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a b s t r a c t

Data have been compiled from the published literature on the partition coefficients of solutes and vapors
into chloroform, carbon tetrachloride, dichloromethane and 1-chlorobutane from both water and from
the gas phase. The logarithms of the water-to-chloroalkane (log P) and gas-to-chloroalkane partition
coefficients (log K) are correlated with the Abraham solvation parameter model. The derived correlations
describe the observed log P and log K values within standard deviations of about 0.13–0.20 log units. For
chloroform and carbon tetrachloride, the derived correlations were validated using training set and test
set analyses.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Solvent extraction provides a convenient means for separat-
ing and concentrating solutes from mixtures prior to chemical
analysis. The method is based on the equilibrium distribution of
the analyte(s) and unwanted impurities/interferences between the
extraction solvent and sample that is to be analyzed. Large partition
coefficients, P, defined as the ratio of the solute’s molar concentra-
tion in the extraction solvent to that in the analytical sample:

P = molar concentration of solute in extraction solvent
molar concentration of solute in analyticalsample

(1)

favor solute transfer to the extraction solvent, whereas small
partition coefficients would keep any unwanted impuri-
ties/interferences in the sample solution. Many of the biological
and environmental samples involve aqueous solutions. The choice
of organic solvent in water-to-solvent extractions is of ongoing
importance.

The general solvation method of Abraham [1,2] is one of the more
useful approaches for the analysis and prediction of free energies of
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partition in chemical and biological systems. The method relies on
two linear free energy relationships (lfers), one for processes within
condensed phases:

SP = c + e · E + s · S + a · A + b · B + v · V (2)

and one for processes involving gas-to-condensed phase transfer:

SP = c + e · E + s · S + a · A + b · B + l · L (3)

The dependent variable, SP, is some property of a series of solutes
in a fixed phase, which in the present study will be the logarithm of
solute partition coefficient between two immiscible (or partly mis-
cible) phases. The independent variables, or descriptors, are solute
properties as follows: E and S refer to the excess molar refraction
and dipolarity/polarizability descriptors of the solute, respectively,
A and B are measures of the solute hydrogen-bond acidity and basic-
ity, V is the McGowan volume of the solute and L is the logarithm
of the solute gas phase dimensionless Ostwald partition coefficient
into hexadecane at 298 K. The first four descriptors can be regarded
as measures of the tendency of the given solute to undergo various
solute–solvent interactions. The latter two descriptors, V and L, are
both measures of solute size, and so will be measures of the solvent
cavity term that will accommodate the dissolved solute. General
dispersion interactions are also related to solute size, hence, both
V and L will also describe the general solute–solvent interactions.
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The regression coefficients and constants (c, e, s, a, b, v, and l) are
obtained by regression analysis of experimental data for a spe-
cific process (i.e., a given partitioning process, a given stationary
phase and mobile phase combination, etc.). In the case of parti-
tion coefficients, where two solvent phases are involved, the c, e,
s, a, b, v, and l coefficients represent differences in solvent phase
properties. For any fully characterized system/process (those with
calculated values for the equation coefficients) further values of
SP can be estimated for solutes with known values for the solute
descriptors. This is the major advantage in using Eqs. (2) and (3) to
correlate solute properties having environmental, pharmaceutical
and chemical importance.

At present we are developing/updating correlations for addi-
tional/existing systems [3–13], and are developing new computa-
tion methodologies for calculating solute descriptors from available
experimental data and/or structural information [2,14–18]. To date
we have published Abraham model correlations for describing both
the water-to-organic solvent partition coefficient (see Eq. (1)) and
the gas-to-solvent partition coefficient, K:

K = molar concentration of solute in extraction solvent
molar concentration of solute in the gas phase

(4)

where K is the dimensionless gas-to-water partition coefficient
(with concentrations in each phased defined in terms of mol dm−3)
for more than 50 different common organic solvents. For several sol-
vents, the published correlations include both the “practical” log P
correlation where the solute is distributed between the equilibrium
organic phase saturated with water and the aqueous phase that
has been saturated with the organic solvent, as well as the “hypo-
thetical” log P correlation that is calculated as the molar solubility
ratio of the solute in the anhydrous organic solvent divided by the
solute’s molar solubility in water. Even though hypothetical, these
latter log P correlations are still quite useful in that calculated log P
values can be used to predict the solute’s infinite dilution activity
coefficient or molar solubility in the anhydrous (dry) solvent for
those solutes for which the solute descriptors are known.

The aim of the present work is to collect experimental data from
the published literature on the partition coefficients from water and
from air into chloroform, carbon tetrachloride, dichloromethane
and 1-chlorobutane, and to derive log P and log K correlations. Abra-
ham model correlations have been previously reported for several
of the solvents based on much smaller databases. Abraham et al.
[19] published correlations for water-to-chloroform:

log Pchl = 0.327 + 0.157E − 0.391S − 3.191A − 3.437B + 4.191V

(N = 335, SD = 0.25, R2 = 0.971, F = 2223) (5)

and for gas-to-chloroform partition coefficients:

log Kchl = 0.168 − 0.595E + 1.256S + 0.280A + 1.370B + 0.981L

(N = 150, SD = 0.23, R2 = 0.985, F = 1919) (6)

where N is the number of data points, SD denotes the standard devi-
ation, R2 gives the squared correlation coefficient and F corresponds
to the Fisher’s F statistic. The present study differs from that of Abra-
ham et al. in that we are using much larger databases (394 log P
values and 384 log K values), and are using revised, updated values
for the solute descriptors for several compounds. At the time that
Eqs. (5) and (6) were developed solute descriptors were calculated
by regressing experimental water-to-organic solvent and gas-to-
organic solvent partition coefficient data. We are now using our
gas-to-water log Kw correlations to increase the number of equa-
tions used in the solute descriptor computations, and have updated
numerical values of the solute descriptors of those compounds that
have not been used by us since the earlier study was published. We
have also reported the water-to-dichloromethane partition coeffi-

cient based on only 34 experimental log P values [20]:

log Pdcm = 0.314 + 0.001E + 0.022S − 3.238A − 4.137B + 4.259V

(N = 38, SD = 0.141, R2 = 0.991, F = 680) (7)

the gas-to-carbon tetrachloride partition coefficient correlation
based on 89 experimental log K values [21]:

log Kct = 0.23 − 0.20E + 0.35S + 0.07A + 0.27B + 1.041L

(N = 89, SD = 0.069, R2 = 0.999, F = 11, 877) (8)

and have tabulated revised equation coefficients for log P
and log K correlations for chloroform, carbon tetrachloride and
dichloromethane in several of our published solubility studies
[22–24]. The solubility studies did not provide any statistical infor-
mation concerning the partition coefficient correlations, nor have
we published the experimental log P and log K databases used in
deriving our most recent chloroform, carbon tetrachloride and
dichloromethane partition coefficient correlations. The present
study updates the Abraham model log P and log K correlations that
we have obtained for chlorinated alkanes. The updated log P and
log K correlations for 1,2-dichloroethane were recently reported
elsewhere [11].

2. Data sets and computation methodology

Most of the experimental data that we were able to retrieve from
the published literature [17,25–123] pertained either to the log P
values for “practical” partition between chloroalkane-saturated
water and water-saturated chloroalkanes, or to the Raoult’s law infi-
nite dilution activity coefficient, �∞

solute, or Henry’s law constants,
KHenry, for solutes dissolved in the four chloroalkane solvents. In
order to apply the Abraham model the infinite dilution activity coef-
ficients and Henry’s law constants needed to be converted to log K
values through Eqs. (9) and (10):

log K = log

(
RT

�∞
soluteP0

soluteVsolvent

)
(9)

log K = log

(
RT

KHenryVsolvent

)
(10)

or log P values for partition from water to the anhydrous
chloroalkane through Eq. (11):

log P = log K − log Kw (11)

In Eqs. (9)–(11) R is the universal gas constant, T is the system tem-
perature, P0

solute is the vapor pressure of the solute at T, and Vsolvent
is the molar volume of the solvent. The calculation of log P requires
knowledge of the solute’s gas phase partition coefficient into water,
Kw, which is available for most of the solutes being studied. Eq.
(11) was also used to convert the practical log P to log K(wet) val-
ues for solute transfer into each of the four chloroalkane solvent
saturated with water. The experimental log K and log P values at
298.15 for chloroform, carbon tetrachloride, dichloromethane and
1-chlorobutane are listed in Tables 1–4. We have separated the
“wet” and “dry” partition coefficient data for chloroform and carbon
tetrachloride as we need to be sure that the solubilizing proper-
ties of the anhydrous chloroalkane solvent and water-saturated
chloroalkane solvent are the same before combining values into a
single data set. For chloroform and carbon tetrachloride there were
sufficient experimental log P and log K values to treat the “wet” and
“dry” experimental values separately.

Our experimental databases also contain measured solubility
data for several crystalline solutes dissolved in both the anhydrous
chloroalkanes and in water. The solubility data were taken largely
from our previously published solubility studies. At the time that
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