


Elevation of boiling point (ΔTb)

• When the solute dissolved in a solvent, the 
solute will be lowers the V.P. of the pure solvent.

• The V.P. curve for solution lies

below that pure solvent.

• The  ratio of ΔTb and ΔP at 

100 0C is approximately constant.

AC= lower V.P=ΔP= P0-P

AB= Elevation Tb = ΔT= Tb-T0

ΔTb/ΔP= K’
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C



ΔTb=K’ΔP *P0/P0 ΔTb = K’P0 ΔP/P0

ΔTb = K X2 ……..K= K’P0 = constant and ΔP/P0= X2

X2= m*Mw1/1000

ΔTb = K m*Mw1/1000 

ΔTb =Kb m  ………… Kb= K Mw1/1000 = constant

Kb: molal elevation constant (ebullioscopic constant) it 
is characteristic value for each solvent 

• From clapyron equation, K= RTb
2/ΔHv

• Kb =RTb
2 Mw1/1000 ΔHv (constant)





The Tb determined by Cottell’s
boiling apparatus

Kb=ΔTb/m

at very dilute concentration C→0

and when ΔTb/m plotted against

m, so kb will be equal the 

intercept of ΔTb/m  axis

Kb= 0.51 for water solvent 

(aqueous solution)

ΔTb= 0.51*m for aqueous 

solutions



3- Freezing point depression 
S    Tm

Tf L

At the equilibrium S and L are identical escaping 
tendency. (such as transfer heat to cold)                
The P,T curve for pure solvent and ΔTf is 
proportional to the m

A > B

ΔTf = T0-Tf = Kf m
Where Kf is the molal depression                    

constant ( cryoscopic constant)

Depend on the chemical and physical

Properties of solvent.
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From Clapyron equation

Kf = RTf
2 Mw1/1000 ΔHf

Kf for water=1.86 deg.kg.mol-1

the Tf determination by Beckman freezing point apparatus 







• Kf= ΔTf / m

• At very dilute 
concentration  m → 0 and 
when ΔTf / m plotted 
against m, kf will be equal 
to the intercept of ΔTf / m 
axis .

• Kf = 1.86 for aqueous 
solution 

• Note: Citric acid is 
electrolyte solution 





4- Osmotic pressure(π)
Osmosis defined as the passage of the solvent into 

a solution through a semi permeable membrane 

The membrane may act a sieve having a pore size 
sufficient to allow passage of solvent but not of 
solute molecules.

The escaping tendency or ΔG of 

Pure solvent molecules > 

solvent molecules in solution

ΔG solution- ΔG solvent < 0



Solvent therefore passes spontaneously in to the 
solution until the chemical potential are identical 
(at equilibrium) or ΔG =o

The osmotic pressure π obtained by movement of 
solvent molecules into the solution through the 
membrane, and proportional to concentration of 
solute present.  

π V = nRT π = nRT/ V           π= CRT

C:- molarity (Van’t Hoff equation)

C:- molality (morse equation) more accurate    





Molecular weight determination 

1- from lowering of vapor pressure:
ΔP/P0= X2 ≈n2/n1=(w2/Mw2)/(w1/Mw1)          Mw2= (w2Mw1P0)/(w1ΔP)

2- from boiling point elevation:
ΔTb=Kbm = Kb (w2/Mw2)(1000/w1)           Mw2= Kb 1000 w2/(ΔTbw1)

3- from freezing point elevation:

ΔTf =Kf m            Mw2= Kf 1000 w2/(ΔTf w1)

4- from Osmotic pressure:

π = CRT= (w2/Mw2)RT/(V/1000)           Mw2= [(w2 1000)/V] * RT/π

Mw2= cRT/π …….     c: g/L









Relation-ship between colligative properties 

π= mRT,   ΔTf=mKf,    ΔTb= mKb,    Δp=m 0.018 P0

m=π/RT  =   ΔTf/Kf = ΔTb/ Kb      =     Δp/ 0.018 P0

π= (RT/Kf)ΔTf , (RT/Kf)= 22.4/1.86 =12

So 

π=12 ΔTf for aqueous solution

Lewis suggested the equation:

π = 12.06  ΔTf – 0.021 ΔTf
2

and   π=(RT/Kb) ΔTb, (RT/Kb) = 22.4/0.51= 44

π = 44  ΔTb        for aqueous solution




