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Chapter: Distribution Law 

Distribution Law: Statement: Nernst distribution law When two 

immiscible solvents A and B taken in a beaker, they form 

separate layers. ... “ if a solute X distributes itself between two 

immiscible solvents A and B at constant temperature and X is 

in the same molecular condition in both solvents. 

 When two immiscible solvents A and B taken in a 

beaker, they form separate layers. Now a solute X which  is 

soluble  in both solvents  is added,  it gets distributed  or 

partitioned between them. Molecules of X pass from solvent A 

to B and from B to A. finally a dynamic equilibrium is set up. 

At equilibrium, the rate, at which molecules of X pass from 

one solvent to the other is balanced. 

𝐶𝑜𝑛𝑐𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛  𝑜𝑓 𝑥 𝑖𝑛 𝐴

𝐶𝑜𝑛𝑐𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛  𝑜𝑓 𝑥 𝑖𝑛 𝐵
 = a Constant 

Nernst (1891) studied the distribution of several solutes 
between different appropriate pairs of solvents. He gave a 
generalization which governs the distribution of a solute 
between  two  non-miscible  solvents.  This  is  called  
Nernst’s  Distribution law  or Nernst’s Partition law or 
simply Distribution law or Partition law. 

It states that,  

“ if a solute X distributes itself between two immiscible 

solvents A and B at constant temperature and X is in 

the same molecular condition in both solvents.” 

𝐶𝑜𝑛𝑐𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛  𝑜𝑓 𝑥 𝑖𝑛 𝐴

𝐶𝑜𝑛𝑐𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛  𝑜𝑓 𝑥 𝑖𝑛 𝐵
 = KD 



If 𝐶1     denotes the concentration of the solute in solvent A and 𝐶2   the 

concentration in solvent B, Nernst’s Distribution law can be expressed as 
𝐶1

𝐶2
 = KD 

The  constant KD        (or  simply  K)  is  called  the  distribution  coefficient  or  

Partition coefficient or Distribution ratio. 

When  a solute  is shaken  with two  non-miscible  solvents,  at 

equilibrium  both  the solvents are saturated with the solute. Since the 

solubility also represents concentration, 

the Distribution Law is also written as, 

𝐶1

𝐶2
 = 

𝑆1

𝑆2
 =KD 

Where    𝑆1  and   𝑆2     are the solubilities of the solute in the two solvents. 

Limitations of the Nernst Distribution Law: 

The law is valid when the molecular state of the solute is same in both the 

solvents. If the solute undergoes dissociation or association in any one of 

the solvents, then in such cases the distribution law no longer holds good. 

The distribution law can be applied in such cases with some 

modifications. 
Modification in case of association, dissociation and chemical 

changes 
1. Association  of the solute in one of the solvents. 

        Let X represents the molecular formula of the solute. Let 

it remain as such in the first phase marked I, in which its 

concentration is 𝐶1 Suppose it is largely associated to give the 

molecules (𝑋)𝑛   in the second phase marked II. The 

associated molecules will exist in equilibrium with single 

molecules as shown. 

Let 𝐶2     be the total concentration of the solute in this phase. 

  
 



 

Applying the law of chemical equilibrium to the equilibrium between the 

associated and single molecules, in the second phase, we have 

 

 



2.   Dissociation of the solute in one of the solvents. 
 

Let X, as before, represent  the normal formula of the solute. 

Suppose,  it does not dissociate in the solvent marked I, but 

dissociates into A and B in the solvent marked  II 

 

 

 

 

 



Limitations of Distribution law 
 

The two essential prerequisites for the validity of the distribution law 

are: 
 

1.   Constant temperature and 
 

2.   Existence of similar molecular species in the two phases in 

contact with each other. 
 
          In addition, the following conditions are also necessary: 
 

3.   The solutions are dilute. 
 

4.   The two liquids are mutually insoluble or only very sparingly 

soluble (e.g., benzene and water) and their mutual solubility is 

not altered by the presence of the solute. 

Applications of the Nernst Distribution law: 

1. Study of Association of a solute 
If a solute associates in one of the solvents in which its 

concentration is C1   but not in the other in which its 

concentration isC2 then n being the number of simple 

molecules which combine to form one associated molecule. 

 



 

 

--------------END------------
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ADSORPTION 

 

Langmuir’s adsorption isotherm their significance, BET equation (no 

derivation). Application of BET equation in the determination of surface 

area of adsorbent.                                              3Hrs 
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https://youtu.be/s8ChYf7k69o  

 

 

 

 

 

 

 

 

https://youtu.be/s8ChYf7k69o
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Adsorption isotherm :An adsorption isotherm is a graph that 

represents the variation in the amount of adsorbate(x) adsorbed on the 
surface of the adsorbent with the change in pressure at a constant 
temperature. 
 

 
 
From the graph, we also observe that after attaining a pressure Ps, that is 
the saturation pressure, the variation in the amount of adsorbent adhering to 
the adsorbate becomes zero. This happens because the surface area 
available for adsorption is limited and as all the sites are occupied, a further 
increase in pressure does not cause any difference. 

Different adsorption isotherms have been proposed by different scientists 
namely, 

 Langmuir isotherm 

 Freundlich isotherm 

 BET theory 
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 Langmuir  Adsorption Isotherm: (1916) 

Assumptions: 

1. Surface of solid is made up of elementary sites each of which absorbs 
gas molecules. 

2. Surface of solid is homogeneous( have Same affinity). 
3. Absorbed gas behaves Ideally. 
4. Only monolayer is formed on the surface. 
5. No lateral interaction. 
6. Absorbed molecules are localized.  

OR 

7.  
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BET (Brunauer, Emmett and Teller )Adsorption Isotherm: 

The theory of multilayer adsorption proposed by Brunauer, 
Emmett and Teller in 1938 (BET Theory) assumes that 

physisorption results in the formation of multilayer adsorption. The 
theory also assumes that the solid surface has uniform sites of 
adsorption and that adsorption at one site does not affect adsorption 
at neighbouring sites. 

After the formation of the monolayer, the adsorption process can 
continue with the formation of multilayer involving the second layer, 
third layer and so on. 

The equation for BET is 
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𝐕𝐭𝐨𝐭𝐚𝐥 = 
𝐕𝐦𝐨𝐧𝐨 𝐂 

𝐏

𝐏𝟎

𝟏−
𝐏

𝐏𝟎
 {𝟏+𝐂 (

𝐏

𝐏𝟎
)− (

𝐏

𝐏𝟎
)}
  

 

This is the required BET equation for multilayer adsorption of gaseous 

molecules on adsorbent surface. 

Where V   =     Volume of the gas (reduced to STP) adsorbed at given  

                         pressure P and constant temperature. 

   Vm =    Volume of the gas (reduced to STP) adsorbed  when the        

                        surface is completely covered bya unimolecular layer. 

     P   =    equilibrium pressure of adsorbate. 
     𝐏𝟎 =   saturation pressure of adsorbate 

     𝑐   =    BET constant = exp (𝐸1−𝐸𝐿/ 𝑅T). 

            𝐸1 =   heat of adsorption for the first layer . 
            𝐸𝐿 =   heat of vaporization or heat of liquefaction of the gas. 
 

Above Equation  can be written as 
 

BET equation can be plotted to determine monolayer adsorbed gas 
quantity and the BET constant 
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From the monolayer absorbed gas volume (vm), we can determine 

total and specific surface area. 

 

 

𝑆𝐵𝐸𝑇 = 
6.023𝑥1023

𝑎 𝑥 22400
 𝑉𝑚 x  S. 
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