
Colligative properties 

of solutions



Vapor pressure of the liquid
pº(A)...vapor pressure of the pure solvent

p(A)...vapor pressure of the solution (solid substance B is dissolved)

t = const.

Raoult’s law (end of 19th cent.): t = const.

X(A)... mole fraction of solvent A in the solution

pº(A) > p(A)

p(A) = pº(A)�X(A)

X(A)... mole fraction of solvent A in the solution

In the solution is less likelihood of release solvent molecules in the vapor than 
in the pure solvent



Boiling point elevation and freezing 

point depression

• BOILING POINT.... the 
temperature at which 
the vapor pressure is 
equal to atmospheric 
pressurepressure

• FREEZING POINT....
temperature at which 
the solid and liquid 
phases are in 
equilibrium, ie, have the 
same vapor pressure



Boiling point elevation and freezing 

point depression
Raoult: XA +  XB = 1 pA = p°A (1 - XB)

p°A – pA = ∆p = p°A � XB

∆p ~ ∆T

If ∆p is proportional with XB then is ∆T proportional with XB ie

∆T ~ p°A � XB

With various simplifications we get:

respectively

∆T<boiling point elevation and freezing point depression of solution

bB<molality of dissolved substance B

Kb<cryoscopic constant of solvent 

Eb<ebulioscopic constant of solvent

∆T = Kb � bB ∆T = Eb � bB



Ideal solutions

• Raoult's law is valid only 
for the ideal solution, that 
is a very diluted solution 
in which there is no 
attractive force between 
the dissolved particlesthe dissolved particles

• Only at these conditions 
the vapor pressure of the 
solution depends only on 
the relative number of 
solvent molecules and 
solute particles, and not 
on their type.



Determination of molecular weight

• Experimental determination of ∆T of 

known mass of solvent (mA) and solute 

(mB), can determine the molar mass of the 

solute MB:solute MB:
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Osmosis and osmotic pressure

• OSMOSIS... solvent molecules pass through the semi-
permeable membrane from a solution of lower 
concentration in a solution of higher concentration.

• Passing of solvent continues until the hydrostatic 
pressure is equal to the force of diffusion. Then it 
establishes a dynamic equilibrium.



Osmosis and osmotic pressure

• The equilibrium hydrostatic pressure in amount is equal 
to the osmotic pressure of the solution П

• Van’t Hoff equation:

orП � V = n � R � T П = c � R � Tor

applies for ideal solutions

• With experimental determination of П the M of protein 
can be determined by.

• Osmosis is essential for cell function

П � V = n � R � T П = c � R � T





Osmosis

• The cell membrane is semipermeable

• The cell is a solution of various salts, sugars, etc..

• If the cells are in a solution of higher concentration, the water exits from the 
cell , it shrivels ..... plasmolysis

• If the cell is in a solution of lower concentration, the water enters in it and 
the cell ruptures.

• Isotonic solution .... solution of the same osmotic pressure as in the cell. 
0.95% NaCl solution is isotonic with the blood cell solution.0.95% NaCl solution is isotonic with the blood cell solution.



Electrolyte solution



Electrolyte solution

• ELECTROLYTES.... substances which 

produce ions in water

• Strong electrolytes .... completely 

dissociated into ions (NaCl, HCl)dissociated into ions (NaCl, HCl)

• Weak electrolytes ... partially dissociated 

into ions(CH3COOH, HgCl2)



Colligative properties of 

electrolytes
• For some electrolyte molality, b, there exists a greater 

number of particles, so it proportionately changes the 
partial pressure of solvent above the solution, freezing 
point, boiling point and osmotic pressure:

∆T = i � Kb � bB

π � V = i � n � R � T

i... Van't Hoff factor, determined experimentally, and at 
low concentrations is equal to the number of dissociated 
ions



Molar conductivity of the 

electrolyte
• Ions in solution conduct electricity

• Electrical conductivity of the electrolyte, К (S cm-1) 

depends on: type of ions

concentration of ions

• Molar conductivity of electrolyte, Λ (S cm2 mol-1) is 

defined:

(S cm2 mol-1)

c

κ
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Molar conductivity of STRONG

electrolytes
• Λ is independent of the concentration and 

electrolytes can be compared. Since Λ of 

strong electrolytes at low concentrations 

slightly dependent on the concentration, slightly dependent on the concentration, 

the term molar conductivity at infinite 

dilution Λ∞ is introduced



Molar conductivity of WEAK

electrolytes
• Λ of weak electrolyte depends on the concentration, it is 

very low at high and medium concentrations, but at high 

dilution increases steeply up to the values   that strong 

electrolytes have.

• This is because the proportion of dissociated molecules • This is because the proportion of dissociated molecules 

is less at higher and medium concentrations, and strong 

increases with dilution.

• German physicist Kohlrausch noticed that each type of 

ions characteristically contributes to the molar 

conductivity of electrolyte







• At infinite dilution molar conductivity of the 

electrolyte is the sum of the molar 

conductivity of ions

• Λ∞(Na SO ) = 2 Λ∞(Na+) + Λ∞(SO 2-) =• Λ∞(Na2SO4) = 2 Λ∞(Na+) + Λ∞(SO4
2-) =

= (2 · 50,1 + 160) S cm2 mol-1 = 260,2 S 

cm2 mol-1



• Small Li+ is more 

hydrated from a larger 

K+, and is less mobile. 

H+ is very small, but it 

has great has great 

conductivity.


