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Modified Raoult’s law 

Bubble and dew points calculations 
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Henry’s Law

 Application of Raoult’s law to species i requires a value for Pi
sat at the temperature of 

application, and thus is not appropriate for a species whose critical temperature is less than the 

temperature of application.

 If a system of air in contact with liquid water is presumed at equilibrium, then the air is 

saturated with water. 

 The mole fraction of water vapor in the air is usually found from Raoult’s law applied to the 

water with the assumption that no air dissolves in the liquid phase.

Simple Models For VLE
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 If we wish to calculate the mole fraction of air dissolved in the water, the Raoult’s law cannot 

be applied, because the critical temperature of air is much lower that surrounding temperature. 

 This problem can be solved by Henry’s law:                   yi P = xiHi

Simple Models For VLE

 Henry’s law applied 

 For pressures low enough that the vapor phase may be assumed an ideal gas 

 For a species present as a very dilute solute in the liquid phase, Henry's law then states that the 

partial pressure of the species in the vapor phase is directly proportional to its liquid-phase 

mole fraction

calculate the mole fraction of air dissolved in the water at 25°C
Example 
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Example Air(1) / water(2) system

satsat PPxPy 2222 

5

1

1
1 1035.1

72950

013.19688.0 



H

Py
x

We assume that no air dissolves in the liquid phase. Since x2  1, Raoult’s 
law is used for water

At 25°C  and 1 atm pressure,  y2 = 3.166 / 101.3 = 0.0312

3 % of water in vapor at saturation
Raoult’s law cannot be applied to air, because the critical temperature of air 
(N2, O2) is much lower than 25°C. 
Using Henry’s law

Raoult’s law for water is justified

<< 1

From steam table

Henry’s constant for CO2
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Example 10.2  CO2 (1) / water (2)

Compositions of the vapor and liquid phases in sealed soda bottle and the pressure excerted 

at 283.15 K (10°C)?

( At 10°C, H1 (CO2) = 990 bar, P2
sat = 0.012 bar  )

F = 2 We need to specify one more variable !

111 HxPy  satPxPy 222 
We set x1 = 0.01

Adding two equations
satPxHxP 2211  = 9.91 bar

0012.0
91.9

012.099.022
2 




P

Px
y

satRaoult’s law for water

The vapor phase is nearly pure CO2
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Modified Raoult's law

 The solution nonideality in the liquid phase is taken into account 

sat
iiii PxPy  i activity coefficient

There may be severe nonideality in solutions even at low pressures

 Activity coefficients are functions of temperature and liquid phase composition                           

 Dependence on pressure is usually neglected

sat
iii

i

PxP 

sat
i

i
ii Py

P



/

1

for BUBL calculations

for Dew calculations
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Example 10.3  methanol (1) / methyl acetate (2)  (methyl ethanoate) 

Example

TAAxAx 00523.0771.2lnln 2
12

2
21  

Antoine equations for vapor pressures

(a) (BUBL P)  P and yi for T = 318.15 K and x1 = 0.25 

(b) (DEW P)   P and xi for T = 318.15 K and y1 = 0.60   need iterations

(c) (BUBL T)  T and yi for P = 101.3 kPa and x1 = 0.85   need iterations

(d) (DEW T)  T and xi for P = 101.3 kPa and y1 = 0.4    need iterations

(e) azeotrope

methanol methyl acetate 
A 16.5785 14.2456
B 3638.27 2662.78
C 239.5 219.69
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(BUBL P)  P and yi for T = 318.15 K and x1 = 0.25

Example Cont.

107.115.31800523.0771.200523.0771.2  TA

TAAxAx 00523.0771.2lnln 2
12

2
21  

satsat PxPxP 222111  

sat
iiii PxPy 

P1
sat = 44.51 P2

sat = 65.64 kPa

1 = exp( Ax2
2 ) = exp( 1.1070.752 ) = 1.864

2 = exp( Ax1
2 ) = exp( 1.1070.252 ) = 1.072

P = 0.251.86444.51 + 0.41.07265.64 = 73.50 kPa

y1 = 0.282    y2 = 0.718 
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 (DEW P)  P and xi for T = 318.15 K and y1 = 0.60 need iterations

satsat PyPy 222111 //

1

 


sat
ii

i
i P

Py
x




sat
i

i
ii Py

P



/

1

 xi are unknown, assume

Example Cont.

Step 1

Step 2

Step 3
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 Use the values of x1 and xi to calculate 1 and 2

Example Cont.

 And repeat steps 1-4 to get conversion

Step  4
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(BUBL T)  T and yi for P = 101.33 kPa and x1 = 0.85

Example Cont.

o Re-arrange Antoine’s equation so that the saturation temperatures  of the components at the 
given pressure P can be calculated

i
i

isat
i C

PA

B
T 




)ln(
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Example Cont.

TA 00523.0771.2 
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 However. if the calculated pressure is greater than the given pressure, a lower temperature is 

guessed and the calculation repeated, whereas if the calculated pressure is too low. a higher 

temperature is tried,.

Example Cont.

sat
iii

i

PxP 

2
12

2
21 lnln AxAx  

 If then Pnew=Pold;  oldnew PP
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o Solve for new T (using one of the vapour pressure-temperature equations:

Example Cont.
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Example Cont.
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Example
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Example Cont.
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Example Cont.


