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The Nernst Equation: 

Derivation from Previously Encountered Equations 
 

Some Previously encountered Equations:  
 
Ι .   ΔG = - nFEcell The free energy and potential difference related. 

  ΔG = free energy for the reaction  
  n = number of moles of electrons transferred in reaction 
  F = Faraday constant = charge on one mole of electrons 
  Ecell = electromotive force or potential difference 
  The equation works for standard state or non-standard state 

 
If you know that the charge on one electron or proton (ignoring sign) is 1.602x10-19C, 
then you have no need to memorize the Faraday constant.  Simply multiply the charge of 
one electron by Avogadro’s number of electrons per mole. 
 
Something to think about: multiplying a balanced chemical equation.  Suppose you 
double the coefficients on the following equation for a redox reaction: 
 

  (1) A + 2B  à  2C + D ΔG1 = - nFE1 
 

(2) 2A + 4B  à  4C + 2D ΔG2 = - nFE2 
 
How can it be that ΔG2 = ΔG1 x2, but E2 = E1? 
 
The potential difference remains the same regardless of the quantities but the free energy 
does depend on the quantity.  While E does not double, the number of electrons 
transferred, n, in equation 2 is twice the number in equation 1.  You need to be able to 
identify the half reactions to know the number of electrons. 
 
Spontaneous reactions are those with negative ΔG or positive E. 
 
 
 
 
  



ΙΙ .   ΔG = ΔGo + RTlnQ Free energy calculated at non-standard conditions. 
    ΔG = free energy for the reaction  

ΔGo = free energy for the reaction under standard state 
R = gas constant 
T = absolute temperature 
Q = reaction quotient 

 
The reaction quotient expression is the same as the thermodynamic equilibrium 
expression.  Thermodynamic equilibrium expressions are written so that all gases are 
in partial pressures and all solutes are in concentrations.  An expression can contain both 
partial pressures and concentrations.  
 
Standard thermodynamic state is all gases at 1atm pressure, all solutes at 1M and a 
temperature of 298K.  At standard conditions, the quotient is 1. 
 
The Nernst equation is derived by substituting “-nFE” for each ΔG term in the equation: 
 

ΔG = ΔGo + RTlnQ 
-nFE = -nfEo + RTlnQ 

 

E = Eo − RT
nF
lnQ  

 
Another form (specifically for 25oC): 

E = Eo − 0.05916
n

logQ  

 
The 0.05916 includes RT/F (T=298K) with a conversion from natural log to base ten.  It 
is easy to forget the temperature variable is in the Nernst equation if you use this form. 



Example:  A Galvanic cell uses the following half reactions: 
Ni2+ + 2e-  ⇄  Ni(s) E° = -0.25V 
Cr3+ + 3e- ⇄  Cr(s)      E° = -0.74V 
 
Calculate the cell potential when [Ni2+] = 1.0x10-4M and [Cr3+] = 2.0x10-3M. 
 
The net reaction: 3Ni2+ + 2Cr(s) ⇄ 3Ni(s)  + 2Cr3+   E° = 0.49V  
   The reverse reaction is non-spontaneous (-0.49V) 
   The number of moles of electrons transferred, n, as written is 6 
 
The equilibrium/quotient expression:   
Q = [Cr3+]2 / [Ni2+]3  
Q = (2.0x10-3)2/ (1.0x10-4)3 = 4.0 x 106 
 
 
The cell potenmtial at these conditions: 
Ecell  = Ecell° - RT/(nF) lnQ  
   R = 8.314J/k 
   F = 9.65x104C/mol e- 
   n = 6 mol e- 
   T = 298K 
   E° = 0.49V  
 
Ecell  = 0.42V 
 


