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Abstract 

Henry's law constants for 24 different systems have been determined using UNIFAC and 
related group contribution models. The results obtained from original, modified and free-volume 
effect UNIFAC models are compared with experimental results. Empirical relationships for the 
temperature-dependency of Henry's constant for the chloroform(l) water(2) system are also 
determined. 
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1. Introduction 

The Henry's law constant is an important  physical property that represents the 
ability of a chemical to partition between two phases. Knowledge of reliable Henry's 
law constants is necessary in many areas. For environmental purposes, it gives a direct 
measure of the partitioning between air and water and between water and soil  In 
toxicology, anaesthesiology and physiology partitioning between air and blood is 
related to the Henry's law constant [1]. Designing of gas-liquid contacting processes 
to clean contaminated waters with organic materials requires reliable information on 
phase equilibria of organic pollutants in water, which can be described by Henry's law 
constants. Temperature is the most important parameter  that affects the extent of 
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removal of volatile solutes in these processes [2]. Therefore data on Henry's law 
constants at different temperatures is required. 

Major water pollutants may be present at infinitely high dilutions and be sparingly 
soluble in water. Furthermore, it is difficult to measure the necessary data because of 
the low vapour pressures and limited solubilities. These are the main reasons for the 
limited data on Henry's law constants found in the literature I-3]. Therefore in the 
following work, Henry's law constants for 24 systems have been calculated using 
infinite dilution activity coeffÉcients calculated by the UNIFAC and related models. 
The reliability of the models' predictions is discussed. The temperature-dependency of 
Henry's law constants for some of the compounds is also obtained. 

2. Theoretical background 

For a given solute i at constant pressure and temperature, equilibrium exists between 
two phases when the fugacities, f~ in the phases • and fl are equal. 

f~ = f i  ~ (1) 

For vapour-liquid phase equilibria, ~ corresponds to vapour phase, v, and fl corre- 
sponds to the liquid phase, L. At low pressure and ambient temperature the vapour 
phase is assumed to behave ideally, so that the partial pressure, Pi, is equivalent to the 
vapour phase fugacity,f~ 

f [  = Pi = Yl P (2) 

where p is the system pressure and Yi is the mole fraction of component i in the vapour 
phase. The liquid phase fugacity of component i,f~ ~ can be expressed in several forms 
depending on the reference state chosen. 

uL = X iT i fO  (3) 

where xl is the mole fraction of component i in the liquid phase, f o  is the pure 
component reference fugacity in the liquid state and 7i is the activity coefficient at the 
system temperature and pressure. Normally the reference fugacity is the vapour 
pressure of the pure component i, pVap, if it is a liquid at the system temperature and 
pressure. As a result the phase equilibrium equation takes the form: 

Xi]) i pVap = Yi P (4) 

When the solute mole fraction is very low, the activity coefficient can be taken as the 
infinite dilution activity coefficient, 7~. Henry's law constant, H i, of solute i at ambient 
pressures is: 

H i  _ m vap (5) - -  ~)i P i  

where H i is the Henry's law constant in atm. 
With the knowledge of 7~ and yap Pi , the Henry's law constant for volatile different 

solutes in different solvents can be calculated. 
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3. Results and discussion 

The free volume contribution in original and modified UNIFAC models in predic- 
ting 77 was found to be significant, especially for asymmetric systems where the solvent 
is water (Part I of this paper). Therefore infinite dilution activity coefficients calculated 
from original and modified UNIFAC with free volume contributions are used to 
calculate the Henry's law constants using Eq. (5) for 24 systems. The vapour pressure is 
calculated according to Antoine's equation: 

B i 
In p~P = A i (6) 

Ci+ T 

where Ai, B i, C i a r e  Antoine constants for component i taken from Reid et al. [4]. In 
Table 1 calculated Henry's law constants and vapour pressures are given. Henry's law 
constants are also calculated using measured infinite dilution activity coefficients found 
in the literature. As the volatility of the components increases, Henry's law constants 
also increase. Calculated Henry's law constants for chloroform(1)-water(2) system are 
between 146 and 397 atm in the temperature range 293.15-313.15 K. In the same 
temperature range the vapour pressure of chloroform changes between 0.206 and 0.467 
atm. For the tetrahydrofuran(1)-water(2) system the Henry's law constant for tet- 
rahydrofuran is between 3.6 and 38.6 atm in the temperature range of 298.15-313.15 K. 
In this range the vapour pressure of tetrahydrofuran is between 0.213 and 1.138 atm. 
The volatilities of chloroform and tetrahydrofuran are similar, but in their mixtures 
with water the Henry's law constant for chloroform is about ten times higher than that 
for tetrahydrofuran. This shows that volatility alone is not the only factor that effects 
the Henry's law constant. The molecular structure and interaction between the 
molecules are also important. The UNIFAC models used in calculating the activity 
coefficients have residual and combinatorial parts which take these properties of 
components into account. 

Figs. 1-4 show changes of Henry's law constants with temperature calculated from 
original and modified UNIFAC models with free volume effects and measured infinite 
dilution activity coefficients for the systems methanol(1)-cyclohexane(2), methyl terti- 
arybutyl ether(1)-cyclohexane(2), methyl tertiarybutyl ether(1)-hexane(2), and diisop- 
ropyl ether(1)-cyclohexane(2). Henry's law constants increase with tempera- 
ture in Figs. 1, 3 and 4, but for methyl tertiarybutyl ether(1)-cyclohexane(2) in Fig. 2 the 
Henry's law constant decreases above 323 K. In Figs. 2 and 3 the solute is methyl 
tertiarybutyl ether, but the solvents are cyclohexane in Fig. 2 and hexane in Fig. 3. The 
effect of solvent activity on the Henry's law constant can be seen. In Fig. 4 there is 
a trend of decreasing Henry's law constant above 333 K. For phase splitting purposes 
in particular, knowledge of the Henry's law constant is essential for determining the 
right solvent for the solute at the corresponding temperature range. 

In Figs. 2 and 4, the solvent is cyclohexane and the solutes are different ethers. The 
Henry's law constant for methyl tertiarybutyl ether in the methyl tertiarybutyl 
ether(1)-cyclohexane(2) system increases with temperature to a maximum, then de- 
creases. Fig. 4 shows that the Henry's law constant for diisopropyl ether in diisopropyl 
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Fig. 1. Change of Henry's law constant with temperature for methanol(1)-cyclohexane(2). 
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Fig. 2. Change of Henry's law constant with temperature for methyl tertiarybutyl ether(l)-cyclohexane(2). 

ether(1)-cyclohexane(2) decreases above 333 K; a maximum is not observed in this 
temperature range. 

The performance of the models used to predict Henry's law constants can be 
compared in Figs. 1-4; it can be seen that modified UNIFAC with free volume 
contribution gives better results. 

The literature contains very limited data on the direct measurement of Henry's law 
constants. In Fig. 5 Henry's law constants found in the literature [11,12] for chloro- 
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Fig. 3. Change of Henry's law constant with temperature for methyl tertiarybutyl ether(l)-n-hexane(2). 
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Fig. 4. Change of Henry's law constant with temperature for diisopropyl ether(1)-cyclohexane(2). 

form(1)-water(2) are compared with calculated Henry's law constants from UNIFAC 
models. The original UNIFAC model with free volume contribution gives a better fit 
at low temperatures than the modified UNIFAC model with free volume contribu- 
tion. The measured Henry's law constants in Fig. 5 were obtained by EPICS (equili- 
brium partitioning in closed systems), which is believed to have a low accuracy [13]. 
This may be the reason for the fair agreement between the measured values and those 
calculated. 
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Fig .  5. Change of Henry's law constant with temperature for chloroform(l)-water(2). 
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Fig. 6. Comparison of empirical relationships for changes of Henry's law constants given in the literature 
and obtained in this work of chloroform(1)-water(2). 

An empirical relationship for the temperature dependency of the Henry's law 
constant is usually given by: 

C2 (7) log H i - C 1 T 

where C 1 and C 2 are constants and T is the temperature in K. We obtained an 
empirical relationship for the chloroform(1)-water(2) system using calculated values 
from the original UNIFAC model with free volume contribution. In the temperature 
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range 293.15 to 313.15 K, the constants  C 1 and C 2 in Eq. (7) are 2.222 and 0.0851, 
respectively. The correlation coefficient for this relationship is 0.999. In Fig. 6, this 
relationship is compared  with other relationships found in the literature [12,14]. 

4. Conclusions 

In part  I of this work, infinite dilution activity coefficients were calculated using 
U N I F A C  and related models. These coefficients are used in this work to calculate the 
Henry 's  law constants  of  24 binary mixtures including highly non-ideal and moderately  
non-ideal  systems. Da ta  on Henry 's  law constants,  especially at infinite dilution, are 
very scarce. Using the modified U N I F A C  model  with free volume contr ibut ion when 
experimental data  is not  available gives satisfactory results for Henry 's  law constants  
for most  of the systems studied in this work. The model also enables determination of 
the temperature dependency of Henry 's  law constants. 
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