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  SOLUTION & COLLIGATIVE PROPERTIES  

ABNORMAL MOLAR MASSES 

 

ABNORMAL MOLAR MASSES:  

Theoretical molecular mass values, derived from colligative properties in solution calculations, 

can sometimes diverge from experimentally determined values, resulting in what is commonly 

known as abnormal molar masses. Van't Hoff proposed an explanation for this phenomenon, 

elucidating that when solutes dissolve in a solvent, they often dissociate into ions. Given that 

colligative properties are contingent solely on the number of solute particles, the dissociation of 

solute molecules into ions increases the particle count, consequently impacting colligative 

properties. 

For instance, when 1 mole of NaCl dissolves in 1 kg of water and fully dissociates, the resulting 

solution contains 1 mole of Cl⁻ ions and 1 mole of Na⁺ ions, totalling 2 moles of ions. However, in 

calculating the molar mass using colligative properties, only 1 mol of NaCl is considered present 

in the solution. 

Certain substances exhibit association in the aqueous state, resulting in fewer ions or molecules 

in the solution compared to the actual number of molecules. Consequently, for substances that 

dissociate, the observed molar mass is lower than the actual mass, while for substances that 

associate, the real mass is lower than the observed molar mass. 

The abnormality in molecular mass can be explained as follows: 

 The dissociation of solute molecules into multiple ions increases the number of particles, 

subsequently elevating colligative properties. 

 As the molar mass is inversely proportional to colligative properties, its value tends to be 

lower than anticipated. 

 Conversely, when solute particles associate, the total particle count decreases, resulting in a 

reduction of colligative properties. In such cases, the observed molar mass values are higher 

than expected. 

 
SOLUTE DISSOCIATION OR IONIZATION: 

Abnormal colligative properties  

It has been noted that the disparity between the observed and calculated molecular masses of a 

solute arises from the association or dissociation of solute molecules in the solution. This leads to 

a modification in the number of particles present in the solution. 

 

Association of solute particles 

Association refers to the creation of a larger molecule through the combination of two, three, or 

more solute molecules. 

Let 'n' simple molecules combine to give an associated molecule as:  

n(X)

non polar
ሱ⎯⎯⎯⎯⎯ሮ
ር⎯⎯⎯ሲ

solvent

  

  

(X)୬ 

 n single                 one bigger 

molecules  molecule. 
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Consequently, the overall number of particles in the solution is reduced compared to the initial 

number of molecules dissolved, leading to lower values of colligative properties. Given that the 

molar mass of the solute is inversely proportional to colligative properties, the molar mass of 

the solute will exceed the theoretical value. 

 

DISSOCIATION OF SOLUTE MOLECULES  

Electrolyte molecules undergo ionization or dissociation in ionizing solvents, resulting in the 

formation of two or more particles in the solution. 

For example, AB ionizes in solution to give two particles.  

AB 

ionizing  
ሱ⎯⎯⎯⎯⎯⎯⎯⎯ሮ
ር⎯⎯⎯⎯⎯ሲ
solvent  

  

  

 Aା  + Bି 

This dissociation leads to a rise in the overall number of particles, consequently causing higher 

values for the colligative properties of such solutions. Since colligative properties are inversely 

correlated with molecular weight, the molecular weight of an ionizable solute will be lower than 

the theoretical value. 

 

Van't Hoff factor (i)  

To quantify the degree of association or dissociation that specific solutes are anticipated to 

undergo in a solution, Van't Hoff introduced a factor in 1886 known as the Van't Hoff factor (i). 

The factor i is defined as: 

i = 
୭ୠୱୣ୰୴ୣୢୡ୭୪୪୧୥ୟ୲୧୴ୣ ୮୰୭୮ୣ୰୲୷

୒୭୰୫ୟ୪ୡ୭୪୪୧୥ୟ୲୧୴ୣ ୮୰୭୮ୣ୰୲୷
 

 

i = 
୒୭୰୫ୟ୪୭୰ ୟୡ୲୳ୟ୪୫୭୪ୣୡ୳୪ୟ୰ ୵ୣ୧୥୦୲

୭ୠୱୣ୰୴ୣୢ ୫୭୪ୣୡ୳୪ୟ୰ ୫ୟୱୱ.
 

When solute particles associate in a solution, resulting in an observed molecular weight higher 

than the standard, the factor 'i' has a value less than unity (i.e., i < 1). Conversely, for dissociation, 

where the observed molecular weight is lower than the normal molecular weight, the value of 'i' 

is greater than unity (i.e., i > 1). 

 

Van't Hoff factor and degree of dissociation  

The portion of the overall number of molecules that undergoes dissociation in the solution into 

simple ions or molecules is referred to as the degree of dissociation. 

  i = 
୬୳୫ୠୣ୰ ୭୤ ୮ୟ୰୲୧ୡ୪ୣୱୟ୤୲ୣ୰ ୢ୧ୱୱ୭ୡ୧ୟ୲୧୭୬

୒୳୫ୠୣ୰ ୭୤ ୮ୟ୰୲୧ୡ୪ୣୱ୧୬୧୲୧ୟ୪୪୷ ୲ୟ୩ୣ୬.
 

Calculation of 'i'  

Let, solute be AxBy  

AxBy  x Ay+ + yBx– 

Initial mol     1            0          0  

after dissociation            1 –            x  y 

Total no. of solute particles  

              = 1 – + x+ y 

          = 1 – + (x + y)  

          = 1 – + n   [where x + y = n (total ions.)]  
(i)  observed colligative properties  observed number of solute particles observed colligative  

properties  (1 –  + n)  
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(ii)  Normal colligative properties  1 
ୣ୯ (୧)

ୣ୯ (୧୧)
 → i = 

ଵ –  ା ୬
ଵ

  

 
i – 1 =  (n – 1) 

 

α = 
୧ – ଵ

୬ – ଵ
  

  for strong electrolytes:  = 1 or 100% so i = n (total no. of ions) 

 

OSMOTIC PRESSURE OF MIXTURE OF TWO SOLUTIONS: 

Case-1: 

Let two solutions of same substance having different osmotic pressure π₁ and π₂ are mixed.  

The resultant solution has osmotic pressure is given by  

π₁V₁+π₂V₂ = πR(V₁+V₂) 

Equal volumes of two isotonic solutions are mixed. 
 

      πresultant = 
஠ଵ୚ଵା஠ଶ୚ଶ

𝐕𝟏ା𝐕𝟐
 = π 

Note:  π1 = π2 = π and V1 =V2  = V are given. 

 

Case-2: 

Let n1 and n2 are the number of moles of two different solutes present in V₁ and V₂ volumes 

respectively. Then, the osmotic pressure of the mixture is given by 

π = π₁ + π₂ = 
୬భ୧భୖ୘ 

(୚₁ା୚₂)
 +  

୬₂୧₂ୖ୘ 

(୚₁ ା ୚₂)
 

∴                                                                π = CRT 

∴                                                                π = 
୬ 

୚
 RT 

            π = 
୬భ୧భା୬₂୧₂ 

(୚₁ା୚₂)
 × RT 

i1 & i2 are Van't Hoff factors for two solutes 

 


