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Diffusion Equation 

2. Continuity Equation: 

+ 

1. Fick’s First Law: 

(Fick’s Second Law) 



Diffusion Processes 

3. Impulse Response: Point-source of particles (no mol/cm2) at t = 0 and x = 0 
   [Dirac delta function δ(x)] 

[Aside: solution can be found by a # of different methods, one being by separation of variables and using a Fourier transform] 

Solution 
(for t > 0) 

need to solve: 

given the inital/boundary conditions: 

Batschelet Fig.12.5 



     solution to 
diffusion equation! 



Weiss Fig.3.14 (modified) 



Importance of Scale 

Freeman 

Question: How long does it take (t1/2) for ~1/2 the solute  
 to move at least the distance x1/2? 

Gaussian function with zero mean and  
standard deviation:  

          For small solutes  
(e.g. K+ at body temperature) 



Exercise 

At a junction between two neurons, called a synapse, there is a 20 
nm cleft that separates the cell membranes. A chemical transmitter 
substance is released by one cell (the pre-synaptic cell), diffuses 
across the cleft, and arrives at the membrane of the other (post-
synaptic) cell. Assume that the diffusion coefficient of the chemical 
transmitter substance is D = 5 × 10−6 cm2/s.  

 Make a rough estimate of the delay caused by diffusion of the 
transmitter substance across the cleft. What are the limitations of this 
estimate? Explain. 



Exercise 

At a junction between two neurons, called a synapse, there is a 20 nm cleft that 
separates the cell membranes. A chemical transmitter substance is released by one 
cell (the pre-synaptic cell), diffuses across the cleft, and arrives at the membrane of the 
other (post-synaptic) cell. Assume that the diffusion coefficient of the chemical 
transmitter substance is D = 5 × 10−6 cm2/s.  

 Make a rough estimate of the delay caused by diffusion of the transmitter substance 
across the cleft. What are the limitations of this estimate? Explain. 

Answer 

Consider the time it takes for ½ to cross the cleft, then we have 
approximately 1 us (1 × 10−6 s). However, this calculation: 

-  Ignores the cleft geometry (e.g., not infinite baths) 
-  There is nothing special about ½ the solute here (perhaps only a few 
molecules are needed, or perhaps a lot are)  



Exercise 

To wiggle your big toe, neural messages travel along a single neuron that stretches from the base 
of your spine to your toe. Assume that the membrane of this neuron can be represented as a 
uniform cylindrical shell that encloses the intracellular environment, which is represented as a 
simple saline solution. The diameter of the shell is 10 µm and the length is 1 m. Assume that 10−15 
moles of dye are injected into the neuron at time t = 0 and at a point located in the center of the 
neuron, which we will refer to as the point z = 0. Assume that the dye diffuses across the radial 
dimension so quickly that the concentration of dye c(z,t) depends only on the longitudinal direction 
z and time t. Assume that the diffusivity of the dye in the intracellular saline is D = 10−7 cm2/s and 
that the membrane is impermeant to the dye. 

  Determine the amount of time t1 required for 5% the injected dye to diffuse to points outside the 
region −1 mm< z < 1 mm. 

   Determine the amount of time t2 required for half the injected dye to diffuse to points outside the 
region −1 mm< z < 1 mm. Determine the ratio of t2 to t1. Briefly explain the physical significance of 
this result. 

  Determine the amount of time t3 required for 5% the injected dye to diffuse to points outside the 
region −10 mm< z < 10 mm. Determine the ratio of t3 to t1. Briefly explain the physical significance 
of this result. 



Answers 

  Determine the amount of time t1 required for 5% the injected dye to diffuse to points outside the 
region −1 mm< z < 1 mm. 

3.5 hours 

   Determine the amount of time t2 required for half the injected dye to diffuse to points outside the 
region −1 mm< z < 1 mm. Determine the ratio of t2 to t1. Briefly explain the physical significance of 
this result. 

1.3 days 

  Determine the amount of time t3 required for 5% the injected dye to diffuse to points outside the 
region −10 mm< z < 10 mm. Determine the ratio of t3 to t1. Briefly explain the physical significance 
of this result. 

14.5 days 



Exercise 

To wiggle your big toe, neural messages travel along a single neuron that stretches from the base 
of your spine to your toe. Assume that the membrane of this neuron can be represented as a 
uniform cylindrical shell that encloses the intracellular environment, which is represented as a 
simple saline solution. The diameter of the shell is 10 µm and the length is 1 m. Assume that 10−15 
moles of dye are injected into the neuron at time t = 0 and at a point located in the center of the 
neuron, which we will refer to as the point z = 0. Assume that the dye diffuses across the radial 
dimension so quickly that the concentration of dye c(z,t) depends only on the longitudinal direction 
z and time t. Assume that the diffusivity of the dye in the intracellular saline is D = 10−7 cm2/s and 
that the membrane is impermeant to the dye. 

The following plot shows the 
concentration of dye as a function of time 
for a particular point at z0 > 0.  

 Determine z0. 



Freeman 



Diffusion Through Cell Membranes: History 101 


