
   CHAPTER - ELECTROCHEMISTRY 

 

Electrochemistry is that branch of chemistry which deals with the study of production of 

electricity from energy released during spontaneous chemical reactions and the use of electrical 

energy to bring about non-spontaneous chemical transformations. 

A cell of almost constant emf is called standard cell. 

Electrode potential 

When an electrode is in contact with the solution of its ions in a half-cell, it has a tendency to 

lose or gain electrons which is known as electrode potential. It is expressed in volts. It is an 

intensive property, i.e., independent of the amount of species in the reaction. 

Oxidation potential The tendency to lose electrons in the above case is known as oxidation 

potential. Oxidation potential of a half-cell is inversely proportional to the concentration of ions 

in the solution. 

Reduction potential The tendency to gain electrons in the above case is known as reduction 

potential. According to IUPAC convention, the reduction potential alone be called as the 

electrode potential unless it is specifically mentioned. 

E°red = – E°oxidalion 

It is not possible to determine the absolute value of electrode potential. For this a reference 

electrode [NHE or SHE] is required. The electrode potential is only the difference of potentials 

between two electrodes that we can measure by combining them to give a complete cell. 

Standard electrode potential The potential difference developed between metal electrode and 

solution of ions of unit molarity (1M) at 1 atm pressure and 25°C (298 K) is called standard 

electrode potential. 

It is denoted by E°. 

Reference Electrode 

The electrode of known potential is called reference electrode. It may be primary reference 

electrode like hydrogen electrode or secondary reference electrode like calomel electrode. 

Standard hydrogen electrode (SHE) Standard hydrogen electrode (SHE). also known as normal 

hydrogen electrode (NHE), consists of platinum wire, carrying platinum foil coated with finely 

divided platinum black. The wire is sealed into a glass tube. placed in beaker containing 1 M 

HCl. The hydrogen gas at 1 atm pressure is bubbled through the solution at 298K. Half-cell is pt 

H2 (1 atm) H+ (1 M). 

 

 
In SHE. at the surface of plantinum, either of the following reaction can take place 

2H+(aq) + 2e- → H2G Reduction 

H2(g) → 2H+(aq) + 2e- Oxidation 

The electrode potential of SHE has been fixed as zero at all temperatures. 

Its main drawbacks are 

1. It is difficult to maintain 1 atm pressure of H2 gas. 

2. It is difficult to maintain H+ ion concentration 1 M. 

3. The platinum electrode is easily poisoned by traces of impurities. 



Hence, calomel electrodes are conveniently used as reference electrodes, It consists of mercury 

in contact with Hg2 Cl2 (calomel) paste in a solution of KCl. 

Electromotive Force (emf) of a Cell 

It is the difference between the electrode potentials of two half-cells and cause flow of current 

from electrode at higher potential to electrode at lower potential. It is also the measure of free 

energy change. Standard emf of a cell, 

E⁰cell= Ecathod – Eanode , E⁰cell = Eright - Eleft 

Electrochemical Series 

It is the arrangement of electrodes in the increasing order of their standard reduction potential. 

 
 
NERNST EQUATION 



It is used to measure electrode potential at different concentrations. 
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where,  

E(cell) = electrode potential at different concentrations 

E⁰(cell) = electrode potential at standard conditions  

R = gas constant 

T = temperature 298 k 

n = numbers of electrons gain or loss 

F = faradays constant 96500C 
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for Daniel cell, 

Zn(s) + Cu2+(aq) → Zn2+(aq) + Cu(s) 
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For pure solids and gases the concentration is taken as unity 
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For general electrochemical reaction of type: 

aA + bB → cC + dD 

nernst equation can be written as; 

E(cell) = E⁰(cell) – 
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Equilibrium constant from nernst equation 

If the circuit in Daniell cell is closed then the reaction: 

Zn(s) + Cu2+(aq) → Zn2+(aq) + Cu(s) 

the concentration of Zn2+ keeps on increasing while the concentration of Cu2+ keeps on 

decreasing as time passes and voltage of the cell as read on the voltmeter keeps on decreasing. 

After some time there is no change in the concentration of Cu2+ and Zn2+ ions and at the same 

time, voltmeter gives zero reading and equilibrium has been 

attained. 
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But at equilibrium, 
[𝑍𝑛2+]

[𝐶𝑢2+]
  = Kc 

and at T = 298K the above equation can be written as 

 

E⁰(cell) = 
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 log Kc = 
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0.059
= 37.288 

 

 Kc = antilog 37.288 

Kc = 2×1037 

 

In general, 

E⁰(cell) = 
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Gibbs free energy of reaction(∆rG/∆G) 

Electrical work done = electrical potential×total charged passed 

Gibbs free energy = electrical potential×total charged passed 

-∆rG = nFE(cell) or ∆rG = - nFE(cell) 

If the concentration of all the reacting species is unity, then 

E(cell) = E⁰
(cell)  

∆rG⁰ = - nFE⁰
(cell)  ∆rG

⁰ = standard gibbs energy 

Substituting value of E⁰
(cell) then we get relation between equilibrium constant and gibbs energy, 

∆rG⁰ = -2.303RT log Kc 

Conductance of electrolytic solutions 

Resistance(R) : The electrical resistance of any object is directly proportional to its length, l, and   

inversely proportional to its area of cross section, A. 

R ∝ 
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𝐴
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𝑙
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 ρ= resistivity or specific resistance 

Unit = ohm (Ω) 

Resistivity / specific resistance (ρ): the resistivity for a substance is its resistance when it is one 

meter long and its area of cross section is one m2. 

ρ = 
𝑅.𝐴

𝑙
 

Unit = ohm meter or ohm centimeter 

Conductance (G): The inverse of resistance, R, is called conductance. 

G = 
1
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κ = conductivity 

unit = siemen or ohm-(Ω-)/ mho 

Conductivity(κ) : The inverse of resistivity, called conductivity (specific conductance). 

Conductivity of a material is defined as its conductance when it is 1 m long and its area of cross 

section is 1 m2. 

κ = 
1

𝜌
  

Unit = S m-1 / S cm-1 

Molar conductivity (Λm): The conductivity of all the ions produced when 1 mole of an 

electrolyte is dissolved in V mL of 

solution is known as molar conductivity. 

It is related to specific conductance as 

Λm = (k x 1000/M) 

where. M = molarity. 



It units are Ω-1 cm2 mol-1 or S cm2 mol-1. 

Equivalent conductivity (Λm): The conducting power of all the ions produced when 1 g 

equivalent of an electrolyte is dissolved in V mL of solution, is called equivalent conductivity. It 

is related to specific conductance as 

Λm = (k x 1000/N) 

where. N = normality. 

Its units are ohm-1 cm2 (equiv-1) or mho cm2 (equiv-1) or S cm2 (g-equiv-1). 

Factors Affecting Conductivity 

(i) Nature of electrolyte The strong electrolytes like KNO3, KCl, NaOH. etc. are completely 

ionised in aqueous solution and have high values of conductivity (molar as well as equivalent). 

The weak electrolytes are ionised to a lesser extent in aqueous solution and have lower values of 

conductivity (molar as well as equivalent). 

ii) Concentration of the solution The concentrated solutions of strong electrolytes have 

Significant interionic attractions. which reduce the speed of ions and lower the value of Λm 

and Λeq. 

The dilution decreases such attractions and increase the value of Λm and Λeq. 

The limiting value Λ⁰
m,  or Λ∞

m (the molar conductivity at zero concentration or at infinite 

dilution) can be obtained extrapolating the graph. 

 
In case of weak electrolytes, the degree of ionisation increases dilution which increases the 

value of Λm and Λeq. The limiting value Λ⁰m cannot be obtained by extrapolating the graph. ~ 

limiting value, Λ⁰
m for weak electrolytes is obtained by Kohlrausch law. 

(iii) Temperature The increase of temperature decreases inter-ionic attractions and increases 

kinetic energy of ions and their speed. Thus, Λm and Λeq increase with temperature.  

Kohlrausch’s Law 

At infinite dilution, the molar conductivity of an electrolyte is the sum of the ionic 

conductivities of the cations and anions, e.g., for AxBy 

Λ⁰
m = x λ⁰

A- + yλ⁰
B+ 

Applications 

(i) Determination of equivalent/molar conductivities of weak electrolytes at infinite dilution, 

(ii) Determination of degree of dissociation (α) of an electrolyte at a given dilution  

α = 
𝚲𝐦

𝚲⁰𝐦
 

Kc = cα2/ 1- α 

Kc = dissociation constant for weak electrolytes 

Electrolysis 

It is the process of decomposition of an electrolyte when electric current is passed through either 

its aqueous solution or molten state, 

1. In electrolytic cell both oxidation and reduction takes place in the same cell.  

2. Anode is positively charged and cathode is negatively charged, In electrolytic cell. 

3. During electrolysis of molten electrolyte, cations are liberated at cathode. while anions at the 

anode. 

4. When two or more ions compete at the electrodes. the ion with higher reduction 



potential gets liberated at the cathode while the ion with lower reduction potential at the anode.  


