


Equilibrium potential (Nerst potential) 

• The concept of is simply an extension of the concept of diffusion potential. If there is a 
concentration difference for an ion across a membrane and the membrane is permeable to that 
ion, a potential difference (the diffusion potential) is created. Eventually, net diffusion of the ion 
slows and then stops because of that potential difference

• Equilibrium potential is the diffusion potential that exactly balances (opposes) the 
tendency for diffusion caused by a concentration difference.  At electrochemical 
equilibrium, the chemical and electrical driving forces that act on an ion are equal and 
opposite; therefore, no net diffusion of the ions occur.

• Nerst Potential The potential across the cell membrane that exactly opposes net diffusion of a 
particular ion through the membrane= the membrane potential at which there is no net (overall) 
flow of that particular ion from one side of the membrane to the other

• At electrochemical equilibrium ( Equilibrium Potential ) , the chemical and electrical driving forces 
acting on an ion are equal and opposite, and no further net diffusion occurs

• Nernst Equation  is used to calculate the equilibrium potential for an ion at a given concentration 
difference across a membrane, assuming that the membrane is permeable to that ion
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Nernst equation and calculations of the 
equilibrium potential (Nerst potential)

• Electromotive force  (mv) 
 = (RT/ZF) log  (Co /Ci)

. EMF (mV) = ±61 x log Ion conc. Inside
                                          Ion conc. outside

• C is concentration of the ion [X+] 
• Co = [X+] outside cell
• Ci = [X+]  inside cell

• R = gas constant
• T = Temp. o Kelvin
• Z = charge on ion

• -1 for Cl-, +2 for Ca2+

• F = Faraday’s number
• charge per mol of ion

• ln means log to base e

R: is the gas constant 
K° (absolute) is 0 c° which is 273K 
Z: valency is the charge of free ions, 
for example it’s +1 for K and Na, 
while it is +2 for Ca
F: is the faradays constant is fixed 
at 96,485.3399 Coulomb (C) per 
mole of electrons, which means that 
one mole of electrons is equivalent 
to 96,485.3399 coulombs of electric 
charge. Assuming the valency is 
one with Na and K and the 
temperature is 37C° or 300K the 
constants will be 61 when the 
valency ions is one 





The driving force on ions crossing through the membrane, voltage 
gradients (V), and concentration gradients (C) for

the three most common ions in the solutions in the intracellular and 
extracellular fluids
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The Potassium Nernst Potential

Example: If Ko = 4 mM and Ki = 140 mM 
  EK = -61 log(140/4) 
  EK = -61 log(35) 
  EK = -94 mV 

EK =  -61 x log    
Ki

Ko

So, if the membrane were permeable only to K+, the membrane 
potential (Vm) would be -94 mV

…also called the equilibrium potential
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The Sodium Nernst Potential

Example: If Nao = 142 mM and Nai = 14 mM 
  ENa = -61 log(14/142) 
  ENa = -61 log(0.1) 
  ENa = +61 mV 

ENa  =    -61 x log       
Nai

Nao

So, if the membrane were permeable only to Na+, 
the membrane potential (Vm) would be +61 mV
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The Goldman-Hodgkin-Katz Equation

Calculates Vm when more than one ion is involved.

(also called the Goldman Equation)

the diffusion potential depends on:
(1) permeability of the membrane (P) to each ion
(2) concentrations (C) of the respective ions on the inside (i) and outside (o) of the 

membrane

Na, K & Cl are the most important ions 
involved in  development of membrane 
potentials in nerve and muscle fibers & 
neuronal cells
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The Goldman-Hodgkin-Katz Equation

Calculates Vm when more than one ion is involved.

(also called the Goldman Equation)

the quantitative importance of each of the ions in determining the voltage is 
proportional to the membrane permeability for that particular ion.
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The Goldman-Hodgkin-Katz Equation

The resting membrane potential is closest to the 
equilibrium potential for the ion with the highest 
permeability!

Take home message…
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[Nai]=15 mM
[Nao]=145 mM

determine the resting membrane potential in a typical neuron. Assume that pK = 1, pNa = 0.05, and pCl = 0.5.

[Ki]=150 mM
[Ko]=4 mM

[Cli]=10 mM
[Clo]=24 mM

=-61 X log 15X0.05 + 150X1 +24X0.5
145X0.05 + 4X1 +10X0.5

=-61 X log 10
=-61 mV

Question
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Assume that in a neuron, the plasma membrane permeability values for potassium (K+), sodium (Na+), and Cl− are the 
following: pK = 1, pNa = 12, and pCl = 0.5.
determine the membrane potential in this neuron.

[Nai]=15 mM
[Nao]=145 mM

[Ki]=150 mM
[Ko]=4 mM

[Cli]=10 mM
[Clo]=24 mM

=-61 X log 15X12 + 150X1 +24X0.5
145X12 + 4X1 +10X0.5

=-61 X log 0.195

Question

=-61 X -0.71
=+ 43 mV
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