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 The Rate-Process Equation for Equivalent Conductivity
The rate-process equation for equivalent conductivity can be derived by recalling the fundamental 

relation between the ionic drift velocity (𝑣𝑑) and current density (𝐽) for cation first i.e.

𝐽 = 𝑧+𝑐𝐹𝑣𝑑 (110) 

Where z is the charge number and c is the concentration of the ions. The symbol F represents the Faraday 
constant. Also, the drift velocity can be assumed as the resultant velocity of the velocity of ions in the direction 
of the force field (𝑣 ) and the velocity of ions in the opposite direction (�⃖�). Mathematically, we can say as given 
below. 

𝑣𝑑 = 𝑣 − �⃖� (111)

Now, since the velocity is also the ratio of average jump distance (l) to the average time between two successive 
jumps (τ), we can also write as 

𝑣 =
𝑙

𝜏

(112) 

Furthermore, the jump frequency i.e. number of jumps per unit of time (𝑘 = 1/𝜏) is simply the reciprocal of 
the mean time between successive jumps. Therefore, the velocities can also be written as 

𝑣 = 𝑙 �⃗� (113) 

�⃖� = 𝑙 �⃖⃗� (114) 

From the rate-process approach to ionic migration, the values of �⃗�  and �⃖⃗� were found to be

�⃖⃗� = 𝑘𝐷 𝑒
−𝑝𝑋 (115) 

and 

�⃗� = 𝑘𝐷𝑒
𝑝𝑋 (116)

Where 𝑘𝐷 is the jumping frequency for diffusion and X is simply the electric field. The expression for symbol

𝑝 = 𝑧+𝐹𝑙/2𝑅𝑇. Using values of �⃗�  and �⃖⃗� in equation (113, 114), we get

𝑣 = 𝑙 𝑘𝐷𝑒
𝑝𝑋 (117) 

�⃖� = 𝑙 𝑘𝐷 𝑒
−𝑝𝑋 (118) 

Now substituting the value of 𝑣  and �⃖� in equation (111), we have 

𝑣𝑑 = 𝑙 𝑘𝐷 𝑒
𝑝𝑋 − 𝑙 𝑘𝐷 𝑒

−𝑝𝑋 (119)
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 𝑣𝑑 = 𝑙 𝑘𝐷 (𝑒
𝑝𝑋 − 𝑒−𝑝𝑋) (120) 

Since 𝑒𝑝𝑋 − 𝑒−𝑝𝑋 = 2 𝑆𝑖𝑛ℎ 𝑝𝑋, the equation (120) can also be written as 

 𝑣𝑑 = 2𝑙 𝑘𝐷 2 𝑆𝑖𝑛ℎ 𝑝𝑋 (121) 

Now using the value of drift velocity from equation (121) in equation (110), we get the current density as 

 𝐽 = 𝑧+𝑐𝐹 (2𝑙 𝑘𝐷 2 𝑆𝑖𝑛ℎ 𝑝𝑋) (122) 

Therefore, it is obvious from the above expression that the current density varies hyperbolically with the 
applied electric field. 

  

Figure 7. The variation of current density with the applied electric field. 

 

Now since the 𝐽/𝑋 is equal to specific conductivity (σ), the above equation takes the form 

 
𝜎 =

𝐽

𝑋
= 𝑧+𝑐𝐹

(2𝑙 𝑘𝐷  2 𝑆𝑖𝑛ℎ 𝑝𝑋)

𝑋
 

(123) 

Since molar conductivity is 𝛬𝑚 = 𝜎/𝑐 and equivalent conductivity is 𝛬𝑒𝑞 = 𝛬𝑚/𝑧+; the equation (123) gives 

 
𝛬𝑒𝑞 =

𝛬𝑚
𝑧+
=
𝜎

𝑧+𝑐
= 𝑧+𝑐𝐹

(2𝑙 𝑘𝐷 2 𝑆𝑖𝑛ℎ 𝑝𝑋)

𝑧+𝑐𝑋
 

(124) 

 
𝛬𝑒𝑞 = 𝐹

(2𝑙 𝑘𝐷 2 𝑆𝑖𝑛ℎ 𝑝𝑋)

𝑋
 

(125) 

Which is the equation for equivalent conductivity. 
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