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Henry's Law  

Application of Raoult's law to species i requires a value for   
    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. Thus, the liquid water is regarded as 

pure and Raoult's law for the water (species 2)  becomes y2 P =   
    At 298.15 K (25

o
C) 

and atmospheric pressure, this equation yields: 

 

 

where the pressures are in kPa, and   
    comes from the steam tables. 

 

 

 

 

 

 

 

 

 

 

If one wishes to calculate the mole fraction of air dissolved in the water, then Raoult's 

law cannot be applied, because the critical temperature of air is much lower than 298.15 

K (25°C). This problem can be solved by Henry's law, applied here for pressures low 

enough that the vapour 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 vapour phase is directly proportional to its liquid-phase mole fraction. 

Thus,  
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where     is Henry's  constant. Values of    come from  experiment, and Table 10.1 lists  

values at 298.15 K (25°C) for a few gases dissolved in  water. For the air/water system  at  

298.15 K (25°C) and atmospheric pressure, Henry's law applied to the air (species 1) with  

yl = 1 - 0.0312 = 0.9688 yields: 

 

 

This result justifies the assumption made in application of Raoult's law to the water. 
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10.5  VLE BY MODIFIED RAOULT'S LAW  

For low to moderate pressures a much more realistic equation for VLE results when the 

second major Raoult's-law assumption is abandoned, and account is taken of deviations 

from solution ideality in the liquid phase by a factor inserted into Raoult's law, modified 

to read: 

 

The factor    is called an activity coeficient. Bubblepoint and dewpoint calculations made 

with this equation are only a bit more complex than the same calculations made with 

Raoult's law. Activity coefficients are functions of temperature and liquid-phase 

composition, and ultimately are based on experiment (Sec. 12.1). For present purposes, 

the necessary values are assumed known. 

Because ∑    = 1, Eq. (10.5) may be summed over all species to yield: 

 

 

Alternatively, Eq. (10.5) may be solved for xi, in which case summing over all species 

yields: 
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Dewpoint and bubblepoint calculations are readily made with software packages such as 

Mathcad@  and Maple@,  in which iteration is an integral part of an equation-solving 

routine.  Mathcad programs for solution of Ex. 10.3, parts (a) through (d), are given in 

App. D.2. Calculations for  multicomponent systems made without simplifying 

assumptions are readily carried out in like manner by computer. The procedures are 

presented in Sec. 14.1 

10.6  VLE FROM K-VALUE CORRELATIONS 

A convenient measure of the tendency of a given chemical species to partition itself 

preferentially between liquid and vapor phases is the equilibrium ratio Ki, defined as: 

   
  

  
                                                        (10.10) 

This quantity is usually called simply a K-value. Although it adds nothing to 

thermodynamic knowledge of VLE, it does serve as a measure of the "lightness" of a 
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constituent species, i.e., of its tendency to favour the vapour phase. When Ki is greater 

than unity, species i exhibits a higher concentration in the vapour phase; when less, a 

higher concentration in the liquid phase, and is considered a "heavy" constituent. 

Moreover, the use of K-values makes for computational convenience, allowing 

elimination of one set of mole fractions.{yi}  or {xi) in favour of the other. 

Reference to Eq. (10.1) shows that the K-value for Raoult's law is: 

 

 

and reference to Eq. (10.5) shows that for modified Raoult's law it is: 

 

 

According to Eq. (10.10), yi = Kixi; because ∑    = 1, then 

 

 

Thus for bubblepoint calculations, where the xi are known, the problem is to find the set 

of K- values that satisfies Eq. (10.13). Alternatively, Eq. (10.10) can be written, xi = 

yi/Ki; because ∑    = 1, then 

 

 

Equations (10.1 1) and (10.12) together with Eq. (10.10) represent alternative forms of 

Raoult's law and modified Raoult's law. The great attraction of Raoult's law is that it 

expresses K-values as functions of just T and P, independent of the compositions of the 

liquid and vapour phases. Where the assumptions which underlie Raoult's law are 

appropriate, this allows K-values to be calculated and correlated as functions of T and P. 

For mixtures of light hydrocarbons and other simple molecules, in which the molecular 

force fields are relatively uncomplicated, correlations of this kind have approximate 

validity. Figures 10.13 and 10.14, show monographs for the K-values of light 

hydrocarbons as functions of T and P, prepared by Dadyburjor
7
. They do allow for an 

average effect of composition, but the essential basis is Raoult's law. 
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Flash Calculations 

An important application of VLE is the flash calculation. The name originates from the 

fact that a liquid at a pressure equal to or greater than its bubblepoint pressure "flashes" 

or partially evaporates  when the pressure is reduced, producing a two-phase system of 

vapour and liquid in equilibrium. 

We consider here only the P, T-flash, which refers to any calculation of the quantities and 

compositions of the vapour and liquid phases making up a two-phase system in 

equilibrium at known T, P, and overall composition. 

Consider a system containing one mole of nonreacting chemical species with an overall 

composition represented by the set of mole fractions {zi }. Let L be the moles of liquid, 

with mole fractions {xi},  and let V  be the moles of vapour, with mole fractions {yi}.  

The material-balance equations are: 

L+V=1 

                                                   ( i=1,2,3………..N) 

Combining these equations to eliminate L gives: 

                                 ( i=1,2,3………..N)                                 (10-15) 

Substituting xi = yi  / Ki , and solving for yi yields: 

 

 

 

The initial step in solving a P, T-flash problem is to find the value of V which satisfies 

this equation. Note that V = 1 is always a trivial solution.  
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