation. 

Thus, it is possible that a cation (A
+
) with lower standard reduction potential getting discharged in 

preference to cation (B
+
) having higher standard reduction potential because their concentrations might be 

such that the reduction potential of A
+
 is higher than that of B

+
. 

When two metal ions in the solution have identical values of their reduction potential, the 

simultaneous deposition of both the metals will occur in the form of an alloy. 
 

 
  Illustration 1   

 

Question: In the refining of silver by electrolytic method, what will be the weight of 100 g of silver anode 

if 5 ampere of current is passed for 2 hr. The purity of silver anode is 95% by weight. 

Solution: In the electrorefining, pure Ag from the anode gets oxidized and deposited at cathode. Thus, the 

mass of anode decreases while that of cathode increases.  

 At anode: Ag  Ag
+
 + e


 

 Mole of electrons passed = 
96500

606025 
 

 Mole of Ag oxidised = 373.0
96500

360025



 

 Mass of Ag oxidised = 0.373  108 = 40.29 g 

 Mass of silver in the anode initially = 95 g 

 Mass of silver left in the anode after refining = 95  40.29 = 54.71 g 

 Weight of silver anode after refining = 54.71 + 5 = 59.71 g 
 

 
  Illustration 2   

 

Question: The electrosynthesis of MnO2 is carried out from a solution of MnSO4 in H2SO4(aq).  

If a current of 25.5 ampere is used with a current efficiency of 85%, how long would it take to 

produce 1 kg of MnO2? 

Solution:  During electrosynthesis of MnO2, the reactions occurring at the two electrodes are 

 At anode: Mn
2+

 + 2H2O  MnO2 + 4H
+
 + 2e


 

 At cathode:   2H
+
 + 2e


  H2 

 Let the time required to produce 1 kg of MnO2 be t seconds.  

 Mole of electrons required = 
100

85

96500

t5.25



 

 Mole of MnO2 produced = 
2

1

100

85

96500

t5.25



 

 Mass of MnO2 produced = 
2

1

100

85

96500

t5.25



 87 = 1000 

   t = 1.023  10
5
 sec or 28.43 hr 
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Molten electrolytes and the aqueous solutions of electrolytes contain free ions and conduct 

electricity due to the movement of ions. 

 

1 cm 

1
 c

m
 

1 cm 

 

 

We know that Ohm’s law is applicable to metallic conductors but it is also valid for electrolytic 

conductors. According to the Ohm’s law, the resistance of a conductor is directly proportional to the length 

and is inversely proportional to the area of crosssection of the conductor.  

   R  
a

l
 

or R =   
a

l
 

where ‘l’ is the length and ‘a’ is the area of crosssection of the solution column held between the 

electrodes and  is the resistivity of the solution. 

Now, if l = 1 unit of length and a = 1 unit of area, then 

 R =  

i.e.,  is the resistance of the solution held between the electrodes of unit area of crosssection 

each and separated by a distance of one unit from each other.  

Unit of resistance is ohm and that of resistivity is ohm  m in SI unit.   

 CONDUCTIVITY OF SOLUTIONS 

For solutions, it is more convenient to think of conductance (G) rather than resistance. 

Conductance (G) is related to the resistance (R) by the relation, 

Conductance (G) =
)R(cetansisRe

1
  or   G =

R

1
 

The unit of conductance (G) is ohm
1 

or mho . The unit ohm
1

 is now a days called  

Siemens (S). Therefore, 1 ohm
1

 = 1 S. 

 G = 
ll

a
k

a1



 

where k is called conductivity of the solution. 

This gives, 

 k = G  
aR

1

a

ll
  

Conductivity (k) =
Resistance

constantCell

R

a/ 


 l
 

The quantity 1/ is termed as specific conductance or conductivity (k).  

Now, if l = 1 unit of length and a = 1 unit of area, then 

 k = G 

Thus, the conductivity may be defined as the conductance of any solution held between two 

electrodes of one unit area each and separated by a distance of one unit.  

           ELECTROLYTIC CONDUCTANCE 
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The units of conductivity depends upon the units in which the quantities G, l and a are measured. 

G is measured in the units of ohm
1 

or Siemen. 

In SI system of units, the length (l) is expressed in metre (m) unit and the area of crosssection (a) 

is expressed in square metre (m
2
). The unit of conductivity (k) is then derived as  

 k = 
2m

mS

a

G 


 l
 = S m

1
 

Thus, the SI unit of conductivity (k) is S m
1

 (Siemens / metre). It should be noted that  

1 S m
1

 = 1 ohm
1

 m
1

. 

In CGS system, length (l) is measured in cm, and the area of crosssection (a) in centimeter square 

(cm
2
). So, the units of conductivity (k) in CGS system is 

 k = G  
a

l
 = 

2cm

cmS 
= S cm

1
 

 

  

In order to compare the conductivities of different electrolytes, it is convenient to use a quantity 

called equivalent conductivity. The equivalent conductivity (eq) of an electrolyte in solution may be 

defined as 

“The conducting power of all the ions furnished by one equivalent of an electrolyte in any 

solution is termed as its equivalent conductivity.” 

Thus, equivalent conductivity is expressed as 

Equivalent conductivity (eq) = 
)C(volumeunitpersequivalentinionConcentrat

)k(tyConductivi

eq

 

 eq = 
eqC

k
 

Actual mathematical form of this relationship and the units of eq depend upon the units in which 

the conductivity (k) and concentration (Ceq) are expressed. 

If the conductivity is measured in S cm
1

 and concentration is measured in equivalent/litre, then 

the expression of eq becomes 

 eq = 
equiv1

dm1cmS1

C

k

dmequivC

cmSk 31

eq
3

eq

1 








 

 = 
equiv1

)cm10(cmS1

C

k 31

eq






 

 = 12

eq

equivcmS
C

k1000   

 eq = .equivcmS
solutiontheofNormality

k1000 12   

The equivalent conductivity is expressed by   eq =
eqC

k
 

where Ceq is the concentration of electrolyte in terms of equivalents per unit volume.  

By definition, the volume of solution containing 1 equivalent of the electrolyte is given by 

 Veq = 
eqC

1
 

 eq = k  Veq 

When Ceq is expressed in terms of equivalent per litre, then Veq has the units of litre per equivalent. 

So,    eq = k(S cm
1

)  Veq (dm
3 
per equiv) 
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= k (S cm

1
)  Veq[(10 cm)

3
 per equiv)] 

 = 1000 k(S cm
1

)  Veq(cm
3
 per equiv) 

  eq = 1000 k Veq    S cm
2
 equiv

1
 

 

 

  

The conducting power of a solution can also be described in terms of molar conductivity (m). The 

molar conductivity (m) may be defined as 

“The conducting power of all the ions furnished by one mole of an electrolyte in any solution is 

termed as its molar conductivity”. 

Thus, molar conductivity is expressed as 

Molar conductivity (m) = 
mm C

k

)C(volumeunitpermolesinionConcentrat

)k(tyConductivi
  

Actual mathematical form and the units of m depend upon the units in which the conductivity (k) 

and concentration (Cm) are expressed. 

When the conductivity is measured in S cm
1

 and concentration is measured in mol/litre, then the 

expression of m becomes 

 m = 
mol1

dm1cmS1

C

k

dmmolC

cmSk 31

m
3

m

1 








 

 = 
mol1

)cm10(cmS1

C

k 31

m






 

 = 12

m

molcmS
C

k1000   

 m = 12molcmS
solutiontheofMolarity

k1000  . 

Molar conductivity is expressed by m = 
mC

k
 

where Cm is the concentration of the solution in moles per unit volume. By definition, the volume 

of solution containing one mole of electrolyte is given by 

  Vm = 
mC

1
 

 m = k  Vm 

 When Cm is expressed in terms of moles per litre, then Vm has the unit of 1litre per mole. So, 

  m  = k(S cm
1

)  Vm(dm
3
 per mol) 

   = k(S cm
1

)  Vm [(10 cm)
3
 per mol)] 

  m = 1000 k Vm    S cm
2
 mol

1
   

 

 

  

According to the definition, m = 
mC

k
 ..….(i) 

and  eq = 
eqC

k
 ..….(ii) 

For a solution containing a certain mass of solute per unit volume of the solution  

(let us say ‘w’ gram per litre), we can write 

           MOLAR CONDUCTIVITY 
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Cm = 
eelectrolyttheofmassEquivalent

w
Cand

eelectrolyttheofmassMolar

w
eq   

From these relations, we can write 

 
eelectrolyttheofmassMolar

eelectrolyttheofmassEquivalent

C

C

eq

m   

We know that molar mass of an electrolyte = z  Equivalent mass of the electrolyte  

where z is the number of equivalents of electrolytic charge per mole of the electrolyte.  

(For example, nfactor of electrolyte). 

  
z

1

C

C

eq

m   ..….(iii) 

Using equation (i) and (ii), we get 
eq

m

C

C
 = 

m

eq




 ..….(iv) 

 

Then, from equation (iii) and (iv), we get   

  
z

1

m

eq





     or     m = z  eq 

where z can have values equal to 1, 2, 3, ….  
 

 

  

At very low concentrations, the molar conductivity of a strong electrolyte tends to reach a limiting 

value. This value of molar conductivity is called the molar conductivity at infinite dilution  
m . At such 

high dilutions, the interionic attractions become negligible and each ion migrates independent of the other 

ions. These observations were used by Kohlrausch to postulate a famous law called Kohlrausch’s law of 

independent ion migration. The Kohlrausch’s law in terms of molar conductivity is stated as follows 

“At infinite dilution, the molar conductivity of an electrolyte can be expressed as the sum of the 

contributions from its individual ions”. 

 


m = + 



  + 


  …….(v) 

where + and  are the number of cations and anions per formula unit of electrolyte respectively 

and 


  and 


  are the molar conductivities of the cation and anion at infinite dilution respectively. 

The use of equation (v) in expressing the molar conductivity of an electrolyte at infinite dilution is 

illustrated below. 

 1. Molar conductivity of HCl 

 The molar conductivity of HCl at infinite dilution can be expressed as, 

     


HCl  = ( 
H



 ) + ( 
Cl




Cl
) 

For HCl, 
H

= 1 and 
Cl

 = 1 

So,   


HCl  = (1 


 ) + (1  



Cl

) 

    


HClΛ  = 

H

λ + 

Cl

λ  

 2. Molar conductivity of MgCl2 

 For MgCl2, the molar conductivity at infinite dilution can be expressed as, 

 



2MgCl = (  2Mg

)2Mg



  + ( 
Cl

)
Cl


  

 For MgCl2,  2Mg
  = 1 and 

Cl
= 2 

So, 



2MgCl =  (1  )2Mg



 + (2  )
Cl


  

           KOHLRAUSCH’S LAW 
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

2MgClΛ = 


2Mg
λ + 


Cl

2λ    

 3. Molar conductivity of CH3COOH 

CH3COOH    CH3COO

  +  H

+
 

So, the molar conductivity of CH3COOH (acetic acid) at infinite dilution can be expressed as, 

  


 COOHCH3
 = ( 

H
)

H



 + 
COOCH3

( )
COOCH3



  

For CH3COOH, 
H

= 1 and 
COOCH3

= 1 

  


COOHCH3
Λ  = 



H
λ + 


COOCH3

Λ  

The molar conductivity of a weak electrolyte at infinite dilution )( m


  cannot be determined by 

extrapolation method. But 


m  values for weak electrolytes can be determined by using the Kohlrausch’s 

equation. According to the Kohlrausch’s law, the molar conductivity of acetic acid (CH3COOH) is given 

by, 

 


 COOHCH3
 = ( 

H
)

H



  + ( 
COOCH3




COOCH3

) = (1  )
H



  + (1  )
COOCH3



  

 Considering the values of 



H

 and 



COOCH3

, we get  

 


 COOHCH3
 = (349.8 + 40.9) S cm

2
 mol

1
 = 390.7 S cm

2
 mol

1
 

Sometimes, the molar conductivity values for the ions are not available. In such cases, following 

procedure is adopted. 

(i) Select a series of strong electrolytes such that the sum/difference of molar conductivities of 

their ions gives the molar conductivities of the ions of weak electrolyte. Generally, three strong 

electrolytes are chosen. 

(ii) Measure 


m  values of these salts (strong electrolytes) at various concentrations (Cm) and plot 

m against mC  for each salt separately. Determine 


m  for each salt (strong electrolyte) by 

extrapolation method. 

 (iii) Add and/or subtract the equations to get the 


m  of the weak electrolyte. Let us determine 

the molar conductivity of a weak electrolyte, MA at infinite dilution. For this purpose, we take 

three salts MCl, NaA and NaCl and determine their 


m  values by extrapolation method. Then, 

according to the Kohlrausch’s law 

  


MCl = 



M

+ 



Cl

 

  


NaA  = 



Na

 + 



A
 

 and 


NaCl  = 



Na

+ 



Cl

 

From these equations, one can write, 


MCl + 


NaA   


NaCl = 


M
( )

Cl


  + 



Na
(




A
)  



Na
( )

Cl


 = 




M

+ 



A
= 


 AM  

So,  


 AM  =  


MCl  + 


NaA  


NaCl   

Thus, the molar conductivity of a weak electrolyte at infinite dilution can be obtained from the 


m  

values of three suitable strong electrolytes.  

 
  Illustration 3   

 

Question: The value of 


mΛ  for HCl, NaCl and CH3CO2Na are 426.1, 126.5 and 91 S cm
2
 mol

1
 respectively. 

Calculate the value of 


mΛ  for acetic acid. 

Solution: Using Kohlrausch’s law, 
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

HCl  = 

 H + 




Cl  ……..(i) 

  


 NaCOCH 23
= 



23COCH

+ 



Na

 ……..(ii) 

 and  


NaCl  = 



Na

+ 



Cl  ……..(iii) 

 Adding equations (i) and (ii) and subtracting equation (iii), we get 
    

    


HCl + 


 NaCOCH 23
 


NaCl = 


 H + 




Cl + 



23COCH

 + 



Na





Na





Cl    

     = 

 H + 



23COCH

 = 


 HCOCH 23
 

     


 HCOCH 23
 = (426.1 + 91  126.5) = 390.6 S cm

2
 mol

1
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PROFICIENCY TEST I 

 

 The following 10 questions deal with the basic concepts of this section. Answer the following 

briefly. Go to the next section only if your score is greater than or equal to 8.  

Do not consult the study material while attempting the questions. 

 

1. True/False. In highly alkaline medium, the anodic process during the electrolysis is  

4OH

    O2 + 2H2O + 4e


   

2. True/False. Compounds of active metals (Zn, Na, Mg) are reducible by H2 whereas those of 

noble metals (Cu, Ag, Au) are not reducible. 

3. True/False. The mass of a substance deposited on the cathode or anode during electrolysis is 

given by   w =
F

tE I
 

4. True/False. Faraday’s second law of electrolysis is related to the equivalent mass of the 

electrolyte. 

5. True/False. Equivalent conductance at infinite dilution of salt AB is equal to the sum of 

equivalent conductances of ions, A
+
 and B


 at infinite dilution. 

6. The specific conductance of a 0.1 N KCl solution at 23°C is 0.012 ohm
1

 cm
1

.  

The resistance of the cell containing the solution at the same temperature was found to be  

55 ohms. The cell constant is .  

7. Dilute sulphuric acid on electrolysis liberates at the anode. 

8. The electrical conductivity of a solution of acetic acid will  if a solution of sodium 

hydroxide is added. 

9. A cation having a  reduction potential is preferentially reduced at the cathode. 

10. When an aqueous solution of sodium sulphate is electrolysed, the gases liberated at the anode & 

cathode are  and  , respectively.                 
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ANSWERS TO PROFICIENCY TESTI 

 
 

 1. True 

 2. False 

 3. True 

 4. True 

 5. True 

 6. 0.66 cm
1 

 7. O2 

 8. increase 

 9. higher 

 10. O2 & H2  

 

  

Let us take a zinc rod, which is dipped in a solution of CuSO4 taken in a beaker as shown in figure 

2. After some time, we see that the Zn rod starts dissolving and Cu starts depositing on its surface. This 

happens because Zn gets oxidised to Zn
2+

 ions, which passes into the solution and  

2 electrons remain on the Zn rod. Then, Cu
2+

 ion from the solution takes up these 2 electrons to form Cu, 

which deposits on the Zn rod.  

 Zn(s) + Cu
2+

(aq)    Zn
2+

(aq) + Cu(s) 

 
Zn rod 

CuSO4 
solution 

Figure 2. 
 

 

In this reaction, Zn acts as reducing agent, which is able to reduce Cu2+ to Cu by transferring 2 

electrons and Cu
2+

 ion acts as an oxidising agent, which oxidises Zn to Zn
2+

 ions and itself gets reduced to 

Cu. In this case, there is a direct transfer of electrons from Zn rod to Cu
2+

 ion and some heat is also 

evolved.  

The above experiment is slightly modified in a manner that for the same redox reaction, transfer of 

electrons takes place indirectly and the heat of the reaction is converted into electrical energy. This 

necessitates the separation of Zn rod from CuSO4 solution. Such cells in which the oxidised and reduced 

species are separated and connected through electrical wires are called electrochemical cells.  

Electrochemical cells are the cells in which chemical energy is transformed into electrical 

energy. This means that chemical reactions produce electric current. 

An electrochemical cell consists of two halfcells or electrodes. The electrodes are metallic 

conductors dipped in an electrolyte, which is an ionic conductor dissolved in water. A metallic rod and its 

electrolyte comprise an electrode or halfcell compartment. The two electrodes may share the same or 

different electrolyte. The various kinds of electrode used are 

(i) Metalmetal ion electrode (ii) Gasgas ion electrode 

(iii) Redox electrode and (iv) Metalinsoluble metal saltanion electrode; 

which are discussed in a separate section later.  

In a given electrochemical cell, combination of any of the two electrodes can be used.  

The cell may even contain same type of electrodes with different concentration of electrolytes. When an 

           ELECTROCHEMICAL CELLS 

 

    10 



  
 

 

 
 

 
 

Electrochemistry and conductance 

 

   Gmail: harishankarb7@gmail.com  Contact No. : 9874249567 For any queries  Page number 14 

‘inert metal’ is part of the electrode, it acts as a source of electrons, but does not take part in the reaction. If 

the electrolytes are different, the two compartments may be joined by a salt bridge, which is a concentrated 

electrolyte solution in agaragar jelly that completes the electrical circuit and enables the cell to function. 

Thus, salt bridge provides an electrical contact between the two solutions without allowing them to mix 

with each other. 

The simplest electrochemical cell to study is Daniel cell, which is shown in the figure 3.  This is 

prepared by dipping Zn rod in a solution of ZnSO4 in one beaker and by dipping Cu strip in a solution of 

CuSO4 in another beaker.  It consists of two redox couples, Zn
2+

 | Zn at one end and Cu
2+

 | Cu at the other 

end. Since Zn has a higher oxidation potential than Cu, so it has higher tendency to get oxidised than Cu 

and conversely Cu
2+

 has higher tendency to get reduced than Zn
2+

. At this stage, no reaction takes place in 

either of the beakers. Now, the two halfcells are connected by connecting wire through an ammeter. As 

soon as the connection is made, Zn rod starts dissolving i.e. Zn atom changes to Zn
2+

 by losing 2 electrons. 

The Zn
2+

 ion passes into the solution, thereby increasing its concentration and 2 electrons remain on the Zn 

rod. Thus, ZnSO4 solution now has +2 unit extra charge and Zn rod has 2 unit extra charge. Thus, there is 

a charge separation of 4 units between the Zn rod and ZnSO4 solution. This charge separation develops a 

potential referred as oxidation potential since oxidation takes place on this electrode. The potential is called 

standard oxidation potential, if the concentration of Zn
2+

 in the solution in 1 M. Similar potential is 

developed at Cu
2+ 

| Cu halfcell also, when Cu
2+

 discharges and deposits on Cu rod. This potential is 

referred as reduction potential as reduction takes place on this electrode. The potential is called standard 

reduction potential, if the concentration of Cu
2+

 in the solution is 1 M. 

 

Anode () 
 

Ammeter 

ZnSO4 
solution 

Cathode (+) 
 

Cu strip 
 

CuSO4 
Solution 

 

Zn strip
 

Flow of e 

Salt bridge 
(KCl or KNO3) 

Figure 3.  Setup of a Daniel cell 

Current flow 

 

The zinc rod which has the electron left by the zinc (that got oxidized) becomes negatively charged 

while the Cu rod which lost electrons to Cu
2+

 becomes positively charged. Thus, electric current flows 

through the connected wire, which is indicated by a deflection in ammeter showing that a chemical 

reaction is occurring in the cell. During the course of reaction, zinc rod gets dissolved and copper gets 

deposited on the copper rod. Thus, the concentration of the anode solution increases while that of cathode 

solution decreases. The flow of electrons occur from the zinc rod to copper rod in the external circuit and 

indirectly from cathode to anode in the internal circuit. The current flow is in the direction opposite to 

electron flow. The reactions occurring at the two electrodes are 

At anode: Zn(s)  Zn
2+

(aq) + 2e

 

At cathode: Cu
2+

(aq) + 2e

  Cu(s)  

This current flow stops after some time. Think, why it happens? As zinc rod dissolves, let one 

mole of Zn atom dissolves to form Zn
2+

, which passes into the solution and 2 mole of electrons remain on 

the rod. Thus, rod becomes negatively charged and the solution becomes positively charged. With the 

passage of time, the solution becomes so much positively charged that any Zn atom getting oxidised and 

trying to get into solution, would be repelled by the solution and thus the oxidation of Zn stops. Same 

phenomenon occurs at cathode and the reduction of Cu
2+

 at cathode ceases. As the flow of electrons stop, 

so does the flow of current. This problem can be removed with the use of salt bridge. The salt bridge 
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contains a highly soluble electrolyte (like KCl, NH4NO3, NH4Cl, KNO3 etc) in which ionic mobilities of 

cation and anion are of comparable order. 

Now, let us examine the function of salt bridge. Since zinc ions are produced as electrons leave the 

zinc electrode, this tends to produce a net positive charge in the left compartment. The salt bridge then 

throws cations having equivalent charge into the solution to maintain electrical neutrality. Thus, the salt 

bridge keeps the solution electrically neutral by passing an appropriate amount of cations or anions to the 

two halfcells (compartments). Thus, the purpose of the salt bridge is to prevent any net charge 

accumulation in either compartment. Salt bridge does not participate chemically in the cell reaction but it is 

essential for the cell to operate. With the use of salt bridge, the flow of electrons becomes continuous and 

cell continues to operate. But after some more time, cell ceases to operate. Can you guess why it stops 

operating now? 

 CELL NOTATION OF AN ELECTROCHEMICAL CELL 

 (i) Anode is written on the left side and cathode is written on the right side. 

 (ii) Phase boundaries are indicated by vertical bar or slash. 

 (iii) Concentration of the electrolytes in the anode and cathode must be written in parenthesis. 

 (iv) In case of a gas, the partial pressure is to be mentioned in atm or mm Hg. 

 (v) A comma is used to separate two chemical species present in the same solution. 

 (vi) A double vertical line i.e. | | denotes that a salt bridge is present. 

 (vii) EMF of the cell is written on the extreme right of the representation. 

 For example, 

 (i) Zn(s) | ZnSO4(c1 M) || CuSO4(c2 M) | Cu(s) ; Ecell 

 (ii) Pt | H2(P1 atm) | HCl (c M) | AgCl(s) | Ag ; 
'
cel lE  

 (iii) Pt | Fe
2+

 (c1 M), Fe
3+

(c2 M) | | Ag
+
 (c M) | Ag ; 

"
cellE  

 Note: In some cell representations (as in (ii) above), the salt bridge is not indicated which implies that 

the electrolyte is common to both anode and cathode compartments. 

 

  

Nernst equation is used to relate either halfcell potential or EMF of a cell with the concentration 

of the involved species. Let us first consider a redox change occurring in a electrochemical cell, 

 xA + yB   zC + aD 

where A, B, C and D are the species whose concentrations vary i.e. they are either gases or solution phases. 

For species A, the free energy per mole of A can be given thermodynamically as 

  GA = 

AG  + RT ln [A] 

 For x moles A, xGA = 

AGx  + xRT ln ]A[ = 


AGx  + RT ln

x]A[   

 Similarly, for all other species, 

  yGB = 

BGy  + RT ln

y]B[  

  zGc = 

CGz  + RT ln

z]C[  

 and  aGD = 

DGa  + RT ln

a]D[  

 Now, the free energy change for the overall cell reaction can be deduced as 

  G=(zGc + aGD)  (xGA + yGB)  

  = 

CGz  + RT ln

z]C[ + 

DGa  + RT ln

a]D[  

AGx   RT ln

x]A[  

BGy   RT ln

y]B[  

  = 
y

az

BADC
]B[]A[

]D[]C[
lnRT)GyG()GaGz(

x
x  

 

  G = G° + RT ln
y

az

[B][A]

[D][C]
x

 ....(i) 

           CELL POTENTIAL AND NERNST EQUATION 
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 where G° is the free energy change when all the reactants and products are present at one molar 

concentration. 

 Any spontaneous reaction occurring in a cell, occurs with a decrease in free energy. This decrease 

in free energy brings in an equivalent amount of electrical work obtainable from a given system over and 

above any PdV energy that can be delivered to the surrounding. This can be calculated by the total charge 

driven through cell and the potential difference. Thus 

 G = Total charge  EMF of the cell 

 G = nF  Ecell 

[Negative sign indicates decrease of free energy and it implies that as Ecell becomes more and more 

positive, G will become more and more negative, making the reaction spontaneous] 

Similarly, G° = nF

cellE  

Therefore, equation (i) can be written as 

 nFEcell = nF

cellE  + RT ln

y

az

[B][A]

[D][C]
x

 

Dividing both the sides by  nF gives, 

 Ecell = 

cellE

nF

RT
  ln

y

az

[B][A]

[D][C]
x

 

Putting T = 298 K, R = 8.314 J/mol K, F = 96500 C, we get 

 Ecell = 

cellE log

n

0.059


y

az

[B][A]

[D][C]
x

  ….(ii) 

The equation (ii) is called Nernst equation, which is applicable to halfcell reactions as well as to 

complete cell reactions. 

Daniel cell represented as Zn(s) | Zn
2+

 (c1 M) | | Cu
2+

 (c2 M) | Cu(s) assumes that Zn is the anode 

and Cu is the cathode. Such an assumption would be true only if the cell potential (Ecell) is positive. 

The cell potential is given in the following three ways of which we would choose the third one in 

all our problems. 

 Ecell = ERP(Cathode) + EOP(Anode) 

or Ecell = EOP(Anode)    EOP(Cathode)  

or Ecell = ERP(Cathode)  ERP(Anode)  

ERP(Cathode) is the reduction potential of the cathode while ERP(Anode) is reduction potential of the 

anode. EOP(Cathode) is the oxidation potential of the cathode while EOP(Anode) is the oxidation potential of the 

anode. 

Now, let us find the EMF of Daniel cell using Nernst equation. Since we need to represent the 

reduction potential of cathode and anode, we first need to write the relevant reduction reactions. 

For cathode: Cu
2+

 + 2e

  Cu 

 )Qor(Qlog
nF

RT
EE pccCu|CuCu|Cu 22  


 



Cu|Cu2E  is the standard reduction potential of the given half reaction, R is the universal gas 

constant, T is the absolute temperature at which cell works, F is the Faraday constant and n is the number 

of mole of electrons as seen in the reaction. The expression in the log term should be that of Kc or Kpc. This 

means that if reaction involves no gases, then the expression in the log term should be that of Kc while if a 

gas is involved then the expression in the log term should be that  

of Kpc. In these expressions, the concentration should always be in moles per liter while the partial pressure 

should be in atmosphere units. 

  
]Cu[

1
log

2

059.0
EE

2Cu|CuCu|Cu 22


 

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For anode: Zn
2+

 + 2e

  Zn 

 
]Zn[

1
log

2

059.0
EE

2Zn|ZnZn|Zn 22


 


 

As Ecell = 
Zn|ZnCu|Cu 22 EE    

  Ecell = 
]Cu[

1
log

2

059.0
E

2Cu|Cu2





]Zn[

1
log

2

059.0
E

2Zn|Zn2


 


 

 Ecell = 
]Cu[

]Zn[
log

2

059.0
EE

2

2

Zn|ZnCu|Cu 22




 


 

 Ecell= 
][Cu

][Zn
log

2

0.059
E

2

2

cell 






 

Note:  Since Ecell has been defined as ERP(cathode)  ERP(Anode), the Nernst expression holds good even if the 

number of mole of electrons of the two half reactions are different. 

For example, consider the cell, 

 Pt | H2 | HCl | | Cu
2+ 

| Cu 

For cathode: Cu
2+

 + 2e

   Cu 

 


Cu|CuCuCu
2

|2 EE 


]Cu[

1
log

2

059.0
2

  

For cathode: H
+
 + e

 
  ½ H2 

  
2H|H

E 
]H[

]P[
log

1

059.0
E

2/1

2H

2H|H 
 


   

 Ecell = 


2|2 H|HCuCu
EE 




]Cu[

1
log

2

059.0
2

 +
]H[

]P[
log

1

059.0
2/1

2H


 

It is also possible to balance the electrons in both the half cell reactions and then subtract 

)Anode(RPE  from ).Cathode(RPE  That is, 

For anode: 2H
+
 + 2e


  H2 

 


2H|H
2H|H

EE  2

2

]H[

P
log

2

059.0 H


  

  Ecell = 


Cu|Cu2E 



2H|H
E 

2

2

2

HP]Cu[

]H[
log

2

059.0




  

 

  

 

Let us assume that the redox change occurring in Daniel cell attains equilibrium.  

At equilibrium, the reduction potential values of the two electrodes become equal and EMF of the cell 

becomes zero.  

 Zn(s) + Cu
2+

(aq)   Zn
2+

(aq) + Cu(s) 

The equilibrium constant for this reaction is given as 

 Keq = 
]Cu[

]Zn[
2

2





 

Applying Nernst equation to the complete cell reaction, 

 Ecell = 
]Cu[

]Zn[
ln

nF

RT
E

2

2

cell 






 

           RELATION BETWEEN STANDARD FREE ENERGY AND EQUILIBRIUM   

           CONSTANT 
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  eqcell Kln
nF

RT
E 


  [as Ecell = 0] 

 eqcell KlnRTnFE 


 

 G° = eqKlnRT  

 G° = 2.303 eqKlogRT  

 [Note: This relation is valid for many equilibrium constants like Kw, Kp, Kc, Ksp, Kf, Kd etc.] 

 Some other important relations involving enthalpy change and entropy change during the redox 

change are  

 (a) H = nF 
















E

dT

dE
T  where 

dT

dE
 is called as temperature coefficient representing the change of 

EMF with the change of temperature, n is the number of mole of electrons involved, F is one 

Faraday, E is EMF of the cell at temperature T and T is the absolute temperature. Depending upon 

the value of ,
dT

dE








 H can be negative or positive i.e. reaction can be exothermic or endothermic.  

 (b) S = nF 








dT

dE
. When 









dT

dE
 is negative, the change is entropy would also be negative and when










dT

dE
 is positive, change in entropy would be favoured i.e. S would be positive. 

 
  Illustration 4   

 

Question:  Given the overall formation constant of the [Fe(CN)6]
4

 ion as 10
35

 and the standard potentials 

for the half reactions,  

    Fe
3+

 + e

   Fe

2+
 ; E° = 0.77 V 

    [Fe(CN)6]
3

 + e

   [Fe(CN)6]

4
 ; E° = 0.36 V. 

 Calculate the overall formation constant of the [Fe(CN)6]
3

 ion. 

Solution:  Let Kf be the formation constant of [Fe(CN)6]
3

 ion. 

   Fe
2+

 + 6CN

   [Fe(CN)6]

4
 ; Kf = 10

35 
;  o

1G = 2.303 RT log Kf = 199704.69 J 

   Fe
3+

 + e

   Fe

2+  
; E° = 0.77 V ;  o

2G = 96500  0.77 = 74305 J 

   [Fe(CN)6]
4

 
 
[Fe(CN)6]

3
 + e


  ; E° = 0.36 V ; o

3G = + 96500  0.36 = 34740 J 

   Fe
3+

 + 6CN

   [Fe(CN)6]

3
      ; 

o
4G = 

o
3

o
2

o
1 GGG   

    o
4G  = 239269.69 J 

   o
4G  = 2.303 RT log fK  

    fK  = 8.59  10
41

 
 

 
  Illustration 5   

 

Question:  For the reaction, 4Al(s) + 3O2(g) + 6H2O + 4OH

  4[Al(OH)4


] ; 


cellE = 2.73V.  

If 

fΔG (OH


) = 157 kJ mol

1
 and 


fΔG (H2O) =  237.2 kJ mol

1
, determine  


fΔG (Al (OH)4


). 

Solution: The G° and 

cellE  are related by 

       G° =  n

cellFE  =  12  96500  2.73 =  3.16  10

3
 kJ 

  G° =  4 ))OH(Al(G 4f



  6


fG (H2O)  4


fG (OH


) 

  (since 

fG  of Al(s) and O2(g) are zero)  
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  ))OH(Al(G 4f



 = 

4

)1574()2.2376(1016.3 3 
 

      = 1.30  10
3
 kJ mol

1
 

 

 

  
  

13.1 METALMETAL ION HALF CELL 

 In this type of halfcell, the metal rod is dipped 

in a solution of the corresponding metal ion having 

concentration c M. The assembly is shown in figure 4. 

 The given halfcell when functions as anode 

can be represented as  

 M(s) | M
n+ 

(c M) 

 

Metal, M(s) 

Metal ion, 
M

n+
 (c M) 

Figure 4.  Metalmetal ion halfcell 

 

 

The anodic halfcell reaction is  

 M(s)  M
n+

(aq) + ne

  

The representation of the halfcell when it functions as cathode is  

 M
n+

 ( c M) | M(s) 

The cathodic halfcell reaction is  

 M
n+

(aq) + ne

  M(s) 

Examples of this type of halfcell when used as cathode are Cu
2+

 | Cu, Zn
2+

 | Zn, Ag
+
 | Ag,  

Sn
2+

 | Sn etc. The half cells or electrodes used in Daniel cell are of the metalmetal  

ion type. 

For such type of halfcells, very active metals cannot be used, because they react with water. For 

such highly reactive metals, an amalgam of the metal in mercury is used instead of pure metal. 

13.2 GASGAS ION HALF CELL  

 In a gasgas ion halfcell, a gas is bubbled 

into a solution of the gas ion, with a platinum rod 

having a sheet coated with platinum black being 

dipped in the gas ion solution. Platinum is used for 

making electrical contact because the gases are 

nonconducting and the platinum do not react with 

gas ions as it is an unreactive metal. Platinum black 

is used over the platinum sheet, which gives it a 

large surface area for the adsorption of gases. The 

halfcell assembly is shown in  figure 5. 

 

Pt wire 

Pt sheet coated  
with Pt black 

gas ion (c M) 

Gas (P atm) 

Figure 5.  Gasgas ion halfcell 
 

 

The given halfcell when functions as anode can be represented as 

 Pt | Gas (P atm) | Gas ion (c M). 

Let us consider a hydrogen gas halfcell, functioning as anode. It is represented as 

 Pt | H2 (P atm) | H
+
 (c M) 

and the anodic halfcell reaction is  

 H2(Pt)  2H
+
(aq) + 2e


 (Pt). 

The chlorine gas halfcell when functions as anode can be represented as 

 Pt | Cl2(P atm) | Cl

 (c M) 

and the anodic halfcell reaction is 

           TYPES OF HALF CELLS/ELECTRODES 
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 2Cl

  Cl2 + 2e


. 

The oxygen gas halfcell when functions as anode can be represented as 

 Pt | O2 (P atm) | OH

 (c M) 

and the anodic halfcell reaction is 

 2OH

  ½ O2 + H2O + 2e


. 

The gasgas ion halfcell when functions as cathode can be represented as 

 Gas ion (c M) | Gas (P atm) | Pt. 

Let us consider a hydrogen halfcell, functioning as cathode. It is represented as 

 H
+
 (c M) | H2 (P atm) | Pt 

and the cathodic halfcell reaction is 

 2H
+ 

(aq) + 2e
 

(Pt)  H2 (Pt). 
 

The hydrogen electrode is called standard hydrogen electrode when the concentration of H
+
 ion 

is 1 M and the pressure of H2 gas is 1 atm. The standard hydrogen electrode (SHE) functions as reference 

electrode and is used for the measurement of standard reduction potentials of other halfcells or couples. 

The standard reduction potential values obtained in this manner are arranged in the decreasing order to give 

electrochemical series. 

13.3 REDOX HALF CELL  

 In redox halfcell, a platinum rod is dipped in a solution containing two different oxidation states 

of a metal ion 1n
M( and ,M 2n   where n2 is greater than n1). The halfcell assembly is shown in figure 6. 

 

Pt rod 


1

n
M (c1 M), 

2n
M (c2 M)  

Figure 6.  Redox halfcell 
 

 

 The given halfcell when functions as anode can be represented as 

  Pt | )Mc(M),Mc(M 2
nn 2

1
1 

 

 and the anodic halfcell reaction is 

  


 e)nn(MM 12
2n1n

 

 The redox halfcell when functions as cathode can be represented as  

  )Mc(M),Mc(M 1
12 n

2
n 

| Pt 

 and the cathodic halfcell reaction is 

  


 1n
12

2n
Me)nn(M  

 Examples of this type of halfcell when used as anode are Pt | Cr
2+

 (c1 M), Cr
3+

 (c2 M) ; 

Pt | Fe
2+

 (c1 M), Fe
3+

 (c2 M) ; Pt | Sn
2+

 (c1 M), Sn
4+

 (c2 M) etc. In such half cells, the oxidising and reducing 

agents are both metal ions.  

 Redox halfcell can also be made with organic molecules that can exist in two different oxidation 

states. A couple of hydroquinone (QH2) and quinone (Q) forms a redox halfcell. Its representation, when 

it functions as anode is 

  Pt | QH2(1 M), Q(1 M), H
+
 (c M) 

 and the anodic halfcell reaction is 
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 OH O 

O 

+ 2H+ + 2e 

OH 

  or QH2  Q + 2H
+
 + 2e


. 

 This redox electrode having organic molecules is called quinhydrone electrode because of the 

charged complex formed between quinone and hydroquinone.  

13.4 METALINSOLUBLE METAL SALT  ANION HALF CELL   

   

Let us take an example of such a halfcell, which functions as cathode, as  

Cl

 (c M) | AgCl | Ag. The assembly of this halfcell is made by dipping a rod of silver coated with a paste 

of saturated AgCl at the bottom, in a solution of ionic electrolyte like KCl, NaCl or HCl. The cation part in 

the electrolyte must have standard reduction potential less than the standard reduction potential of the 

cation of the metal salt. The halfcell assembly is shown in figure 7. 

 

Ag rod 

Paste of saturated AgCl 

Cl (c M) 

Figure 7.  Metalinsoluble metal saltanion halfcell 
 

 

The cathodic halfcell reaction is 

 AgCl(s)     Ag
+
  +  Cl


 ……..(i) 

 Ag
+
 + e


  Ag(s) ……..(ii) 

Net halfcell reaction:  AgCl(s) + e

  Ag(s) + Cl

 
……..(iii) 

 

Applying Nernst equation to the net halfcell reaction, gives  

 


Ag|AgCl|ClAg|AgCl|Cl
EE   ]Clln[

F

RT   ……..(i) 

(AgCl and Ag do not appear in the expression as they are pure solids) 

Now, if we are given 


Ag|Ag
E  , concentration of Cl


 and KSP of AgCl, how can we calculate the 

halfcell potential ).E(
Ag|AgCl|Cl for the reaction, AgCl(s) + e


    Ag(s) + Cl


.  

In Nernst equation, can ,E
Ag|Ag


  be replaced for 



.Ag|AgCl|Cl
E  ?  Let us see. 

 AgCl(s)     Ag
+
  +  Cl


 ; 


1G =  RT ln KSP 

 Ag
+
 + e


  Ag(s) ; 


2G =  


Ag|AgFE   

     AgCl(s) + e

  Ag(s) + Cl


 ; 


3G = 


Ag|ClAg|ClFE   

 
 

 

It is evident that

2G  is not equal to 


3G as 


1G is not zero. Thus, ,E

Ag|Ag


 is not equal to 


.Ag|AgCl|Cl

E   and we can not replace 


.Ag|AgCl|Cl
E   by .E

Ag|Ag


  
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But using Hess’s law, we can calculate 


.Ag|AgCl|Cl
E   as   

 

1G +


2G =


3G  

  RT ln KSP 


Ag|AgFE  = 


Ag|ClAg|ClFE   

Dividing this equation by F, 

    SPKln
F

RT
+ 


Ag|Ag

E  = 


Ag|ClAg|ClE   

Substituting the value of 


Ag|ClAg|ClE   in equation (i) gives 

  .E
Ag|AgCl|Cl

= 


Ag|Ag
E  + ]Clln[

F

RT
Kln

F

RT
SP

  

 .E
Ag|AgCl|Cl

= 


Ag|Ag
E   

SPK

][Cl
ln

F

RT 

 

Since, 


Ag|Ag
E  , concentration of Cl


 and KSP of AgCl are given, the reduction potential 

).E( Ag|AgCl|Cl  for the reaction, AgCl(s) + e

    Ag(s) + Cl


 can be calculated. 

Another metalinsoluble metal saltanion halfcell is calomel electrode, which is also used as a 

reference electrode. When calomel halfcell is used as cathode, it is represented as  

Cl

 (c M) | Hg2Cl2 | Hg and the cathodic halfcell reaction is 

 Hg2Cl2(s) + 2e

  2Hg(l) + 2Cl


. 

 

 
  Illustration 6   

  

 

Question: The KSP of CuI is 1.1  10
12

 M
2
. Determine EMF of the cell, represented as 

  Cu | CuI | I (1 M) || Cu
+
 (1 M) | Cu. 

Solution: The anode of the given cell is of metalinsoluble metal saltanion type halfcell while cathode is of 

the type metalmetal ion. The halfcell reactions at anode are 

   Cu(s)   Cu
+
 + e


 ; G1 =  Cu|CuFE  

   Cu
+
 + I


      CuI(s) ; G2 = 0 

   Net anode reaction:   Cu(s) + I

      CuI(s) + e


   ; G3 =  -

II |Cu|CuFE  

   According to Hess’s law, we know 

    G1 + G2 = G3 

      G1 = G3 (as G2 = 0) 

       Cu|CuFE =  -
II |Cu|CuFE  

   So, Cu|CuE  =  -
II |Cu|CuE  

  Since, the E value of Cu  Cu
+
 + e


 and E value of Cu + I


  CuI + e


 are same, the 

representation of anode can be changed from metalmetal insoluble salt  anion halfcell to 

metalmetal ion halfcell, provided the concentration of Cu
+
 in both the halfcells is same. 

  So, the complete cell can now be represented as 

   Cu | Cu
+ ||

]

KSP















I[ Cu
+
(1 M) | Cu 

  Reactions occurring at the two electrodes are 

   At anode: Cu    
  eCuA  

   At cathode: 
  eCuC     Cu 

   Net cell reaction:  

CCu    


ACu  

  Applying Nernst equation gives 
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   Ecell = 
]Cu[

]Cu[
ln

F

RT
EE

C

A

Cu|CuCu|Cu
AC





 


 

   Ecell = 
]Cu[

]Cu[
ln

F

RT
E

A

C
Cell 






 

   Ecell = 
]Cu[

]Cu[
ln

F

RT

A

C





 (as 

cellE  = 0) 

   Ecell = 
SP

C

K

][]Cu[
ln

F

RT   I
 = 0.059

12101.1

11
log




 

   Ecell = 0.705 V        
 

 

  
 

The cells whose 

cellE  is zero are called concentration cells. This means that the two 

compartments (cathode and anode) of the electrochemical cell involve same chemical species but the 

concentrations of the chemical species in the two compartments are different. The concentration cells are 

of basically two types. 
 

 (a) Electrode concentration cells and  (b)  Electrolyte concentration cells 

14.1 ELECTRODE CONCENTRATION CELLS  

  In such cells, two similar electrodes at different concentrations/pressures are dipped in the same 

solution with similar concentration. Let us have an electrochemical cell represented as 

   Pt | H2 (P1 atm) | H
+
 (c M) || H

+
(c M) | H2(P2 atm) | Pt 

  For the given cell, the reactions occurring are 

   At cathode: 

CH2  + 2e


    H2(P2) 

   At anode: H2(P1)  

AH2  + 2e


 

   Net cell reaction: H2(P1)  H2(P2) 

  Since the H
+
 concentration at the anode and cathode are same, so the net reaction is independent of 

the concentration of the electrolyte. Applying Nernst equation to the net cell reaction gives 

   Ecell(25°C) = 


)2P(2H|cH
E   



)1P(2H|H A

E   










1

2

P

P
log

2

059.0
 

   Ecell(25°C) = 

cellE 












1

2

P

P
log

2

059.0
 

   or Ecell (25°C) = 











1

2

P

P
log

2

059.0
 (since, 


cellE = 0) 

   Ecell(25°C) = 













2

1

P

P
log

2

0.059
 

 The EMF of the given cell would be positive when P1 > P2 and the cell reaction would be 

spontaneous. 

 Another example of the electrode concentration cell is that of an amalgam with two different 

concentrations of the same metal dipped in same electrolyte solution. 

 The cell is represented as 

  HgPb (c1 M) | PbSO4(c M) | HgPb (c2 M) 

 The reactions for the given cell are 

 At cathode: Pb
2+

(c) + 2e

  Pb(c2) 

 At anode: Pb(c1)  Pb
2+

(c) + 2e

 

 Net cell reaction:  Pb(c1)  Pb(c2) 

           CONCENTRATION CELLS 
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 Since, the concentration of Pb
2+

 for the two half cells is same as the electrolyte solution for the two 

compartments is same, so the net reaction is independent of the electrolyte concentration. Applying Nernst 

equation to the net cell reaction gives 

 Ecell(25°C) = 


)c(Pb|)c(Pb 2
2E 


)c(Pb|)c(Pb 1

2E  
1

2

c

c
log

2

059.0
 

 Ecell(25°C) = 

cellE  

1

2

c

c
log

2

059.0
  

 Ecell(25°C) = 
1

2

c

c
log

2

059.0
    (since 


cellE = 0) 

 

cellE (25°C)=

2

1

c

c
log

2

0.059
 

 The net cell reaction would be spontaneous, when the EMF of the cell is positive, which is possible 

only when c1 > c2. 
 

 
  Illustration 7   

  

 

Question: Calculate the EMF of the electrode concentration cell 

  HgZn (c1 M) | Zn
2+

(c M) | HgZn(c2 M) 

 at 25°C, if the concentration of the zinc amalgam are 2 g per 100 g of mercury and 1 g per 100 g of 

mercury in anode and cathode half cell respectively. 

Solution: The reactions at the two half cells are 

  At cathode: Zn
2+

(c) + 2e

  Zn(c2) 

  At anode: Zn(c1)  Zn
2+

(c) + 2e

 

  Net cell reaction: Zn(c1)  Zn(c2) 

  Applying Nernst equation to the net cell reaction gives 

   Ecell = 

cellE  

2

1

1

2

c

c
log

2

059.0

c

c
log

2

059.0
  (since 


cellE 0) 

   Ecell = 








4.65/1

4.65/2
log

2

059.0
= 8.8  10

3
 V 

 

14.2 ELECTROLYTE CONCENTRATION CELLS  

In such cells, two electrodes of the same metal are dipped in solutions of metal ions of different 

concentrations. Let us have an electrochemical cell represented as 

  Pt | H2(P atm) | HA(c1 M) || HB (c2 M) | H2(P atm) | Pt 

In such cells, HA and HB would represent strong acids, if their Ka’s are not given while they 

would be weak acids, if their Ka’s are mentioned. 

 For the given cell, the reactions occurring are  

 At cathode:  
  e2)c(H2 2c    H2(P) 

 At anode: H2(P)  
  e2)c(H2 1A  

 Net cell reaction:  

cH2   


AH2  (n=2) 

   or  

cH   


AH    (n=1)     

The net cell reaction is independent of the pressure terms as the pressure of H2 in the two half cells 

is same. 

Applying Nernst equation to the net cell reaction gives 

  Ecell(25°C) = 


2H|cH
E 



2H|H
A

E 
]H[

]H[
log

1

059.0

C

A





 = 

cellE   0.059 log

2

1

c

c
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  Ecell(25°C) = 0.059 log 
1

2

c

c
  (since 


cellE = 0) 

The net cell reaction would be feasible only when the EMF of the cell is positive, which is possible 

only when concentration of H
+
 in cathode compartment (c2) is greater than the concentration of H

+
 in anode 

compartment (c1). 
 

 
  Illustration 8   

 

Question: Calculate the EMF of the following galvanic cell 

  Zn | Zn
2+

(0.01M) || Zn
2+

(0.1M) | Zn 

 at 298 K. 

Solution: The reactions at the two half cells are 

  At cathode: 
2

CZn  + 2e

  Zn 

  At anode: Zn    
2

AZn  + 2e

 

  Net cell reaction: 
2

CZn  
2

AZn  

  Applying Nernst equation to the net cell reaction gives 

  Ecell = 

cellE

]Zn[

]Zn[
log

2

059.0
2
c

2
A





  

  Ecell = 
]Zn[

]Zn[
log

2

059.0
2
A

2
C





 (since 

cellE = 0) 

  Ecell = 
01.0

1.0
log

2

059.0
= 0.0295 V 

Let us consider another electrochemical cell as  

 Ag | Ag2CrO4 (saturated soln.) || AgCl(saturated soln.) | Ag  

and the solubility products of Ag2CrO4 and AgCl are (Ksp)1 and (Ksp)2 respectively.  

The saturated solution of Ag2CrO4 and AgCl, each will give some [Ag
+
] and the [Ag

+
] in the two 

compartments will not be same. So, the given cell would be an electrolyte concentration cell. For the given 

cell, the reactions occurring are 

 At cathode: 


CAg  + e

  Ag 

 At anode:  Ag  

AAg  + e


 

 Net cell reaction: 


CAg   

AAg   

 Applying Nernst equation gives 

  Ecell(25°C) = 
]Ag[

]Ag[
log059.0EE

C

A

gA|gAgA|cgA A 



 


 

  Ecell(25°C) = 

cellE  0.059 log

]Ag[

]Ag[

C

A





 

  Ecell(25°C) = 0.059 log
][Ag

][Ag

A

C





 (since 

cellE = 0) 

 The [Ag
+
] in anode and cathode halfcells is written in terms of Ksp as 

  Ag2CrO4(s)   2Ag
+
 +

2
4CrO  

  2x x 

   Let ‘x’ moles per litre be the solubility of Ag2CrO4. 

   (Ksp)1 = [Ag
+
]

2
]CrO[ 2

4
 = (2x)

2x = 4x 3
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   x = 3 1sp

4

)K(
 

  ]Ag[ A


= 2x = 2  3 1sp

4

)K(
 

 Similarly, let the solubility of AgCl be ‘y’ moles/litre. 

  AgCl(s)    Ag
+
 + Cl


 

   y y 

  (Ksp)2 = [Ag
+
] [Cl


] = y

2
 

  
 y = ]Ag[ C


 = 2sp )K(  

Substituting the values of ]Ag[ A


 and ]Ag[ C


in the expression of Ecell gives 
 

  Ecell = 0.059 log 

3

4

)(K
2

)(K

1sp

2sp



 

For the net cell reaction to be spontaneous, 2sp )K( has to be greater than 2  3 1sp

4

)K(
, so that 

the EMF of the cell would be positive. 

 
  Illustration 9   

 

 Calculate the potential of the cell, 

  Mn(s) | MnCl2 (0.001 M) | HCl (0.01 M) | O2 (0.25 atm) | Pt. 

 Given that E° = 1.185 V for Mn
2+

 | Mn couple and 1.229 V for the O2 | H2O, H
+
 couple.  

Solution:  

 We can replace the cathode of the given cell by the half cell, O2|H2O, H
+
 because we have already learnt in 

metalinsoluble saltanion electrode that the potential of the two half cells is same.  

Thus, the cell representation becomes Mn(s)| MnCl2 (0.001 M) || H
+ 
(0.01 M), H2O | O2 (0.25 atm) | Pt 

At anode: Mn  Mn
2+

 + 2e

 

At cathode:    2H
+
 + ½O2 + 2e


   H2O 

Net cell reaction: Mn + 2H
+
 + ½O2  Mn

2+
 + H2O 

 
2/1

2

2 )P(]H[

]Mn[
log

2

059.0
EEE

O
2

2

Mn|MnH,OH|Ocell 2
2 



 


 

 Ecell = 1.229(1.185)
25.0)10(

10
log

2

059.0
22

3





 

Ecell = 2.37 V 

 

  
 

A battery is an electrochemical cell, or a series of combined electrochemical cells, that can be used 

as a source of direct electric current at a constant voltage. The operation of a battery is similar in principle 

to that of the electrochemical cell except that they are completely self contained and require no salt bridge. 

There are generally two types of batteries. 

(a) Primary batteries and (b) Secondary batteries 

A primary battery acts as a source of electricity without being previously charged by  

an electric current from an external source. In such a battery, electrical energy is obtained at the expense of 

chemical reactivity as long as the active materials are present. A battery, which can be recharged, after it 

has been used once is called secondary battery. Certain chemical changes occur when the cell is charged 

with electricity and these changes are reversed during discharging process. 

           TYPES OF BATTERY 

 

    15 
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Various primary batteries in use are dry cell battery, nickelcadmium battery, mercury battery, fuel 

cell etc. The secondary battery, which is widely used is lead storage battery. 

15.1 DRY CELL BATTERY 

The most common dry cell (a cell without fluid component) is the Leclanche cell used in flash 

lights and transistor radios. The anode of the cell consists of a zinc can or container that is in contact with 

manganese dioxide (MnO2) and an electrolyte. The electrolyte consists of NH4Cl and ZnCl2 in water, to 

which starch (as inert filler) is added to thicken the solution to a paste like consistency so that it is less 

likely to leak. The anode is usually covered with a steel jacket to shield it from the atmosphere. The 

cathode is a graphite rod which serves as an inert electrode. The graphite rod is in the center of the cell and 

is surrounded by MnO2 and electrolyte. The interior section of a dry cell battery is shown in figure 8. 

At anode, zinc is oxidised to Zn
2+

 while at the cathode, Mn
+4

 from MnO2 is reduced to Mn
+3

 in the 

form of Mn2O3. 

At anode: Zn(s)  Zn
2+

 + 2e

 

At cathode: 2MnO2(s) + 

4NH2  + 2e


  Mn2O3(s) + 2NH3 + H2O 

Net cell reaction: Zn(s) + 2MnO2(s) + 

4NH2   Mn2O3(s) + Zn

2+
 + 2NH3 + H2O 

Actually, this equation is an over simplification of a complex process. The voltage produced by a 

dry cell is about 1.5 V. 

 
Zn (anode) 

graphite rod (cathode) 

layer of MnO2 

Moist paste of ZnCl2 and NH4Cl 

Figure 8.   Interior section of a dry cell battery 
 

The dry cell is not rechargeable, as the Zn
2+

 ions produced at the anode migrate through the 

electrolyte paste and combine with NH3 produced at the cathode to form the complex ion, [Zn(NH3)4]
2+

. 

One major problem with the dry cell is that if dry cell battery lie unused for over a year, it splits and leaks 

due to the following reaction between Zn and 

4NH  (from NH4Cl), which slowly eats away the zinc can. 

 Zn(s) + 

4NH2   Zn

2+
 + H2(g) + 2NH3 

This problem can be removed, if NH4Cl in the electrolyte paste is replaced by KOH. The cell is 

then referred as alkaline dry cell, which is more expensive than the acid form (containing acid salt, NH4Cl) 

but it lasts longer because there is no corrosion of Zn by 

4NH  ions. 

15.2 NICKELCADMIUM BATTERY 

Nickelcadmium battery is a portable and rechargeable battery. It is recently developed and has 

advantages over the dry cell battery. Although it is more expensive than a dry cell, the added expense is 

worthwhile as it can be recharged. It is used in electronic calculators and other battery powered devices. 

The reactions at the two electrodes are 

At anode: Cd(s) + 2OH
 
  Cd(OH)2(s) + 2e


 

At cathode: NiO2(s) + 2H2O + 2e

  Ni(OH)2(s) + 2OH


 

Net cell reaction: Cd(s) + NiO2(s) + 2H2O  Cd(OH)2(s) + Ni(OH)2(s) 

The cell reaction can be readily reversed because the reaction products [Ni(OH)2 and Cd(OH)2] 

adhere to the electrode surface. The nickelcadmium battery delivers a constant voltage throughout its life 

time since the voltage (EMF) is concentration independent as all the substances involved in the net cell 

reaction are pure solid or pure liquid. 
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15.3 MERCURY BATTERY 

The mercury battery consists of a zinc anode (amalgamated with mercury) in contact with strongly 

alkaline electrolyte containing zinc oxide and mercury (II) oxide. The cathode is a graphite rod, which 

serves as an inert electrode. The entire battery is contained in a stainless steel cylinder. The interior section 

of a mercury battery is shown in figure 9. 

 
Graphite rod (cathode) 

Electrolyte solution containing 
KOH and paste of ZnO & HgO. 

Figure 9.   Interior section of a mercury battery 

Zincmercury amalgam (anode)  

 

The cell reactions are 

At anode: Zn(Hg) + 2OH

  ZnO(s) + H2O + 2e


 

At cathode: HgO(s) + H2O + 2e

  Hg(l) + 2OH


 

Net cell reaction: Zn(Hg) + HgO(s)   ZnO(s) + Hg(l)  

The mercury battery provides a constant voltage of 1.35 V through out its life. This is possible 

because the net cell reaction involves only pure components (pure solids and pure liquids) and EMF of the 

cell is concentration independent. The mercury battery has higher capacity and longer life, which makes it 

ideal for use in pacemakers, hearing aids, electric watches etc. 

 

15.4 FUEL CELLS 

A hydrogenoxygen fuel cell consists of an electrolyte solution, such as KOH solution and two 

inert carbon electrodes. Hydrogen and oxygen gases are bubbled through the anode and cathode 

compartments, where the following reactions takes place. 

At anode: 2H2(g) + 4OH

  4H2O(l) + 4e


 

At cathode: O2(g) + 2H2O(l) + 4e

  4OH


 

Net cell reaction: 2H2(g) + O2(g)  2H2O(l) 

The standard emf of the cell is 1.23 V, which indicates that the cell reaction is spontaneous under 

standard conditions. The porous carbon electrodes serve as electrical conductors and also provide the 

necessary surfaces for the initial decomposition of the molecules into atomic species, prior to electron 

transfer. A hydrogenoxygen fuel cell assembly in shown in figure 10. 

 

O2 gas 

Porous carbon  
electrode containing  
Ni (cathode) 

KOH solution 

Porous carbon 
electrode containing 
Ni (Anode) 

H2 gas 

e e 

Figure 10. 
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Unlike batteries, fuel cells do not store chemical energy. Reactants must be constantly resupplied 

and products must be constantly removed from a fuel cell.  The fuel cells are not widely used, the most 

successful application of fuel cells till date has been in space vehicles to produce pure water, needed for the 

consumption by astronauts. The operation of a lead storage battery during discharging is shown in figure 

11. 

15.5 LEAD STORGE BATTERY 

The lead storage battery commonly used in automobiles consists of six identical cells joined 

together in series. It is a reversible cell, acting as electrochemical cell when discharged and it functions as 

electrolytic cell during charging process. The reactions occurring at anode and cathode get reversed during 

charging and discharging process. Each cell of a lead storage battery has a lead anode and a cathode made 

of lead dioxide powder packed in a metal plate (lead grid). The anode is also a lead grid with interstices 

filled with spongy lead. Both the cathode and the anode are immersed in an aqueous solution of sulfuric 

acid (35% by weight), which acts as an electrolyte. 

 

Powdered PbO2 

H2SO4 (35% by weight) 

Figure 11.   Lead storage battery during  

 discharging process 

Pb grid Pb grid 

Spongy lead 

 

 

During discharging of lead storage battery, at anode, Pb is oxidised to Pb
2+

 and an insoluble white 

precipitate of PbSO4 is formed, which remains within the lead grid. At cathode, Pb
4+

 (from PbO2) is 

reduced to Pb
2+

 and PbSO4 again precipitates out. As the cell is discharged, the interstices of both lead 

grids get filled with PbSO4. The reaction during discharging process are 

At anode: Pb(s) + 
2

4SO   PbSO4(s) + 2e

 

At cathode: PbO2(s) + 
2

4SO  + 4H
+
 + 2e


   PbSO4(s) + 2H2O(l) 

Net cell reaction:  Pb(s) + PbO2(s) + 2H2SO4  2PbSO4(s) + 2H2O(l) 

Under normal operating conditions, each cell produces a potential of 2V. Thus, a total of  

12 V from six cells is used to power the ignition circuit of the automobile and its other electrical devices. 

The lead storage battery is represented as 

 Pb | PbSO4 | H2SO4 (35% aqueous solution) | PbSO4 | PbO2, Pb 

The anode and cathode both are of the metalinsoluble saltanion type. 

The cell reactions are easily reversed, if the PbSO4 is freshly precipitated, but on long standing, 

PbSO4 changes its crystalline structure and ages to a less reactive form, which cannot be reconverted back 

into Pb and PbO2. 

Four aspects of the operation of a lead storage battery are worth noting. First, there is no salt bridge 

or porous barrier and both the electrodes are immersed in the same solution. This is because, the oxidizing 

agent (PbO2) and reducing agent(Pb) as well as their oxidation and reduction products (PbSO4) are pure 

solids and will not migrate to the other half cell. Second, the battery is rechargeable i.e. normal 

electrochemical reactions are reversed by applying an external voltage at the cathode and the anode. At this 

stage, battery functions as electrolytic cell. Third, as the battery is used, the electrolyte solution becomes 
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more dilute as H2O is produced and H2SO4 is used up. Thus, the density of electrolyte solution decreases 

and the degree to which the battery has been discharged can be checked by measuring the density of the 

electrolyte with a hydrometer. Fourth, the temperature coefficient for a lead storage battery is 1.5  10
4

 

V/°C i.e. there is a decrease in voltage of 1.5  10
4

 V for every degree drop in temperature. Thus, even for 

40°C change in temperature, the decrease in voltage amounts to only 6  10
3

 V, which is about 

100
12

106 3


 

= 0.05% of the operating voltage. This change is almost insignificant. With the decrease of 

temperature, the viscosity of the electrolyte increases and the ions move much more slowly in viscous 

medium, leading to a decrease in the power output of the battery. Thus, people living in cold climates 

sometimes have trouble in starting their cars. 

 
  Illustration 10   

 

Question: During the discharge of a lead storage battery, the density of H2SO4 falls from 1 g/cc to  

2 g/c.c.H2SO4 of density of 1 g/c.c is X% by weight and that of density of 2 g/c.c. is Y% by weight. 

The battery holds V litre of acid before discharging. Calculate the total charge released at anode of 

the battery. The reactions occurring during discharging are 

 At anode : Pb + 
2

4SO  PbSO4 + 2e

 

 At cathode: PbO2 + 4H
+
 + 

2
4SO + 2e


  

  
PbSO4 + 2H2O. 

Solution: Mass of acid solution before discharge of lead storage battery (LSB) = (V  10
3
  1) g 

   = (1000  V1) g 

 Mass of H2SO4 before discharge of LSB = 









100

X
V 1000 1 g 

   =  XV 10 1 g 

 Net reaction during discharging: Pb + PbO2 + 2H2SO4  2PbSO4 + 2H2O 

 From the reaction, it is evident that the moles of electron exchanged (lost at anode and gain at 

cathode) is equal to the moles of H2SO4 consumed or moles of H2O produced. Let the moles of 

H2SO4 produced be x, then 

 Mass of H2O produced during discharge of LSB = (18x)g 

 Mass of H2SO4 consumed during discharge of LSB = (98x)g 

  Mass of H2SO4 after discharge of LSB = [(10 V1X)  98x]g 

 Mass of acid solution after discharge of LSB = [(1000 V1)  98x + 18x] = [(1000 V1)  80x]g   

  % of H2SO4 after discharge of LSB = 100
eargdischaftersolutionacidofMass

eargdischafterSOHofMass 42   

  Y = 
  

  
100

80V 1000

98XV 1000

1

1






x

x
 

 x can be calculated as all other quantities are known. 

  Total charge released at cathode, Q  = nF = xF 

 

 

 

 

 

 

 

 

 

 

 



  
 

 

 
 

 
 

Electrochemistry and conductance 

 

   Gmail: harishankarb7@gmail.com  Contact No. : 9874249567 For any queries  Page number 31 

 

 
PROFICIENCY TEST II 

 

 The following 10 questions deal with the basic concepts of this section. Answer the following 

briefly. Go to the next section only if your score is greater than or equal to 8.  

Do not consult the study material while attempting the questions. 

 

1. True/False. The standard reduction potential of Cl

 | AgCl | Ag halfcell is related to that of Ag

+
 

| Ag halfcell through the expression  )AgCl(Kln
F

RT
EE SPAg|AgCl|ClAg|Ag

 


. 

2. True/False. The cell potential is given by Ecell = ERP(cathode)  ERP(anode). 

3. True/False. A halfcell reaction is A
(x + n)

  +  ne

   A

 x+
. It is possible to determine the value 

of n from the measurements of cell potential. 

4. True/False. In a galvanic cell, the halfcell with higher reduction potential acts as a reducing 

agent. 

5. True/False. In an electrode concentration cell, the cell reaction Zn(c1)  Zn(c2) will be 

spontaneous if c1 > c2. 

6. A cell in which two electrodes of the same metal are dipped in solutions of metal ion of different 

concentrations in called . 

7. The halfcell involving the reaction, 

  .)aq(OCr 2
72


 + 14H
+
(aq.) + 6e


  2Cr

3+
(aq.) + 7H2O 

 is represented as . 

8. During discharge of lead storage battery, the overall reaction is .  

9. In the calomel halfcell, the reduction reaction is . 

10. Temperature coefficient and change in enthalpy are related by the expression .                  
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ANSWERS TO PROFICIENCY TESTII 

 
 

 1. False 

 2. True 

 3. True 

 4. False 

 5. True 

 6. Electrolyte concentration cell 

 7. .)aq(OCr 2
72


, Cr
3+

(aq.), H
+
 | Pt 

 8. Pb(s) + PbO2(s) + 2H2SO4    2PbSO4(s) + 2H2O (l) 

 9. Hg2Cl2(s) + 2e

  2Hg(l) + 2Cl


(aq.) 

 10. H = nF 
















E

dT

dE
T    
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SOLVED OBJECTIVE EXAMPLES 

 

Example 1:  

 An aqueous solution containing one mole per litre each of Cu(NO3)2, AgNO3, Hg2(NO3)2, Mg(NO3)2 is 

being electrolysed by using inert electrodes. The value of standard potentials are  

 2.3V.Ea0.34VE,0.79VE0.80V,E o

Mg|2Mg

o

Cu|2Cu

o

Hg|2
2

Hg

o

Ag|Ag



nd  

 With increasing voltage, the sequence of deposition of metals on the cathode will be  

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

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

Solution:  

 The metal ions will be preferentially discharged on cathode in the order of their decreasing reduction 

potentials. The order of deposition of metals will be Ag, Hg and Cu. Mg will not be deposited because H
+
 

will be preferentially discharged to release H2 and in an aqueous solution, H
+
 will never get completely 

consumed during the time period of electrolysis.  

  (c) 

 

Example 2:  

 The standard EMF of the cell in which the reaction, 

O4H5FeMn8H5FeMnO 2
322

4  
 occurs is 0.59 V at 25°C. The equilibrium 

constant for the given reaction is approximately  

 (a) 50 (b) 10 

 (c) 10
50

 (d) 10
5 

Solution:  

 For the given cell reaction,  

 G° = nF eqcell KlnRTE
o

  

 5  96500  0.59 = 2.303  8.314  298 log Keq 

 Keq = 7.8  10
49

  10
50

 

  (c)  

 

Example 3:  

 The standard reduction potentials of Cu
2+

 | Cu and Cu
2+

 | Cu
+
 are 0.34 and 0.16 V respectively. The 

standard electrode potential of Cu
+
 | Cu half cell is  

 (a) 0.18 V (b) 0.82 V 

 (c) 0.52 V (d) 0.49 V 

Solution:  

 The reactions among various half cells are related as 

 Cu
2+

 + 2e

  Cu ; 34.0F2G1 


 =  0.68 F 

 Cu
+
  Cu

2+
 + e


 ; 16.0FG2 


 = 0.16 F 

 

 Cu
+
 + e

 
 Cu ;  FEF52.0GGG 213


 

 

 E° = 0.52 

 (c) 

 

Example 4:  

 The EMF of the cell, Ag | AgCl (saturated solution) || Cl

 (c1 M) | AgCl | Ag is given by  

 (a) 
1

SP
cell

c

K
log

1

0.059
E   (b) 

SP

1
cell

K

c
log

1

0.059
E   
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 (c) 
1

SP
cell

c

K
log

1

0.059
E   (d) 

SP

1
cell

K

c
log

1

0.059
E   

 where KSP is the solubility product of AgCl. 

Solution:  

 The given cell can be reduced to  

 Ag | AgCl (satd. solution) || Ag
+
 















 ]Cl[

KSP  | Ag 

 The reactions occurring at the two electrodes are 

 At anode:  Ag    eAgA  

 At cathode:    eAgC   Ag 

 Net cell reaction: 
CAg   

AAg  

  
]Ag[

]Ag[
log059.0

]Ag[

]Ag[
log059.0EE

A

C

C

Ao
cellcell 







  

 [Since, it is a concentration cell for which ]0Eo
cell   

  
]Cl[

K
log059.0

K]Cl[

K
log059.0E

SP

SP

SP
cell 

  = 0.059 log
1

SP

c

K
  

  (c)  

 

Example 5:  

 If the pressure of H2 gas is increased from 1 atm to 100 atm keeping H
+
 concentration 

constant at 1 M, the change in reduction potential of hydrogen half cell at 25°C will be  

 (a) 0.059 V (b) 0.59 V 

 (c) 0.0295 V (d) 0.118 V 

Solution:  

 The half cell reaction for hydrogen half cell acting as cathode is 

 2H
+
 + 2e


  H2 

  
2

Ho

H|HH|H ]H[

P
log

2

059.0
EE 2

22    

  
2H|H ]H[

1
log

2

059.0
E

2    

 Now, when the pressure of H2 gas is changed to 100 atm without changing [H
+
], the reduction potential 

becomes 

  
2H|H ]H[

100
log

2

059.0
E

2    

  Change in reduction potential = 
2H|H

E
2H|H

E   = 

















 1

]H[

]H[

100
log

2

059.0 2

2
= 0.059 V 

  (a) 

 

Example 6: 

 When an aqueous solution of lithium chloride is electrolysed using graphite electrodes  

 (a) Cl2 is liberated at the anode.   

 (b) Li  is deposited at the cathode.  

 (c) as the current flows, pH of the solution around the cathode increases. 

 (d) as the current flows, pH of the solution around the cathode decreases. 
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Solution:  

 Aqueous solution of LiCl contains Li
+
, H

+
, Cl


 and OH


 ions. H

+
 would be preferentially reduced at cathode 

while at anode, OH

 ions would be oxidised, so H2 and O2 gases are liberated at cathode  

and anode respectively. As the current flows, H
+
 ions around the cathode gets discharged to give H2 gas, so 

the pH of the solution around the cathode increases. 

  (c) 

 

Example 7: 

 A galvanic cell is composed of two hydrogen electrodes of which cathode is a standard 

hydrogen electrode. In which of the following solutions should the other half cell be immersed to get 

maximum EMF? 

 (a) 0.1 M C6H5CO2H (b) 0.1 M CH3CO2H  

 (c) 0.1 M HCO2H (d) 0.1 M H2C2O4 

Solution:  

 The given galvanic cell is represented as 

  Pt | H2(1 atm) | acid(0.1M) || H
+
(1M) | H2(1 atm) | Pt 

 At anode: ½ H2  
 eHA  

 At cathode:   eHC  ½ H2 

 Net cell reaction: 
CH   



AH  

 This is an electrolyte concentration cell whose 

cellE  will be zero. 

 Ecell = 0.059 log 
]H[

]H[

A

C





 

The ]H[ C


 is fixed at 1 M, so to get the maximum emf of the cell ]H[ A


 should be least. So the acid must be 

weakest among all. Order of acidity of the given acids is 

H2C2O4 > HCO2H > C6H5CO2H > CH3CO2H 

 (b)     

 

Example 8:  

 For the cell Tl | Tl +
 || Cu

2+
 | Cu, Ecell at 25°C is 0.83V. The EMF of the cell can be increased 

by 

 (a) increasing [Cu
2+

]    

 (b) increasing [Tl +]  

 (c) decreasing [Cu
2+

]    

 (d) increasing temperature to 35° C 

 [Assume that at 35°C, E°cell is same as at 25°C] 

 

Solution: 

 The reaction at both the electrodes are 

 At anode: 2Tl   2Tl
+
 + 2e


 

 At cathode: Cu
2+

 + 2e

  Cu 

 Net cell reaction: 2Tl + Cu
2+

   2Tl
+
 + Cu 

 Applying Nernst equation gives, 

 Ecell = 


Cu|Cu2E  


ll T|T
E  

]Cu[

]T[
ln

F2

RT
2

2



l
 

 Thus, it is evident from this equation that Ecell can be increased either by increasing [Cu
2+

] or by decreasing 

[Tl
+
] or by decreasing the temperature. 

  (a)     
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Example 9:  

 The fraction of a mole of iron metal produced by the passage of 4 A of current through 1 

litre of 0.1 M Fe
3+

 solution for 1 hour would be approximately (assume that only iron is reduced).  

 (a) 0.05 mole  (b) 0.025 mole  

 (c) 0.035 mole     (d) 0.07 mole  

 

Solution: 

 The reduction of Fe
3+

 (in general, any ion) takes place in steps. 

   Fe
3+

           +       e

                   Fe

2+
 

 Initial moles  0.1     
96500

36004 
= 0.15 0 

 After the reaction  0 0.15  0.1 0.1 

   = 0.05 

   Fe
2+

       +         2e

         Fe 

 Initial moles  0.1                 0.05 0 

 After the reaction  0.1
2

05.0
 0 

2

05.0
= 0.025 

   = 0.075 

 Thus, mole of Fe produced are 0.025. 

   (b)  

 

Example 10:  

 An aqueous solution containing Na
+
, Sn

2+
, Cl


 and SO4

2
 ions, all at unit concentration, is  

electrolysed between a silver anode and a platinum cathode. What changes occur  

at the electrodes when current is passed through the cell? Given: ,V0.799E
Ag|Ag 

  

 0.13VE2V,EV,1.36EV,0.14E o

SnSO|OS
o

Cl|ClSn|Sn 2Sn|
4–2

4
–2

822
2  

   

 (a) Sn
2+

 is reduced and Cl

 is oxidized.   

 (b) Ag is oxidized and Sn
2+

 is reduced.   

 (c) Sn
2+

 is reduced and Sn
2+

is oxidized.       

 (d) H
+
 is reduced and Sn

2+ 
is oxidized.  

 

Solution:  

 At anode, either Ag can get oxidised to Ag
+
 or Sn

2+
 to Sn

4+
 or Cl


 to Cl2 or 2

4SO to .OS 2
82
   

Their respective oxidation potential values are  0.799 V,  0.13 V, 1.36 V and 2 V.  

From these values, it is evident that Sn
2+

 would be oxidised first, followed by Ag at anode.  

At cathode, either Na
+
 can get reduced to Na or Sn

2+
 to Sn or H

+
 to H2.  

The reduction potential value for Na
+
 is highly negative while for Sn

2+
|Sn is  0.14 V and for  

H
+
 + e


  ½ H2 













7|H
10

1
log059.0E

2H  is  0.413 V. Thus, Sn
2+

 will get reduced at cathode 

followed by H
+
. 

 (c) 
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SOLVED SUBJECTIVE EXAMPLES 

 

Example 1:  

 Calculate the EMF of the electrode concentration cell,  

  ZnHg(c1 M) | Zn
2+

(aq) | Hg Zn(c2 M) 

 at 25°C, if the concentrations of the zinc amalgam are : c1 = 10 g per 100 g of mercury and  

c2 = 1 g per 100 g of mercury.  

Solution:  

 The cell reactions in the given electrode concentration cell are 

 At cathode:  Zn
2+

 + 2e

  Zn(c2)  

 At anode:  Zn(c1)  Zn
2+

 + 2e

  

 Net cell reaction:  Zn(c1)  Zn(c2) 

  
2

1
cell

c

c
log

2

059.0
E   (since 


cellE = 0)   

  Ecell  = 








1

10
log0295.0 = 0.0295 V 

Example 2:  

 Copper sulphate solution (250 mL) was electrolysed using a platinum anode and a copper cathode. A 

constant current of 2 mA was passed for 16 minutes. It was found that after electrolysis the 

absorbance of the solution was reduced to 50% of its original value. Calculate the concentration of 

copper sulphate in the original solution.  

Solution:  

 The reactions occurring at the anode and cathode would be 

 At anode: 2OH

  ½O2 + H2O + 2e


 

 At cathode: Cu
2+

 + 2e

  Cu 

 Total charge passed = 5
3

109896.1
96500

6016102 





 

 Mole of Cu
2+

 deposited = 
2

109896.1 5
 

 The absorbance of the solution is directly proportional to concentration of solution. Since absorbance was 

reduced to 50% of its original value, the initial moles of Cu
2+

 would be two times the moles of Cu
2+

 

deposited (reduced).  

 Initial moles of Cu
2+

 = 
2

109896.1 5
 2 = 1.9896  10

5
 

 [CuSO4] = 
250

1000109896.1 5  

= 7.958  10
5

 M 

Example 3:  

 By how much is the oxidising power of the 
 2

4 Mn|MnO couple decreased if the H
+
 concentration is 

decreased from 1 M to 10
4

 M at 25°C. Assume that the concentration of other species do not change. 

Solution:  

 In acidic medium, 

4MnO  acts as oxidizing agent and reduces to Mn

2+
 as per the reaction  

  OH4Mne5H8MnO 2
2

4  
 

  
 2Mn|4MnO

E
8

4

2
o

Mn|4MnO ]H[]MnO[

]Mn[
log

5

059.0
E

2 







 

  
8

4

2
o

Mn|4MnO )1(]MnO[

]Mn[
log

5

059.0
E

2 







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 
2Mn|4nOM

E
84

4

2
o

Mn|4MnO ]10[]MnO[

]Mn[
log

5

059.0
E

2 







 

  







   22 Mn|4nOMMn|4nOM

EE V3776.0
)10(]MnO[

]Mn[

]Mn[

)1(]MnO[
log

5

059.0
84

4

2

2

8
4 






















 

 Thus, the oxidizing power of  2
4 Mn|MnO couple decreases by 0.3776 V from its standard value. 

 

Example 4:  

 EMF of the following cell is 0.67 V at 298 K. 

  Pt | H2 (1 atm) | H
+
 (pH = X) || KCl (1 N) | Hg2Cl2(s) | Hg 

 Calculate pH of the anode compartment. Given: 
o

Hg|2Cl2Hg|Cl
E


= 0.28 V. 

Solution:  

 The reactions occurring in the electrochemical cell are 

 At anode:  H2  2H
+
 + 2e


 

 At cathode:  Hg2Cl2 + 2e

  2Hg + 2Cl

 

 Net cell reaction: H2 + Hg2Cl2  2H
+
 + 2Hg + 2Cl


 

  

2
222

H

22
o

H|H

o

Hg|ClHg|Clcell P

]H[]Cl[
log

2

059.0
EEE



   

 (Hg and Hg2Cl2 do not appear as they are pure liquid and pure solid respectively) 

 0.67 = 0.28  ]H[log059.028.0
1

)1(]H[
log

2

059.0 22







 

 0.67 = 0.28 + 0.059 pH 

  pH = 6.61 

 

Example 5:  

 The EMF of the cell, Hg | Mercurous nitrate (0.01 M) || Mercurous nitrate (0.1 M) | Hg  

was found to be 0.0295 V at 25°C. Calculate the molecular formula of mercurous nitrate.  

Solution:  

 Let the formula of mercurous nitrate be Hgn(NO3)n. 

 For the given cell, the reactions occurring at two electrodes are  

 At anode:   nHg    ne)Hg( A
n
n  

 At cathode:    ne)Hg( C
n
n  nHg 

 Net cell reaction:  C
n
n )Hg(   A

n
n )Hg(   

 So, this is an electrolyte concentration cell for which .0Ecell 


 The Ecell will be given as  

  
])Hg[(

])Hg[(
log

n

059.0
E

C
n
n

A
n
n

cell 



  

 0.0295 = 
01.0

1.0
log

n

059.0

])Hg[(

])Hg[(
log

n

059.0

A
n
n

C
n
n 




 

 n = 2  

Thus, the formula of mercurous nitrate is Hg2(NO3)2. 
 

Example 6:  

 A current of 1.7 Ampere is passed through 300 ml of 0.16 M solution of ZnSO4 for 230 sec with a 

current efficiency of 90%. Find the molarity of Zn
2+

 after the deposition of Zn. Assume that the 

volume of the solution remains constant during electrolysis.  

Solution:  

 In order to solve such problems, it has to be assumed that anode is made up of some inert material (like 

graphite, Pt etc), which is incapable of getting oxidized while cathode is made up of zinc strip.  
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 Another assumption is that the solution of ZnSO4 being aqueous contains cations H
+
 and Zn

2+
 but the ion 

that get discharged at cathode is Zn
2+

 and not H
+
, since otherwise the molarity of solution will not change. 

This means that the reduction potential of Zn
2+

 is higher than that of H
+
.  

 The third assumption is that the volume of solution remains unchanged during electrolysis. This assumption 

is already mentioned in the problem. 

 When current is passed, the following reactions occur at cathode and anode. 

 At cathode:  Zn
2+

 + 2e

  Zn 

 At anode:  2OH

  H2O + ½O2 + 2e


 

 Mole of electrons passed = 
96500100

230907.1




 

 Mole of Zn
2+

 reduced = 31082.1
296500100

230907.1 



 

 Initial moles of Zn
2+

 in the solution = 300  10
3

  0.16 = 0.048 

 Moles of Zn
2+

 left in the solution = 0.048  1.82  10
3

 = 0.04618 

 Molarity of Zn
2+

 solution after deposition of Zn = 
300

1004618.0 3
 = 0.154 M 

Example 7:  

 Find the solubility product of a saturated solution of Ag2CrO4 in water at 298 K, if the EMF of the cell, 

Ag | Ag
+
 (Satd. Ag2CrO4 solution) || Ag

+
 (0.1 M) | Ag is 0.164 V at 298 K. 

Solution:  

 For the given cell, the reactions occurring at the anode and cathode are  

 At anode:  Ag    eAgA  

 At cathode:   eAgC  Ag 

 Net cell reaction: 
  AC AgAg  

 Thus, it is an electrolyte concentration cell with .0Eo
cell   

  
]Ag[

]Ag[
log

1

059.0

]Ag[

]Ag[
log

1

059.0
E

A

C

C

A
cell 










  

The anode compartment have saturated solution of Ag2CrO4, supplying Ag
+
 ion concentration.  

Let the solubility of Ag2CrO4 be x moles/litre. 

 Ag2CrO4(s)   2Ag
+
 + 2

4CrO  

   2 x x 

 KSP = 322
4

2
A 4)2(]CrO[]Ag[ xxx   

  3 SP
A

4

K
22]Ag[  x  

 

  

3 SP

cell

4

K
2

1.0
log

1

059.0
164.0E



   

 KSP = 2.29  10
12

 M
3 

 

Example 8:  

 An acidic solution of Cu
2+

 salt containing 0.4 g of Cu
2+

 is electrolysed until all the Cu is deposited. The 

electrolysis is continued for seven more minutes with the volume of solution kept at 100 ml and the 

current at 1.2 ampere. Calculate the volume of gases evolved at NTP during entire electrolysis.  

Solution:  

 The problem does not mention about the acidic salt of Cu
2+

 i.e. what kind of acidic salt is this. Does the 

acidic salt have chloride, sulphate or nitrate as anion against the cation Cu
2+

 and the answer will solely 

depend on the assumption we make in the beginning about the acidic salt. First, let us assume that the salt is 

of cupric chloride (CuCl2). 
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 In the I part of electrolysis, the reactions occurring at the two electrodes are 

 At cathode: Cu
2+

 + 2e

  Cu 

 At anode:  2Cl

  Cl2 + 2e


 

 [The reaction occurring at anode is the oxidation of Cl

 in preference to OH


 since the standard oxidation 

potential of Cl

 > OH


] 

 Mole of Cu
2+

 reduced at cathode = 
5.63

4.0
 

 Mole of electrons required at cathode =
5.63

4.02 
 = Mole of electrons released at anode  

 Mole of Cl2 liberated at anode = 
5.63

4.0

25.63

14.02





 

Volume of Cl2 liberated at STP at anode = ml14122400
5.63

4.0
  

In second part of electrolysis, when current is passed for 7 more minutes, the H
+
 will be reduced at cathode 

since Cu
2+

 ions are discharged completely and OH

 ions are oxidized at anode since Cl


 is also completely 

oxidized. The reactions occurring are  

At cathode: 2H
+
 + 2e


  H2 

At anode: 2OH

  H2O + ½O2 + 2e

 

Mole of electrons passed = 
96500

6072.1 
 

Volume of H2 at STP released at cathode = ml49.5822400
296500

6072.1





 

Volume of O2 at STP released at anode = ml245.2922400
496500

6072.1





 

 Total volume of gases (Cl2 + O2 + H2) liberated at STP during entire electrolysis  

   = 141 + 59.49 + 29.245 = 229.735 ml 

 Second, let us assume that the salt is that of CuSO4. 

In part I of electrolysis, the ions discharged at cathode and anode are Cu
2+

 and OH

 respectively.  

At cathode: Cu
2+

 + 2e
+
  Cu 

At anode: 2OH

  H2O + ½O2 + 2e


 

  Mole of O2 liberated at anode = 
25.63

4.0

45.63

4.02







 

 Volume of O2 at STP liberated at anode = ml55.7022400
25.63

4.0



 

In part II of electrolysis, the H
+
 and OH


 ions are discharged at cathode and anode respectively. 

At cathode: 2H
+
 + 2e


  H2 

At anode: 2OH

  H2O + ½O2 + 2e

 

Volume of H2 at STP released at cathode = ml49.5822400
296500

6072.1





 

Volume of O2 at STP released at anode = 29.245 ml 

 Total volume of gases (H2 + O2) released at STP during entire electrolysis 

= 70.55 + 58.49 + 29.245 = 158.285 ml 

 [Note: If we assume the salt to be Cu(NO3)2, the volume of gases liberated (at STP) still remains same as in 

the case of CuSO4 (158.235 ml) as 

3NO  is also resistant to oxidation (just like 

2
4SO ) and OH


 oxidises in 

preference to

3NO ]. 

Example 9:  

 A lead storage cell is discharged which causes the H2SO4 electrolyte to change from a concentration of 

34.6% by weight (density 1.261 g ml
1

 at 25°C) to one of 27% by weight. The original volume of 

electrolyte is one litre. Calculate the total charge released at anode of the battery. Note that the water 

is produced by the cell reaction as H2SO4 is used up. Over all reaction is  
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  Pb(s) + PbO2(s) + 2H2SO4(l)    2PbSO4(s) + 2H2O(l) 

Solution:  

 Before the discharge of lead storage battery, 

 Mass of solution = 1000  1.261 = 1261g 

 Mass of H2SO4 = g3.436
100

6.341261



 

 Mass of water = 1261  436.3 = 824.7 g 

 After the discharge of lead storage battery, 

 Let the mass of H2O produced as a result of net reaction during discharge  

  (Pb + PbO2 + 2H2SO4   2PbSO4 + 2H2O) is x g. 

 Moles of H2O produced = 
18

x
 = Moles of H2SO4 consumed  

Mass of H2SO4 consumed = 
18

x
  98 

Now, mass of solution after discharge = 1261  x
x


18

98
 

% by mass of H2SO4 after discharge = 27100
eargdischaftersolutionofMass

leftSOHofMass 42   

   = 27100

18

98
1261

18

98
3.436







xx

x

 

  x = 22.59 g 

From the reaction, it is evident that the moles of electron exchanged at anode or cathode is two and this is 

also the moles of H2O produced or moles of H2SO4 consumed.  

 Moles of electrons released at anode = 
18

59.22
 

 Total charge released at anode = 
18

59.22
 96500 = 1.21  10

5
 Coulomb 

Example 10:  

 For a saturated solution of AgCl at 25°C, specific conductance is 3.41  10
6

 ohm
1

 cm
1

 and that of 

water used for preparing the solution was 1.6  10
6

 ohm
1

 cm
1

. What is the solubility product of 

AgCl? Given: (AgCl)Λ eqv


= 138.3 ohm

1
 cm

1
 equiv

1
.  

Solution:  

 Specific conductance of AgCl = Specific conductance of solution  specific conductance of H2O. 

  = (3.41  1.6)  10
6

 = 1.81  10
6

 ohm
1

 cm
1

. 

 For saturated solution of sparingly soluble salt, 

  eq = 
 eq  

 and concentration of AgCl = solubility of AgCl. 

  
 eq  =

AgClofilitylubSo

AgClofcetanconducspecific1000
 (since molarity = normality for AgCl) 

  138.3 =
s

1081.11000 6
 

  s = 
3.138

1081.11000 6
 = 1.31  10

5
 mol/lit 

 The solubility equilibrium of AgCl is shown as 

   AgCl(s)    Ag
+
(aq) + Cl


(aq) 

 KSP = [Ag
+
] [Cl


] = s  s = s

2
 

  = (1.31  10
5

)
2
 = 1.72  10

10
 M

2
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Example 11:  

 Find the equilibrium constant for the reaction,  In
2+

 + Cu
2+

      In
3+

 + Cu
+
, at 298 K. 

 Given: 


/CuCu2E = 0.15 V  ;  


 n/n3E
II

= 0.42 V & 


 n/n2E
II

= 0.40 V.   

Solution: 

 In
+3

 + 2e

    In

+1
 ……(1) 

 In
+2

 + e

      In

+1
 ……(2) 

 In
+2

    In
+3

  +  e

 ……(3) [can be obtained by subtracting equation (2) from equation (1)]   

 

 FE° = 2F(0.42) + F(0.40) ;  E° = 0.84 + 0.4 = 0.44 V 

 In
+2

 + Cu
+2

    In
+3

 + Cu
+
 ;  E° = 0.15 + 0.44 = 0.59 V 

 n F E°  = RT ln K  ;  
059.0

59.0
= log K  ;   K = 10

10
.    

Example 12:  

 In the cell,  

  Tl | Tl+ (0.1 M) || Sn+2 (0.01 M) | Sn 

 a current of 40 mA is flowing from tin to thallium electrode. An external battery of 1.2 V emf  

is connected to the cell so that its polarity is opposite to the natural polarity of the  

cell. If 0.38 g of thallium is deposited in one hour at 25°C, determine efficiency of thallium electrode.  

(Atomic mass of Tl = 204)    

Solution: 

 For reversible cells, if an external voltage of opposing polarity is attached to the cell,  

a current flowing from thallium to tin electrode is given as:   

  I = 
R

EE b
 …(i) 

 where E = Applied voltage = 1.2 V, Eb = Back emf  (i.e. reversible emf of cell) and R = Cell resistance. 

 Calculation of R: 

 For cell :  Tl | Tl
+
 (0.1 M) || Sn

+2
 (0.01M) | Sn 

 Eb = Ecell = 
o

cellE  
2/12 ]Sn[

]T[
log

1

0591.0


l
= (0.340  0.140)  0.059 log 

2/1)01.0(

1.0
 

  Eb =  0.2 V 

  I  = 
R

Ecell      R  = 
I
cellE

 = 
31040

2.0


 

   R = 5   

 Using the value in equation (i), 

  I  = 
5

2.02.1 
 = 0.2 A. 

 Charge passed for 1 hour = 0.2  3600 C = 720 Coulomb  

 Equivalent of thallium deposited = 
96500

720
 

 Weight of thallium deposited = 204
96500

720
  = 1.52 g. 

 Efficiency of thallium electrode = 100
52.1

38.0
 = 25%. 

 

 

 

 



  
 

 

 
 

 
 

Electrochemistry and conductance 

 

   Gmail: harishankarb7@gmail.com  Contact No. : 9874249567 For any queries  Page number 43 

 
MIND MAP 

 

 

 
1. Electrolysis is the process in which 

electrical energy is converted into chemical 
energy. Cations (+ve ions) migrate to 

cathode (ve electrode) and get reduced & 

anions (ve ions) migrate to anode (+ve 
electrode) and get oxidized. Sometimes the 
anode itself may be oxidized if it is  
an attackable electrode.  

2. The reduction of cations is based on the  
standard reduction potentials provided all 
ions have 1 M concentration, which 
follows the order  

 Li
+
 < K

+
 < Ba

2+
 < Ca

2+
 < Na

+
<Mg

2+
< Al

3+
 < 

Zn
2+

< Fe
2+

< Ni
2+

< Sn
2+

< Pb
2+

< H
+
< Cu

2+
< 

(Fe
3+


 
Fe

2+
)
 
< 

 
Hg2

2+ 
< Ag

+
<Au

3+
 

3. For anions the oxidation is based on 
standard oxidation potentials provided 
they are at 1 M concentration, which 

follows the order SO4 
2 < NO3

 < OH < 

Cl< Br< I .  

7. Enthalpy change, H = 















E

dT

dE
TnF  

 and entropy change, S = 








dT

dE
nF  

  

6. For a halfcell of the type ,  

Cl
-
 (c1)|AgCl|Ag its halfcell potential is 

equal to the halfcell potential of  
Ag

+
 (Ksp/c1) | Ag but the E° of the two 

halfcells are not same. 
  

 ELECTROCHEMISTRY  
4. Electrochemical cells are those in which 

chemical reactions produce electric 
current. For a galvanic cell of the type,  
A | A

n+
 || B

n+
 | B the EMF is given by Nernst 

equation as 

 
]

]
n

n
o

A|A

o

B|B
B[

A[
log

n

059.0
EE

cell
E nn 



   

 where the net cell reaction is 

 A + B
n+

  A
n+

 + B  

5. For a reduction or oxidation or redox 

reaction, G = nFE and G
o
 = nFE

o
. For 

a reaction in which reduction or oxidation 
does not occur, EMF is not defined.   

9. Lead storage battery is a reversible cell, 
functioning as electrochemical cell during 
discharging and as electrolytic cell during 
charging.  

8. Concentration cells are those whose 


cellE

 

is zero. They are categorized as  
Electrode and electrolyte concentration 
cells.  
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EXERCISE – I 

 

 

CBSE PROBLEMS  

 

1. How much quantity of a metal (in g) is deposited by 1 C and what it is called? 

 

2. Name a method to measure molar conductance of a weak electrolyte at infinite dilution.  

 

3. What are the products of electrolysis of (i) NaCl(aq) and (ii) NaCl molten? 

 

4. What is rG° for (a) galvanic cell (b) Electrolytic cell. 

 

5. How can we increase the reduction potential of a half cell M | M
n+

(aq)?  

 

6. Which reduction reaction takes place in SHE (or NHE)? 

 

7. What will be the products of electrolysis of CaSO4(aq)? 

 

8. Determine the quantity of Cu(s) deposited when current of 5 amp flows through  

an aqueous CuSO4 solution electrolyte for 30 minutes. (atomic weight Cu = 63.5). 

 

9. Differentiate between electrochemical and electrolytic cells. 

 

10. Given that 
o

Zn/Zn2E   = 0.76 V, 
o

Cu/Cu2E   = 0.34 V. Can aqueous solution of CuSO4 be stored in 

zinc vessel? Explain briefly. 

 

11. To protect iron from rusting we use either zinc or tin to cover its surface. Which one is better and 

why? 

 

12. Molar conductivity of acetic acid solution at infinite dilution is 390.7 ohm
1

 cm
2
 mole

1
. Calculate 

molar conductivity of 0.01 M acetic acid. Ka(CH3COOH) = 1.8 × 10
5

. 

 

13. What are galvanic cells? Describe construction of Danielcell giving the reactions involved.  

How is the cell represented? 

 

14. 
2

72OCr  + 14H
+
  + 6e


  Cr

3+
  +  7H2O  ;   E° = 1.33 V. 

 6I

      3I2   +  6e


   ;    E° = 0.54 V 

 Find out equilibrium constant for the above cell and also find rG° for the same. 

 

15. Define Kohlrausch’s law of independent migration of ions.  

  



  
 

 

 
 

 
 

Electrochemistry and conductance 

 

   Gmail: harishankarb7@gmail.com  Contact No. : 9874249567 For any queries  Page number 45 

 
EXERCISE – II 

 

 

JEE & NEET-SINGLE CHOICE CORRECT 

 

1. A solution of sodium sulphate in water is electrolysed using inert electrodes. The products at the 

cathode and anode are respectively 

 (a) H2, O2 (b) O2, H2 

 (c) O2, Na (d) O2, SO2 

 

2. In an electrolytic cell, which of the following statement is not true? 

 (a) Cathode is negative terminal.  

 (b) Cathode is positive terminal. 

 (c) Reduction occurs at cathode.  

 (d) Electrons enter into cathode from the external cell. 
 

3. The density of Cu is 8.94 g cm
3

. The quantity of electricity needed to plate an area  

10 cm  10 cm to a thickness of 10
2

 cm using CuSO4 solution would be  

 (a) 13586 C (b) 27172 C 

 (c) 40758 C (d) 20348 C 

 

4. During electrolysis of an aqueous solution of sodium sulphate, 2.4 L of oxygen at STP was 

liberated at anode. The volume of hydrogen at STP, liberated at cathode would be 

 (a) 1.2 L (b) 2.4 L 

 (c) 2.6 L (d) 4.8 L 

 

5. During electrolysis of an aqueous solution of CuSO4 using copper electrodes, if 2.5 g of Cu is 

deposited at cathode, then at anode 

 (a) 890 ml of Cl2 at STP is liberated (b) 445 ml of O2 at STP is liberated 

 (c) 2.5 g of copper is deposited (d) a decrease of 2.5 g of mass takes place 

 

6. A current of 9.65 A is passed for 3 h between nickel cathode and Pt anode in 0.5 L of a 2 M 

solution of Ni(NO3)2. The molarity of solution after electrolysis would be 

 (a) 0.46 M (b) 0.625 M 

 (c) 0.92 M (d) 1.25 M 

 

7. Which of the following statement is correct?  

 If o

Cu | Cu2E  = 0.337 V and o

Sn | Sn2E  =  0.136 V.  

 (a) Cu
2+

 ions can be reduced by H2(g) (b) Cu can be oxidized by H
+ 

 (c) Sn
2+

 ions can be reduced by H2 (d) Cu can reduce Sn
2+ 

 

8. The reduction potential of hydrogen halfcell will be negative if 

 (a) p(H2) = 1 atm and [H
+
] = 1 M (b) p(H2) = 1 atm and [H

+
] = 2 M 

 (c) p(H2) = 2 atm and [H
+
] = 1 M (d) p(H2) = 2 atm and [H

+
] = 2 M 

 

9. If 


Fe|Fe3E  and 


Fe|Fe2E  are 0.036 V and 0.44 V respectively, then the value of 


 23 Fe|Fe
E would 

be? 

 (a)  0.77 V (b) + 0.77 V 

 (c)  0.916 V (d) + 0.916 V 
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10. Consider the cell potentials, 

  


Mg|2Mg
E  =  2.37 V and 



Fe|3Fe
E  =  0.036 V. 

 The best reducing agent among them would be 

 (a) Mg
2+

 (b) Fe
3+ 

 (c) Mg (d) Fe 

 

11. The standard reduction potential values of three metallic cations, X, Y and Z are 0.52, 3.03 and 

1.18 V respectively. The order of reducing power of the corresponding metals is 

 (a) Y > Z > X (b) X > Y > Z 

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

 

12. The standard reduction potentials of Cr
3+ 

| Cr
2+

 and Cr
3+ 

| Cr are 0.41 V and 0.74 V respectively. 

The standard electrode potentials of Cr
2+ 

| Cr halfcell is  

 (a) +1.81 V (b) 1.81 V 

 (c) + 0.9 V (d)  0.9 V 

 

13. In lead storage battery, during discharging process 

 (a) PbO2 gets oxidised. (b) H2SO4 is produced. 

 (c) density of H2SO4 solution decreases.  (d) density of H2SO4 solution increases. 

 

14. Salts of A (atomic weight = 7), B (atomic weight = 27) and C (atomic weight = 48) were 

electrolysed under identical conditions using the same quantity of electricity. It was found that 

when 2.1 g of A was deposited, the weights of B and C deposited were 2.7 and 7.2 g. The valencies 

of A, B and C respectively are 

 (a) 3, 1 and 2 (b) 1, 3 and 2 

 (c) 3, 1 and 3 (d) 2, 3 and 2 

 

15. Which of the following statement is correct? 

 (a) Cathode is negative terminal both in galvanic and electrolytic cells.  

 (b) Anode is positive terminal both in galvanic and electrolytic cells.  

 (c) Cathode is negative terminal in an electrolytic cell whereas anode is negative terminal in a 

galvanic cell.  

 (d) Anode is negative terminal in an electrolytic cell whereas cathode is positive terminal in a 

galvanic cell. 

 

16. An aqueous solution of Na2SO4 is electrolysed using mercury cathode and inert anode.  

The products obtained at cathode and anode are respectively 

 (a) H2, O2 (b) Na, O2 

 (c) Na, SO2 (d) O2, H2 

 

17. Number of hours required for a current of 3 amp to decompose 18 g of water is 

 (a) 6 (b) 12 

 (c) 18 (d) 24 

 

18. Oxidation state of Mn changes to +6, +4 and +2 oxidation states from its +7 oxidation state in 

KMnO4 when mediums are:  

 (a) alkaline, aqueous and acidic   (b) acidic, aqueous and alkaline 

 (c) acidic, basic and aqueous (d) alkaline, acidic and aqueous 
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19. Given that 
o

Hg|Hg
2
2

E
 = 0.79 volts, 

o

Cu|Cu 2E   = 0.34 volts, 
o

Mg|Mg 2E   = +0.237 volts. What is the 

order of deposition of these metals from their aqueous salts solution? 

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

 (c) Mg, Hg, Cu (d) Cu, Hg 

 

20. Current required to displace 1 g of H2 in 10 sec. will be 

 (a) 965 amp (b) 9650 amp 

 (c) 96.5 amp (d) 198 amp 

 

21. 1 coulomb of electricity produces m kg of a substance ‘X’. Electrochemical equivalent of  

‘X’ in kg C
1

 is 

 (a) m (b) m × 10
3
 

 (c) m × 10
3

 (d) all wrong 

 

22. Electrochemical equivalent of a substance is .0006735. Its equivalent weight is  

 (a) 65 (b) 67.35 

 (c) 130 (d) cannot be calculated 

 

23. In the electrolysis of CuCl2 solution (aq) using Cu electrodes, the weight of cathode increased by 

3.2 g. At the anode,  

 (a) 0.05 mole of Cu
2+

 will go into the solution.  

 (b) 560 ml of O2 will be liberated. 

 (c) 112 ml of Cl2 will be liberated.  

 (d) 3.2 mole of Cu
2+

 will go into the solution. 

 

24. The charge of an electron is 1.6 × 10
19

 coulomb. How many electrons per second pass through a 

cross section of a Cu wire carrying 10
16

 amp current? 

 (a) 300 (b) 1800 

 (c) 1200 (d) 625 

 

25. A current of 2 amp passing for 5 hours through a molten tin salt deposits 22.2 g of tin.  

The oxidation state of the tin in the salt is (atomic weight of Sn = 119). 

 (a) +4 (b) +3 

 (c) +2 (d) +1 
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EXERCISE – III 

 
 

IIT-JEE- SINGLE CHOICE CORRECT 

 

1. For the electrochemical cell, 

  M | M
+
 || X


 | X, 

o

M|M
E  = 0.44 V and 

o

X|X
E  = 0.33 V. From this data, one can deduce that 

 (a) M + X    M
+
  +  X


 is the spontaneous reaction.  

 (b) M
+
  +  X


    M  +  X is the spontaneous reaction. 

 (c) Ecell = 0.77 V  

 (d) Ecell = 0.77 V 

 

2. During the charging of lead storage battery, the reaction at anode is represented by 

 (a) Pb
2+

 + 
2

4SO     PbSO4 (b) PbSO4  +  H2O    PbO2 + 
2

4SO  + 2H
+
   

 (c) Pb    Pb
2+

  +  2e
–
 (d) Pb

2+
  +  2e

–
    Pb 

 

3. The emf of the concentration cell is 

  Zn(s) | Zn
2+

 (0.10 M) | KCl (saturated) | Zn
2+

 (1.0 M) | Zn(s) 
   

 (a) zero (b) 0.0592 V 

 (c) –0.0296 V (d) 0.0296 V 

 

4. 1 mole of Al is deposited by X coulomb of electricity passing through aluminium nitrate solution. 

The number of moles of silver deposited by X coulomb of electricity from silver nitrate solution is 

 (a) 3 (b) 4 

 (c) 2 (d) 1 

 

5. Which of the following graph (Ecell Vs log 
]Cu[

]Zn[
2

2





) correctly correlates Ecell as a function of 

concentrations of ions for the given reaction? 

  Zn(s) + Cu
2+

 (M)  Zn
2+

(M ) + Cu(s);  

cellE = 1.10 V 

 (a) 

 

1.0 0 +1.0 

1.10 V 
 (b) 

 

1.0 0 +1.0 

1.10 V 
 

 (c) 

 

1.0 0 +1.0 

1.10 V 

 (d) 

 

1.0 0 +1.0 

1.10 V 
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6. At pH = 2, 


eQuinhydronE = 1.30 V, EQuinhydrone will be [Assume that the concentration of 

hydroquinone and quinone is (1M)] 

  

 

+ 2H+ + 2e 

O 

O 

OH 

OH 
 

 (a) 1.36 V (b) 1.30 V 

 (c) 1.418 V (d) 1.20 V 

 

7. Zn | Zn
2+

 (c1 M) || Zn
2+

 (c2 M) | Zn 

 For this cell, G would be negative, if 

 (a) c1 = c2 (b) c1 > c2 

 (c) c2 > c1 (d) None of these 

 

8. 100 ml of a buffer of 1M NH3 and 1M 

4NH  are placed in two voltaic cells separately.  

A current of 1.5 A is passed through both cells for 20 minutes. If electrolysis of water only takes 

place, 

  2H2O + O2 + 4e

   4OH


 (R.H.S.) 

  2H2O  4H
+
 + O2 + 4e


 (L.H.S.) 

 then the pH of the 

 (a) half cell on L.H.S. will increase (b) half cell on R.H.S. will increase 

 (c) Both the half cells will increase (d) Both the half cells will decrease 

 

9. A hydrogen electrode placed in a buffer solution of CH3COONa and acetic acid in the ratio’s x : y 

and y : x has oxidation potential values E1 volts and E2 volts respectively at 25°C. The pKa values 

of acetic acid would be (where pressure of H2 is 1 atm) 

 (a) 
118.0

EE 21   (b) 
118.0

EE 12   

 (c) 
118.0

EE 21   (d) 
118.0

EE 21   

 

10. The oxidation potential of a hydrogen electrode at pH = 10 and 
2HP = 1 atm, would be  

 (a) 0.51 V (b) 0.00 V 

 (c) + 0.59 V (d) 0.059 V 

 

11. At 25°C, standard EMF of the cell having reactions involving two electron change is found to be 

0.295 V. The equilibrium constant of the reaction would be  

 (a) 29.5  10
2

 (b) 10 

 (c) 10
10

 (d) 29.5  10
10 

 

12. The emf of the given cell, Zn | Zn
2+

 (0.1 M) || Fe
2+

 (0.01 M) | Fe is 0.2905 V at 298 K.  

Keq of this cell will be 

 (a) 10
0.26/0.0295

 (b) 10
0.32/0.059

 

 (c) 100.32/0.0295 (d) e0.32/0.0295 
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13. Rusting of iron is 

 (a) a decomposition process (b) a photochemical process 

 (c) an electrochemical process (d) a reduction process 

 

14. E° for the half cell reactions are as, 

  Zn  Zn
2+

 + 2e

 ; E° = +0.76 V 

  Fe  Fe
2+

 + 2e

 ; E° = +0.41 V 

 The E° for the cell reaction, 

  Fe
2+

  +  Zn    Zn
2+

 + Fe is 

 (a) 0.35 V (b) +0.35 V 

 (c) +1.17 V (d) 0.17 V 

 

15. The cell reaction for the given cell is spontaneous if 

  Pt | Cl2(P1 atm) | Cl
1

 (1 M) | Cl2 (P2 atm) | Pt   

 (a) P1 > P2 (b) P1 < P2 

 (c) P1 = P2 (d) P2 = 1 atm 

 

16. Under certain experiment of electrolysis number of atoms of Cu from Cu
2+

 and number of atoms of 

Ag from Ag
+
 are same. What will be the ratio of amount of electricity passed through electrolytes 

 (a) 1 : 1 (b) 1 : 2 

 (c) 2 : 1 (d) 1 : 3 

 

17. Conductivity of a saturated solution of AlCl3 type salt is 3.06 × 10
6

 ohm
1

 cm
1

 while equivalent 

conductivity of the same salt is 1.02 ohm
1

 cm
2
 eq

1
 ; Ksp of this salt will be   

 (a) 2.7 × 10
11

 (b) 10
12

 

 (c) 4 × 10
6

 (d) 4 × 10
9

 

 

18. Fe
3+

  +  1e

    Fe

2+
 ; E° = x volts 

 Fe
2+

  +  1e

    Fe

+
 ; E° = y volts 

 then 
o

Fe|Fe3E   from above data will be (in volts). 

 (a) (x + y) (b) (x + y)/2 

 (c) (y  x) (d) 2(x + y) 

 

19. The standard electrode potentials of the two half cells are given below: 

  Ni
2+

  +  2e

    Ni ; E° = 0.25 volt 

  Zn
2+

 +  2e

    Zn ; E° = 0.77 volt  

 The voltage of cell formed by combining the two half cells would be     

 (a) 1.02 volt (b) +1.36 volt 

 (c) +1.02 volt (d) +0.52 volt 

 

20. 
o

Cu|Cu2E  = 0.34 V, what will be the reduction potential at pH = 14 for the same couple.  

Given Ksp Cu(OH)2 = 10
19

. 

 (a) 0.11 V (b) +0.11 V 

 (c) +0.22 V (d) 0.22 V 
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21. The quantity of electricity needed to liberate 0.5 gram equivalent of an element is 

 (a) 48250 faraday (b) 48250 coulomb 

 (c) 19300 faraday (d) 19300 coulomb 

 

22. In a galvanic cell if salt bridge is replaced by inert platinum sheet, the cell will 

 (a) not work further; as positive and negative charges will accumulate on respective sides.  

 (b) not work further ; as platinum performs poorly as saltbridge. 

 (c) work as previous ; as platinum performs will as saltbridge.   

 (d) produce less potential ; as platinum performs poorly as saltbridge. 

 

23. A current of 9.65 ampere flowing for 10 minutes deposits 3.0 g of the metal which is monovalent. 

The atomic weight of the metal is 

 (a) 10 (b) 50 

 (c) 30 (d) 96.5 

 

24. 2 L aqueous solution of HCl having pH = 1 is electrolysed for 193 sec using 5 ampere current, new 

pH of the solution will be 

 (a) 1.02 (b) 13.3 

 (c) 6.7 (d) 6.3 

 

25. When 9650 coulombs of electricity is passed through a solution of copper sulphate, the amount of 

copper deposited is (Given atomic weight of Cu = 63.6) 

 (a) 0.318 g (b) 3.18 g 

 (c) 31.8 g (d) 63.6 g 

 

  



  
 

 

 
 

 
 

Electrochemistry and conductance 

 

   Gmail: harishankarb7@gmail.com  Contact No. : 9874249567 For any queries  Page number 52 

 
EXERCISE – IV 

 

 

ONE OR MORE THAN ONE CHOICE CORRECT 

 

1. If  Sn
+2

 + 2e
–
    Sn   E° = –0.14 V 

     Sn
+4

 + 2e
–
   Sn

+2
  E° = 0.13 V  

 then 

 (a) Sn
+2

 is unstable and disproportionates to Sn
+4

 and Sn.  

 (b) Sn
+2

 is stable and disproportionation reaction is not spontaneous.   

 (c) Sn
+4

 is easily reduced to Sn in aqueous solution.  

 (d) Sn
+4

 + Sn  2Sn
+2

 is spontaneous.  

 

2. What is/are not true about SHE? 

 (a) Temperature is 273 K (b) [H
+
] = 1 M   

 (c) Pressure of H2 = 1 atm (d) pH of the solution = 7  

 

3.  

Electrolyte  KCl KNO3 HCl NaOAc NaCl 

m (Scm
2
 mol

–1
) 149.9 145 426.2 91 126.5 

 Which of the following is/are correct? 

 (a) HOAc
  is 517.2 (b) 3HNO

 is 450   

 (c) AcOH
  is 390.7 (d) 3HNO

 is 421.3  

 

4. Ag | Ag
+
 | | I

–
 | AgI | Ag   standard emf is E°, then Ksp of AgI can be found out using the following 

expression 

 (a)  Elog
RT303.2

nF
K sp  (b) 











 E

dT

dE
nFKln sp    

 (c) RT/FE
sp

o

eK   (d) 
RT303.2

nFE
Klog sp


   

 

5. In which of the following cell(s) Ecell = 
o
cellE ? 

 (a) Cu(s) | Cu
+2

 (0.01M) | | Ag
+
 (0.1M) | Ag(s)  

 (b) )s(Zn|)M01.0(Zn||)1pH(H|)atm1(H|Pt 2
2

     

 (c) )s(Zn|)M1(Zn||)1pH(H|)atm1(H|Pt 2
2

    

 (d) )s(Zn|)M01.0(Zn||)M01.0(H|)atm1(H|Pt 2
2

   

 

6. Which of the following statement(s) is/are correct? 

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

  (b) If same quantity of electricity flows through the solutions of 0.1 M AgNO3 and 0.1 M CuSO4 

solutions, same weight of Ag and Cu will be deposited.      

 (c) Electrochemical equivalent has the units of g/C.                                      

 (d) Passage of 1F of electricity produces 1 g equivalent of a substance at either electrode.    

7. Given that  
o

Ni|Ni2
E  = 0.25 V, 

o

Cu|Cu2E  = 0.34 V,  
o

Ag|Ag
E  = 0.8 V  and 

o

Zn|Zn2E   = –0.76 V. Which 

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

 (a) Ni
+2

 (aq) + Cu (s)  Ni (s) + Cu
+2

 (aq)  
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 (b) Cu(s) + 2Ag
+
(aq)  Cu

+2
(aq) + 2Ag(s)  

 (c) Cu(s) + 2H
+
(aq)  Cu

+2
(aq) + H2(g)                                     

 (d) Zn(s) + 2H
+
(aq)  Zn

+2
(aq) + H2(g)  

 

8. Which of the following is/are the concentration cell?   

 (a) Ag(s) | AgCl | HCl (M1) | | HCl(M2) | AgCl | Ag(s) 

 (b) Pt | H2(g) (p1) | HCl (M) | H2(g) (p2) | Pt 

 (c) Cd-Hg (C1) | Cd
+2

 (M) | Cd-Hg (C2)                                      

 (d) None of these   

 

9. In a Daniel cell, the EMF of the cell can be increased by     

 (a) increasing the concentration of Zn
+2

 ions.  

 (b) increasing the concentration of Cu
+2

 ions. 

 (c) decreasing the concentration of Cu
+2

 ions.                                     

 (d) decreasing the concentration of Zn
+2

 ions. 

 

10. During the electrolysis of AgNO3 (using Pt electrodes) concentration around cathode as well as 

anode falls from 4M to 3M. What will happen if this happened with Ag electrodes?  

 (a) Result will remain the same.  

 (b) Concentration around cathode will fall from 4M to 3M but around anode will increase from 4 

M to 5 M.  

 (c) Reverse of statement (b).                           

           (d) With silver electrodes, the reaction occurring at anode is Ag    Ag
+
  +  e

–
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EXERCISE – V 

 

 

MATCH THE FOLLOWING 

 

Note: Each statement in column I has one or more than one match in column II.  

 

1.  
 

Column I Column II 

I.   Pt | H2 (1 atm) | H
+
(1M) (A) Wrong representation 

II.  Pt | Cl
–
 | Cl2 (B) Concentration cell 

III.   Pt | H2 (1atm) | H
+
(C1) | | H

+
 (C2) | H2(1atm) | Pt (C) Standard hydrogen electrode 

IV. Pt | H2 (p1atm) | H
+
(1M) | | H

+ 
(1M) | H2(p2 atm) | Pt (D) E° = 0 

 

2.  
 

Column I Column II 

I.   ZnHg (C1M) | Zn
+2

(aq) | ZnHg  

 C1 = 10 g per 100 g of Hg ; C2 = 1 g per 100 g of Hg 
(A) Ecell = 0.0295 V 

II.  Pt | Fe
+3

, Fe
+2

 (c = 1) || Ce
+4

, Ce
+3

 (c = 1) | Pt 

 V61.1Eo

Ce/Ce 34   ; V77.0Eo

Fe/Fe 23   
(B) Ecell = 0.84 V 

III.   Cu(s) | Cu
+2

(0.01M) | | Ag
+
(0.1M) | Ag (C) Ecell = 

o
cellE  

IV. 2Ag
+
 + Cu  2Ag + Cu

+2
  

 [Ag
+
] = 10

–3
 M; [Cu

+2
] = 10

–4
 M 

(D) Ecell  
o
cellE  

 

 

Note: Each statement in column I has only one match in column II. 
 

3.  
 

Column I Column II 

I.   Pt | H2(1atm) | H
+
 (3 × 10

–4
 M) | | H

+
(M) | H2(1atm) | Pt  

 E = 0.154 V  
(A) M = 0.121 

II.  Ni | Ni
+2

 (M) | | Cu
+2

 (1 M) | Cu,  E = 0.59 V   

 25.0Eo

Ni/Ni 2  V  ;   V34.0Eo

Cu/Cu 2   
(B) M = 1 M 

III.   Zn (s) + Ag2O (s) + H2O(l)   

 2Ag(s) + Zn
+2

(aq) + 2OH
–
(aq) 

 when 11.1Eo
cell   V at 298 K 

(C) K   10
37

 

IV. 2Fe
+3

 + Sn
+2

   2Fe
+2

 + Sn
+4

 

 V15.0Eo

Sn/Sn 24  ; V771.0Eo

Fe/Fe 23   at 298 K 
(D) K    10

21
 

 

 

REASONING TYPE 
 

Directions: Read the following questions and choose 

 (A)  If both the statements are true and statement-2 is the correct explanation of statement-1.  

 (B) If both the statements are true but statement-2 is not the correct explanation of statement-1. 

 (C) If statement-1 is True and statement-2 is False. 

 (D)  If statement-1 is False and statement-2 is True. 
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1. Statement-1: Sodium ions are discharged in preference to hydrogen ions at a mercury cathode. 

 Statement-2: Nature of the cathode can affect the order of discharge of cations. 

 (a) (A)  (b) (B) (c) (C) (d) (D) 

2. Statement-1: In a galvanic cell oxidation occurs at the positive electrode and reduction occurs at 

the negative electrode. 

 Statement-2:  In galvanic cell oxidation occurs at anode and reduction at cathode. 

 (a) (A)  (b) (B) (c) (C) (d) (D) 

3. Statement-1: During electrolysis the quantity of electricity needed for deposition of 1 mole of 

silver is different from that required for 1 mole of copper? 

 Statement-2: The molecular weight of silver and copper are different. 

 (a) (A)  (b) (B) (c) (C) (d) (D) 

4. Statement-1: One coulomb of electric charge deposits weight equal to the electrochemical 

equivalent of the substance. 

 Statement-2: One faraday deposits one mole of the substance. 

 (a) (A)  (b) (B) (c) (C) (d) (D) 

5. Statement-1: If standard reduction potential for the reaction Ag
+
 + e

–
   Ag is 0.8 volt, then for 

the reaction 2Ag
+
 + 2e

–
  2Ag, it will be 1.6 volt. 

 Statement-2: If concentration of Ag
+
 ions is doubled, the electrode reduction potential is 

increased. 

 (a) (A)  (b) (B) (c) (C) (d) (D) 

 

LINKED COMPREHENSION TYPE  

 

 At infinite dilution, when the dissociation of electrolyte is complete, each ion makes a definite 

contribution towards the molar conductance of electrolyte, irrespective of the nature of the other ion with 

which it is associated.  

The molar conductance of an electrolyte at infinite dilution can be expressed as the sum of the 

contributions from its individual ions.  

    xy
yx yBxABA  

  
  xy BAyxm yx)BA(    

 where x and y are the number of cations and anions respectively.    

 Answer the following questions :  

 

1. The ionic conductances of eq  for NH4Cl, NaOH and NaCl are respectively 149.74, 248.1 and 

126.4 ohm
–1

 cm
2
 equivalent

–1
. The value of eq  of NH4OH in ohm

1
 cm

2
 equivalent

1
 is  

 (a) 371.44 (b) 271.44 

 (c) 71.44                                    (d) It cannot be calculated from the given data.   

 

2. Calculate the degree of dissociation of 0.02 M acetic acid at 298 K, given that  

  )COOHCH( 3
  = 11.7 ohm

–1
 cm

2
 mol

–1 

  


)COOCH( 3

 = 40.9 ohm
–1

 cm
2
 mol

–1
 

  



)H(
= 349.1 ohm

–1
 cm

2
 mol

–1
  

 (a) 0.06 (b) 0.015 

 (c) 0.03                                    (d) 0.09  
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3. Consider the following graph and state which of the following is the 

correct statement?   

 (a)   can be calculated by this graph by extrapolation for both the 

electrolyte-1 and electrolyte-2. 

  (b)   can be calculated only for electrolyte-1 and not for 

electrolyte2 by any method.  

 (c)   can be calculated only for electrolyte-2 and not for 

electrolyte-1 using Kohlrausch law. 

 (d) None of this is correct.   

 

 

C  

Electrolyte1 

Electrolyte2 

 

 

4. The molar conductances for NaCl, HCl and CH3COONa are respectively 126.45, 426.16 and 91 

ohm
–1

 cm
2
 mol

–1
. The value of molar conductance of CH3COOH is  

 (a) 201.28  (b) 390.71 

 (c) 698.28                                    (d) 540.48   
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EXERCISE – VI 

 

 

SUBJECTIVE PROBLEMS  

 

1. A cell contains two hydrogen electrodes. The negative electrode is in contact with a solution of 

10
6

 M hydrogen ions. The emf of the cell is 0.118 V at 25°C. Calculate the concentration of 

hydrogen ions at the positive electrode. 
 

 

2. The following electrochemical cell has been set up, 

  Pt | Fe
3+

, Fe
2+

 (c = 1) || Ce
4+

, Ce
3+

 (c = 1) | Pt. 

 Given:  o

Fe |Fe 23E  = 0.77 V and o

Ce|Ce 34E  = 1.61 V. 

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

current. Calculate the cell potential at 298 K.  

  

3. Two weak acid solutions HA and HB each with the same concentration and having pKa values 2 

and 6 placed in contact with hydrogen electrode (1 atm, 25°C) and are interconnected through a salt 

bridge. Find emf of the cell. 

 

4. Answer whether under standard conditions the following reactions are possible or not. 

 (i) Will Fe reduce Fe
3+

 to Fe
2+

? 

 (ii) Will the permanganate ion, 

4MnO  liberate O2 from water in the presence of an acid? 

 (iii) Would you use silver spoon to stir a solution of Cu(NO3)2? 

 (iv) Will dichromate ions in acidic medium oxidize Fe
2+

 to Fe
3+

? 

 (v) Will Fe
3+

 ions be reduced to Fe
2+

 by Sn
2+

 ions?  

 (Given: 
Fe|Fe2E  = 0.44V ,  


27 Mn|Mn

E  = 1.51 V ,   
Fe|Fe3E  = 0.036V , 


Cu|Cu2E  = 0.337 V , 

 
Pt|O|OH 2

E  = 0.401V , 


Ag|Ag
E  = 0.799 V ,  


Sn|Sn

2E  =  0.136 V , 
 32

72 Cr|OCr
E = 1.33 V  

  and 


Sn|4Sn
E  = 0.007 V) 

 

5. A current of 1.70 A is passed through 300 ml of 0.16 M solution of ZnSO4 for 230 s with a current 

efficiency of 90%. Find out the molarity of Zn
2+

 after the deposition of Zn. Assume that the volume 

of the solution remain constant during the electrolysis.  

 

6. The standard reduction potential of Cu
2+

 | Cu is +0.34 V. Calculate the reduction potential at pH = 

14 for the above couple in a saturated solution of cupric hydroxide. Ksp of Cu(OH)2 is 1.0  10
19

 

M
3
. 

7. An excess of liquid Hg was added to 10
3

 M acidified solution of Fe
+3

 ions. It was found that only 

5% of the ions remained as Fe
+3

 at equilibrium at 25°C. Calculate 
o

Hg|Hg 2
2

E  at 25°C.  

 The equilibrium reaction is 

  2Hg + 2Fe
3+

   
2

2Hg  + 2Fe
2+

  and   


 32 Fe|Fe
E  = 0.77 V.  

8. What ratio of Pb
+2

 to Sn
+2

 concentration is needed to reverse the following cell reaction, 

   Sn(s) + Pb
+2

(aq)   Sn
+2

(aq) + Pb(s). 

 Given: 


Sn|2Sn
E  = 0.136 V and 



Pb|2Pb
E  =  0.126 V. 
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9. Two electrochemical cells are assembled in which the following reactions occur, 

  V
+2

 + VO
+2

 + 2H
+
  2V

+3
 + H2O ; 


cellE = 0.616 V 

  V
+3

 + Ag
+
 + H2O  VO

+2
 + 2H

+
 + Ag(s)  ; 


cellE = 0.439 V. 

 Calculate E° for halfcell reaction, V
+3

 + e

   V

+2
; if 


gA|Ag

E  = 0.799 V.  

 

10. Show that the standard potential of the reaction, 

  H2O + e

  ½ H2 + OH


 

 is given as E° = wKln
F

RT
 

 Determine the value of E° of this reaction at 298 K. 
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ANSWERS 
 

 
EXERCISE – I 

 

CBSE PROBLEMS 

 

1. 
96500

E
 g / C, electrochemical equivalent 2. Kohlrausch law 

3. (i) H2, Cl2 and (ii) Na(s), Cl2 4. rG° < O, rG° > O  

5. By increasing [M
n+

] or by decreasing ‘T’   

6. H
+
  +  1e


    ½ H2 

7. H2, O2 8. 2.96 g  

10.  No   

11. Zinc is a better protecting agent than tin because 
o

Zn|Zn2E  < 
o

Sn|Sn2E  .  

12. m = 16.57 ohm
1

 cm
2
 14. Kc = 1.596 × 10

80
  ; rG° = 457.41 kJ mol

1
   

  

 
EXERCISE – II 

 

JEE & NEET-SINGLE CHOICE CORRECT 

 

 1. (a)  2. (b)  3. (b)  4. (d)  5. (d) 

 6. (c)  7. (a)  8. (c)  9. (b)  10. (c) 

 11. (a)   12. (d)   13. (c)   14. (b)   15. (c) 

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

 21. (a)  22. (a)  23. (a)  24. (d)  25. (c) 

 

 
EXERCISE – III 

 

IIT-JEE-SINGLE CHOICE CORRECT 

 

 1. (b)  2. (b)  3. (d)  4. (a)  5. (b) 

 6. (c)  7. (c)  8. (b)  9. (a)  10. (c) 

 11. (c)   12. (c)   13. (c)   14. (b)   15. (b) 

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

 21. (b)  22. (a)  23. (b)  24. (a)  25. (b) 
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EXERCISE – IV 

 

ONE OR MORE THAN ONE CHOICE CORRECT 

 

 1. (b, d)  2. (a, d)  3. (c, d)  4. (c, d) 5. (a, b) 

 6. (a, c, d)  7. (a, c)  8. (a, b, c)  9. (b, d)  10. (b, d) 

 

 

 
EXERCISE – V 

 

MATCH THE FOLLOWING  

1. I  (C), (D)  ;  II  (A)  ;  III  (B), (D)  ;  IV  (B), (D) 

2. I  (A), (D)  ;  II  (B), (D)  ;  III  (C)  ;  IV  (D) 

3. I  (A)  ;  II  (B)  ;  III  (C)  ;  IV  (D) 

 

REASONING TYPE 
 

 1. (a)  2. (d)  3. (b)  4. (c) 5. (d) 
 

 

LINKED COMPREHENSION TYPE 
 

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

 

 
EXERCISE – VI 

 
 

SUBJECTIVE PROBLEMS    

 

1. 10
4

 M 

 

2. cerium electrode to iron electrode, 0.84 V 

 

3. 0.118 V 

 

4. (i) Yes (ii) Yes (iii) Yes (iv) Yes (v) Yes 

 

5. 0.154 M 

 

6.  0.22 V 

 

7.  0.793 V 

 

8. 
]Sn[

]Pb[
2

2





 < 0.459 

 

9.  0.256 

 

10.  0.827 V 
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