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Class Notes 

Class: XII Date: 23rd June,2021 

Subject: Chemistry Topic: Electrochemistry( Galvanic 

cell, cell emf, Nernst equation) 
Electrochemical Cells 
An electrochemical cell consists of two electrodes (metallic conductors) in contact with an 

electrolyte 

(an ionic conductor). 

An electrode and its electrolyte comprise an Electrode Compartment. 

Electrochemical Cells can be classified as: 

(i) Electrolytic Cells in which a non-spontaneous reaction is driven by an external source of 

current. 

(ii) Galvanic Cells which produce electricity as a result of a spontaneous cell reaction . 

Note: In a galvanic cell, cathode is positive with respect to anode. 

In a electrolytic cell, anode is made positive with respect to cathode. 

GALVANIC CELL 

This cell converts chemical energy into electrical energy. 

 

Galvanic cell is made up of two half cells i.e., anodic and cathodic. The cell reaction is of redox 

kind. 

Oxidation takes place at anode and reduction at cathode. It is also known as voltaic cell. It may 

be represented as shown in Fig. Zinc rod immersed in ZnSO4 behaves as anode and copper rod 

immersed in CuSO4 behaves as cathode. 

Oxidation takes place at anode. 

Zn → Zn2+ + 2e. (loss of electron : oxidation) 

Reduction takes place at cathode: 

Cu2+ + 2e. → Cu(gain of electron ; reduction) 

Overall process : Zn(s) + Cu2+ → Cu(s) + Zn2+ 

In galvanic cell like Daniell cell: electrons flow from anode (zinc rod) to the cathode (copper rod) 

through external circuit; zinc dissolves as Zn2+ ; Cu2+ ion in the cathode cell picks up two electron 

and become deposited at cathode. 
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REPRESENTATION OF A CELL (IUPAC CONVENTIONS): 

Let us illustrate the convention taking the example of Daniel cell. 

(i) Anodic half cell is written on left and cathodic half cell on right hand side. 

Zn(s) |ZnSO4(sol)||CuSO4(sol)|Cu(s) 

(ii) Two half cells are separated by double vertical lines: Double vertical lines indicate slat bridge 

or any type of porous partition. 

(iii) EMF (electromotive force) may be written on the right hand side of the cell. 

(iv) Single vertical lines indicate the phase separation between electrode and electrolyte solution. 

Zn|Zn2+||Cu2+|Cu 

(v) Inert eletrodes are represented in the bracket 

Zn|ZnSO4||H+|H2,Pt 

 

RELATIONSHIP BETWEEN G AND ELECTRODE POTENTIAL 

Let n, faraday charge is taken out from a cell of e.m.f. (E) then electrical work done by the cell 

may be calculated as, 

Work done = Charge × Potential = nFE 

From thermodynamics we know that decrease in Gibbs free energy of a system is a measure of 

reversible or maximum obtainable work by the system if there is no work due to volume 

expansion 

 G = -nFE 

Under standard state Gº = - nFEº ............(1) 

(i) From thermodynamics we know, G = negative for spontaneous process. Thus from 

eq. (i) it is clear that the EMF should be + ve for a cell process to be feasible or 

spontaneous. 

(ii) When G = positive, E = negative and the cell process will be non spontaneous. 

Reactions                                        G                                      E 

Spontaneous                          (-)                              (+) 

Non-spontaneous                   (+)                              (-) 

Equilibrium                             0                                 0 

Standard free energy change of a cell may be calculated by electrode potential data. 

Substituting the value of Eº (i.e., standard reduction potential of cathode-standard reduction 

potential of anode) in eq. (i) we may get Gº. 

 

CONCENPT OF ELECTROMOTIVE PORCE (EMF) OF A CELL 

Electron flows from anode to cathode in external circuit due to a pushing effect called or 

electromotive force (e.m.f.). EMF is called as cell potential. Unit of e.m.f. of cell is volt. 

EMF of cell may be calculated as: 

Ecell = reduction potential of cathode - Reduction potential of anode 

Similarly, standard e.m.f. of the cell (Eº) may be calculated as 

Eºcell = Standard reduction potential of cathode - Standard reduction potential of anode. 

 

SIGN CONVENTION OF EMF 

EMF of cell should be positive otherwise it will not be feasible in the given direction. 

Zn|ZnSO4||CuSO4|Cu     E = + 1.10 volt (Feasible) 

Cu|CuSO4||ZnSO4|Zn     E = -1.10 volt (Not Feasible) 

 

SALT BRIDGE 

Two electrolyte solutions in galvanic cells are separated using salt bridge as represented in the 

Fig. Salt bridge is a device to minimize or eliminate the liquid junction potential. Saturated 

solution of salt like KCl, KNO3, NH4Cl and NH4NO3 etc. in agar-agar gel is used in salt bridge. Salt 

bridge contains high concentration of ions viz. K+ and NO3 - at the junction with electrolyte 

solution. Thus, salt bridge carries whole of the current across the boundary; more over the K+  
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and NO3 - ions have same speed. Hence, salt bridge with uniform and same mobility of cations 

and anions completes the electrical circuit & permits the ions to migrate. 

NERNST EQUATION 

Walter nernst derived a relation between cell potential and concentration or Reaction quotient. 

G = Gº + RT ln Q ..........(i) 

where G and Gº are free energy and standard free energy change, ’Q’ is reaction quotient. 
 -G = nFE and -Gº = nFEº 

Thus from Eq. (i), we get -nFE = -nFEº + RT lnQ 

At 25ºC, above equation may be written as    

 

 

 

Where ’n’ represents number of moles of electrons involved in process. 

E, Eº are e.m.f. and standard e.m.f. of the cell respectively. 

In general, for a redox cell reaction involving the transference of n electrons 

aA + bB → cC + dD, the EMF can be calculated as: 

 

 

 

 

THERMODYNAMIC TREATEMENT OF NERNEST EQUATION 

 

(i) Prediction and feasibility of spontaneity of a cell reaction. 

Let us see whether the cell (Daniell) is feasible or not; i.e. whether Zinc will displace copper or 

not. 

Zn | (s) | ZnSO4(sol) || CuSO4(sol) | Cu(s) 

 

 

 

 

 

 

Since E0 = + ve, hence the cell will be feasible and zinc will displace copper from its salt solution. 

In the other words zinc will reduce copper. 

 

(ii) Determination of equilibrium constant : We know, that 

 

 

 
 

At equilibrium, the cell potential is zero because cell reactions are balanced, i.e. E = 0 

 From Eq. (i), we have 

 


