
Ion transport 
across the cell 

membrane 
underlies cellular 
Homeostasis and 
electrical activity. 
  the regulation of heart beat 

  movement of muscle 
  regulation of hormone 

release from pancreatic cells 

  the generation of thought 



Membrane permeability to ions 
The energy needed to move an ion into the membrane 

lipid phase is nearly 100 kT. 
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The movement of ions. 
Diffusion 
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the Nernst Equation 

Integrating across the membrane 
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Walther Hermann Nernst  
Nobel Prize 1920 
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Nernst equation: 

Nernst potential 

Transport of sodium ions 



d
DKP P=

Membrane permeability coefficient 

Permeability to protons,  

P = 10-4 - 10-8 cm/s 

(106 times greater than for other ions) 



  0 mV   A     0 mV   

100mM KCl   10mM KCl   

B     

100mM KCl   10mM KCl   

C   

K +   
K +   
K +   

  
  

100mM KCl   10mM KCl   

D   

K +   
K +   
K +   

+   

  

  

100mM KCl   10mM KCl   

E   

K +   
K +   
K +   

+58mV   

  

Equilibrium potentials 

Flux due to conentration gradient = flux due to electrical potential 



The factors affecting the size of the 
potential. 

Concentration gradient : larger gradient = larger voltage 

Higher temperature causes greater voltage. 
At 0K ( -273oC) there is no movement of ions, therefore 
no voltage is required to balance the flux. As the 
temperature goes up, random thermal motion increases 
and a higher voltage is required to reach equilibrium. 

If the permeant ion has a high charge (e.g. +2, +3) 
then it will be influenced more by the electrical 
potential. Hence a smaller electrical potential will be 
necessary to balance the flux. 



The value of Vm is independent of the 
concentration or voltage profile within the 

membrane! 

Nerst equation gives the value of membrane 
potential ψnerst at which the ion is in steady-

state equilibrium. 

At the value of ψnerst, the electrostatic energy per 
mole (zFψm) is exactly counterbalanced by the 

chemical energy per mole (RTln(ci/co)). 
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Equilibria of weak acids and weak bases 

  At neutral pH, weak acids and weak bases are predominantly in 
their charged forms (A- and BH+). 

  The charged species do not permeate across the membrane’s 
hydrophobic barrier. 

   The charged species are in equilibrium with uncharged 
species that will permeate the membrane. 

  The uncharged species (B) will reach the equilibrium (Bo = Bi). 



Unprotonated species are in equilibrium 
with the protonated form: i
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For a weak base 
++ ↔+ BHHB

For a weak acid. 
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B log where, [BH+] = molar concentration of the salt of the base 
[B] = molar concentration of the weak base. 

Henderson - Hassalbach theory of dissociation 
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where, [A-] = molar concentration of the salt 
of the acid [HA] = molar concentration of 
the weak acid. 



Example  
What will the % ionization be for a weak acidic drug with a 
pKa of 3.0; 
 
(a) in the stomach which has a pH of 2.25? 
(b) in the blood which has a pH of 7.4? 
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