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Maxwell's Law of diffusion For Binary System 

Maxwell's postulated that the pressure gradient (dPA

A) The relative velocity of the molecules in the direction of diffusion. 

) in the direction of diffusion for a 
constituent of two components gaseous mixture was proportional to: 

B) The product of the molar concentration of the component. 
Thus; 
-dpAα CA CB (νA – νB
-dp

 )dz 
A= αAB CA CB (νA – νB

 
 )dz 

Where νA&νB
CA & CB = molar concentration of the component (A)&(B) respectively. 

= mean molecule of (A)&(B) respectively. 

 
At equilibrium, the partial pressure gradient of the diffusing gas =  dpA
 

 /dz. 

−𝑑𝑑𝑑𝑑A

𝑑𝑑𝑑𝑑
 = αAB

 

(𝜌𝜌A

𝑀𝑀A
) ( 𝜌𝜌B

𝑀𝑀 B
) (νA – νB ) 

NA=νA.CA  →  NA=νA.( 𝜌𝜌A

𝑀𝑀A
),   NB=νB.( 𝜌𝜌B

𝑀𝑀 B
) 

 
νA =NA .𝑀𝑀A

𝜌𝜌A
, νB =NB .𝑀𝑀B

𝜌𝜌B
 

 
−𝑑𝑑𝑑𝑑A

𝑑𝑑𝑑𝑑
= αAB (𝜌𝜌A

𝑀𝑀A
) ( 𝜌𝜌B

𝑀𝑀 B
) (NA.𝑀𝑀A

𝜌𝜌A
– NB .𝑀𝑀B

𝜌𝜌B
) 

 
−𝑑𝑑𝑑𝑑A

𝑑𝑑𝑑𝑑
= αAB (NA . 𝜌𝜌B

𝑀𝑀 B
– NB

𝜌𝜌A

𝑀𝑀A
) 

 
For ideal gas law; P.V = n. R.T,    CA = 𝑃𝑃A

𝑅𝑅.𝑇𝑇
= 𝜌𝜌A

𝑀𝑀A
 

 
−𝑑𝑑𝑑𝑑A

𝑑𝑑𝑑𝑑
= αAB (NA . 𝑃𝑃B

𝑅𝑅.𝑇𝑇
– NB . 𝑃𝑃A

𝑅𝑅.𝑇𝑇
) 

 
−𝑑𝑑𝑑𝑑A

𝑑𝑑𝑑𝑑
= 𝛼𝛼AB

𝑅𝑅.𝑇𝑇
(NA .PB  – NB .PA ) 

 
−𝑑𝑑𝑑𝑑A

𝑑𝑑𝑑𝑑
= 𝛼𝛼AB

𝑅𝑅.𝑇𝑇
(NA .(PT – PA) – NB .PA ) 

 
Diffusivity coefficient (DAB) = 𝑅𝑅2.𝑇𝑇2

𝛼𝛼AB.𝑃𝑃T
 

 
 



 
−𝑑𝑑𝑑𝑑 A

𝑑𝑑𝑑𝑑
= 

𝑅𝑅.𝑇𝑇  
𝐷𝐷AB 𝑃𝑃T

(NA.PT– NA.PA – NB.PA ) 

 
The above equation is Maxwell-equation. 
 
Where: R=gas constant,    T=temperature in  oK,o
PA,PB=partial pressure,   PT=total pressure.  

R. 

 
Now, applying the two cases that have been considered before, i.e. equimolardiffusion, 

and diffusion through stagnant layer, then we can reach to the final equation. 
 

a) For equimolar-counter-diffusion (EMD). 
 
NA = - NB 
 
 −𝑑𝑑𝑑𝑑A

𝑑𝑑𝑑𝑑
= 𝑅𝑅.𝑇𝑇  
𝐷𝐷AB 𝑃𝑃T

( NA.PT) 

 
NA= (−DAB

R.T
) (𝑃𝑃A2 – 𝑃𝑃A1

𝑍𝑍2 – 𝑍𝑍1
)     [Maxwell eq. for EMD] 

 
       b)For NB = 0 
 
-dpA = 𝑁𝑁A(  𝑅𝑅.𝑇𝑇  

𝐷𝐷AB 𝑃𝑃T
) (PT  – PA )dz 

NA= ( −𝐷𝐷AB

𝑅𝑅.𝑇𝑇
 )( 𝑃𝑃T

�𝑍𝑍2 – 𝑍𝑍1�
 )ln(𝑃𝑃T  – 𝑃𝑃A2

𝑃𝑃T  – 𝑃𝑃A1
) 

 
Note:PT = PA1 + PB1and PT = PA2 + PB2 ,   
PA1 + PB1 = PA2 + PB2   →   PA1 - PA2  =  PB2 -  PB1 
Therefore: 
 

NA= (-𝐷𝐷AB .  𝑃𝑃T

  𝑅𝑅.  𝑇𝑇 
)(  𝑃𝑃T

𝑃𝑃BM
) (𝑃𝑃A2  – 𝑃𝑃A1

 𝑍𝑍2 – 𝑍𝑍1
 )     [Maxwell eq. for NB=0] 

 
Where: (  𝑃𝑃T

𝑃𝑃BM
) = Drift factor. 

Drift factor (  𝑃𝑃T

𝑃𝑃BM
) = Represent the enhancement effect on mass transfer due to  

thenon diffusing component (B) and to total flow in the direction of diffusion. 
 
 
 
 



 
Maxwell's Law for Multi-Component Mass Transfer 

Consider the transfer of component (A) through a stationary gas consisting of 
component B, C, D … 

Suppose that the total partial pressure gradient can be regardedas being made  
up of series of terms, each represent the contribution of the individual component 
gases,  

-dpA= αAB CA CB (νA – νB )dz  (for binary system) 
 
But now we have: 
 
−𝑑𝑑𝑑𝑑A

𝑑𝑑𝑑𝑑
 = αAB CA CB (νA – νB ) + αAC CA CC (νA – νC ) + αAD CA CD (νA – νD ) + …………. 

 
For stationary gas (B, C, D) velocities of (B, C, D) = 0 
 
NA=νA.CA  →νA=𝑁𝑁A

𝐶𝐶A
 

 
−𝑑𝑑𝑑𝑑A

𝑑𝑑𝑑𝑑
 = [αAB  CB + αAC CC+ αAD CD ].NA 

 
Since  PB=CB. R. T ,    PC=CC. R. T ,    PD=CD. R. T 
 
−𝑑𝑑𝑑𝑑 A

𝑑𝑑𝑑𝑑
= (𝑁𝑁A

𝑅𝑅.𝑇𝑇
) [αAB  PB + αAC PC + αAD PD] 

 
When αAB = 𝑅𝑅

2.𝑇𝑇2

𝐷𝐷AB.𝑃𝑃T
, therefore: 

 
−𝑑𝑑𝑑𝑑 A

𝑑𝑑𝑑𝑑
 = 𝑁𝑁A ( 𝑅𝑅.𝑇𝑇  

𝑃𝑃T
) [ 𝑃𝑃B

𝐷𝐷AB
 + 𝑃𝑃C

𝐷𝐷AC
 + 𝑃𝑃D

𝐷𝐷AD
] 

 
NA = (−𝑃𝑃T

𝑅𝑅.𝑇𝑇
) [ 1

𝑃𝑃B
𝐷𝐷AB

 + 𝑃𝑃C

𝐷𝐷AC
 + 𝑃𝑃D

𝐷𝐷AD

]𝑑𝑑𝑑𝑑 A

𝑑𝑑𝑑𝑑
…….(*) 

 
NA = ( −𝑃𝑃T

𝑅𝑅.𝑇𝑇
) D

 

-𝑑𝑑𝑑𝑑 A

𝑑𝑑𝑑𝑑
 

 
 
 
 
 



Put  
1 
𝐷𝐷-

= 𝑃𝑃B

𝐷𝐷AB
 +  𝑃𝑃C

𝐷𝐷AC
 +  𝑃𝑃D

𝐷𝐷AD
 

 

Divided equation (*) by 
(𝑃𝑃T – 𝑃𝑃A) 
(𝑃𝑃T – 𝑃𝑃A)

: 
 
NA =−1 

𝑅𝑅.𝑇𝑇
𝑃𝑃T

(𝑃𝑃T – 𝑃𝑃A)
[

1
𝑦𝑦 B-

𝐷𝐷AB
  +  𝑦𝑦 C-

𝐷𝐷AC
  + 𝑦𝑦D-

𝐷𝐷AD

]𝑑𝑑𝑑𝑑A

𝑑𝑑𝑑𝑑
 

 

Where  
1 
𝐷𝐷-

 = 𝑦𝑦B-

𝐷𝐷AB
  +   𝑦𝑦C-

𝐷𝐷AC
  +  𝑦𝑦D-

𝐷𝐷AD
 

 
D-

 
 = effective Diffusivity = function of mole fraction 

NA=  − 𝐷𝐷-

𝑅𝑅.𝑇𝑇
𝑃𝑃T

�𝑃𝑃T – 𝑃𝑃A�
𝑑𝑑𝑑𝑑 A

𝑑𝑑𝑑𝑑
 

 
 
 -∫ dp A

(PT – PA)
PA

PA
 = ( 𝑅𝑅.𝑇𝑇

D-.PT
)NA∫ dZZ2

Z1  
 
After the integration: 
 

NA = (− 𝐷𝐷-

𝑅𝑅.𝑇𝑇
) (𝑃𝑃T

𝑃𝑃im
) (𝑃𝑃A2 – 𝑃𝑃A1

𝑍𝑍2 – 𝑍𝑍1
)[for multi-component gas system] 

 
 
Where: 
PT = PA +PB +PC +PD  [diffusing + nondiffusing] 
 
Pt = (PT - PA) = PB +PC +PD  [nondiffusing only] 
 
y-

B= PB/Pt  ,      y-
C= PC/Pt  ,      y-

 
D= PD/Pt 

andPim = (𝑃𝑃T – 𝑃𝑃A2) − (𝑃𝑃T – 𝑃𝑃A1)

ln (𝑃𝑃T – 𝑃𝑃A2)
(𝑃𝑃T – 𝑃𝑃A1)

 

 
 
 
 
 


