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INTRODUCTION

The continuous usage and disposal of polluted chemicals contaminate the environment with passing the time. Environmental management for the polluted chemicals is becoming increasingly concerned with predicting the fate and transport of chemicals to understand migration of polluted chemicals through our environmental multimedia. For this purpose, various models to evaluate fate of chemicals in the environment have been proposed. The octanol-water partition coefficient (Kow) is required for estimation of chemical distribution in the environment as a basic physicochemical parameter[1]. 

In this paper, we describe measurement of Kow by generator column and estimation by UNIFAC and modified UNIFAC equations for predicting partition coefficients. For validation of these methods we compare the data with published values.

EXPERIMENTAL

(1) Generator Columns

The schematic diagram of experimental setup and details of generator column is shown in Figure 1. The column is packed with about 100-200 mesh Chromosorb W. The column was setup vertically with using thermostat MRC-2131D made by MONO-TECH. The liquid was pumped into inlet from a masterflex L/S pump. 

(2) Reagents

The reagent were commercially obtained from Aldrich and Merck company and dried successively with molecular seive 3A. The purity shows more than 99.7wt% by G.C.  1-octanol was obtained from Junsei company and bidistilled water was used.

(3) Preparation and Analysis

Saturation solutions of 1-octanol and water were prepared by mixing about 6hrs and then sample organic compound was injected into saturated solution. This solution is stirred continuously to reach equilibrium state. The mixed solution with sample organic compound was loaded into generator column by pumping. The column for the generation of saturated solution of 1-octanol was prepared by pumping 2-3ml/min. The temperature of generator column was controlled with a 25 (C through constant temperature bath.  A Sep-pak C18 cartridge is attached to the outlet of column and a solute is extracted from cartridge for analysis.

UNIFAC METHOD

When a solute i distributes itself between two solvents A and B, at equilibrium the solute i should have equal fugacities in both A and B. Thus

fiA(T,P,xAi) = fiB(T,P,xBi) 









(1)

Using the relation between activity coefficient and fugacity 

fiA(T,P,xAi) = xAi(AifiL(T,P)








(2)

and 

fiB(T,P,xBi) = xBi(BifiL(T,P)








(3)

Kow is reported not in terms of mole fraction ratios but as concentration ratios as follows

Kow = Coi/Cwi = (xoivw/xwivo) = ((wi /(oi ) vw/vo 



(4)

Where vw and vo are partial molar volumes of water and octanol, respectively

Baek[2] suggested the ratio of partial molar volumes of water and octanol by following

Kow = 0.131 ((wi (/(oi( )


               

(5)

Where (( is infinitely dilute activity coefficient.

The most useful and reliable method for activity coefficient estimation is UNIFAC method[3]. The UNIFAC and modified UNIFAC methods are used to calculate activity coefficients from chemical structure. 
RESULTS AND DISCUSSION


The partition coefficients measured by generator column and the calculated infinitely dilute activity coefficients and partition coefficients (Kow) by UNIFAC and modified UNIFAC methods were summarized in Table 1. Kow was calculated from equation (5). To evaluate the results calculated by UNIFAC methods and measured values, a comparison was made among these values. The published values are used Leo/Hansch values[4] for providing a measure of the quality of the prediction due to its reliability. Figure 2 shows relationships between calculated and measured values compared with Leo/Hansch values. 

For alcohols, calculated and measured values show good agreement with Leo/Hansch values. Calculated values by UNIFAC are less deviation from published values. For aromatic compounds, calculated and measured values show good agreement with Leo/Hansch values,  Calculated values by modified UNIFAC are less deviation from published values. However, deviation for xylene is due to relative location of substituent.  For chlorinated compounds, calculated and measured values agree well with Leo/Hansch values. UNIFAC values are less deviation than modified UNIFAC values.  For alkanes, calculated values show lower values than those of Leo/Hansch values. While measured values show higher values than those of Leo/Hansch values. The reason is may be due to difficulty to measure for high hydrophobic substance.

CONCLUSION

A measurement of Kow by generator column and UNIFAC and modified UNIFAC estimation method is suggested.  The measured values by generator column show good agreements with Leo/Hansch values except alkanes. The calculated Kow values agreed well with published values such as Leo/Hansch. Calculated values by modified UNIFAC show lower values than that of UNIFAC. From these results, we can say the UNIFAC used method is one of a simple, fast and considerably accurate method to calculate the octanol-water partition coefficients, where experimental value is not available.
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Organic Compounds
Measured
UNIFAC
Modified UNIFAC


log Kow
(wi(
(oi (
log Kow
log Kow

Alcohol






  Butanol
0.807
5.419e1
1.046
0.832
0.716

  Pentanol
1.520
1.482e2
1.023
1.278
1.216

  Hexanol
2.052
3.250e2
1.168
1.497
1.654

Alkane






  n-hexane
4.052
1.065e4
1.952
2.854
2.532

  n-heptane
4.642
3.45e4
2.261
3.301
3.003

  n-octane
5.389
1.01e5
2.577
3.710
3.536

Aromatic compound






  Benzene
2.237
2.417e3
2.269
2.145
2.190

  Tolune
2.797
1.029e4
1.845
2.864
2.743

  Xylene
3.083
5.65e4
1.986
3.571
3.269

Chloroninated compounds






  Dichloromethane
1.263
2.484e2
0.966
1.527
1.16

  Trichloromethane
2.013
8.635e2
1.096
2.014
1.043

  Tetrachloromethane
2.853
1.039e4
1.490
2.961
2.212

Table 1. Measured and estimated partition coefficient by Generator Column and UNIFAC
Figure 1. Schematic diagram of 

experimental setup and details of  

generator column.
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Figure 2. Relationship between measured 

and calculated values  
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