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Data have been assembled from the published literature on the water-to-micellar sodium dodecyl sulfate
(SDS) partition coefficient data for more than 200 compounds and on the gas-to-micellar SDS partition
coefficient data for more than 140 compounds. It is shown that an Abraham solvation equation with only
five descriptors can be used to correlate the observed partition coefficient data to within a standard deviation
of 0.22 log units. Micellar electrokinetic chromatographic (MEKC) retention factor data measured on a
micellar SDS pseudostationary phase was also gathered from the literature. The water-to-micellar SDS partition
coefficient and MEKC retention factor data were combined into a single database and correlated with the
Abraham model. The derived correlation described the 486 experimental values to within a standard deviation
of 0.15 log units. The micellar SDS system has been compared to various liquid phases in terms of solubility
of gases and vapors and has been shown to be a very selective systemsmore so than room-temperature
ionic liquids.

INTRODUCTION

The contamination of soils, sediments, and groundwater
by hazardous organic materials is a widespread environmen-
tal concern. Hydrophobic organic contaminants (HOCs) are
of particular interest because such compounds are strongly
sorbed to soils/sediments, and remediation through desorption
is often a very expensive, time-consuming process due to
the compounds’ low aqueous solubilities. Surfactant en-
hanced remediation has been suggested as a viable means
for removal of adsorbed HOCs from soils and sediments.
Published studies have shown that enhanced aqueous solu-
bilization of HOC is achieved in the presence of dissolved
surfactants, particularly at surfactant concentrations above
their critical micelle concentration (cmc). The enhanced
solubilization phenomena observed in aqueous micellar
solutions not only is important in desorption of organic
pollutants from soils/sediments but also is used in numerous
industrial processes, such as protein purification, micellar
catalysis, and drug product formulation.

The enhanced solubility is due to the partitioning of the
organic solute into the micellar phase. Solute transfer from
the bulk aqueous phase to the micellar region is governed
by a partition coefficient, which can be mathematically
described in either mole fraction concentration units

or molar concentrations

where the solute concentrations in the corresponding phases
are measured near infinite dilution. Sepulveda et al.1 reviewed
several experimental solubility and spectroscopic methods
that are used to measure micelle-water partition coefficients.
The authors compiled available partition coefficient data for
solutes in aqueous micellar sodium dodecyl sulfate (SDS),
hexadecyltrimethylammonium bromide (CTAB), dodecylt-
rimethylammonium bromide (DTAB), and hexadecyltrim-
ethylammonium chloride solutions. Additional data compi-
lations are available for sodium dodecyl sulfate2 and
hexadecylpyridinium chloride3 micellar solution. Each pub-
lished correlation contains experimental data for fewer than
200 solutes per surfactant.

To address the scarcity of measured aqueous-micellar
partition coefficient data, researchers have turned to predic-
tive methods as a means to generate desired values. Valsaraj
and Thibodeaux4 observed that there was a good correlation
between the logarithm of the molar SDS-water partition
coefficient logPc,SDS/water, and the logarithm of the 1-octanol/
water partition coefficient, logPOTOH/water

whenever aliphatic amides and lactams were excluded.
Abraham et al. later reanalyzed all of the partition coefficient
data and found

where N denotes the number of data points,R is the
correlation coefficient, SD refers to the standard deviation,
andF is the Fisher F-statistic. Valsaraj and Thibodeaux also
developed a bond contribution method as well as a group
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Px ) mole fraction of solute in micellar phase
mole fraction of solute in aquous phase

(1)

Pc ) molarity of solute in micellar phase
molarity of solute in aquous phase
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log Pc,SDS/water) 0.32+ 0.827 logPOTOH/water (3)

(N ) 57,R ) 0.9924)
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contribution method for estimating the water-SDS partition
coefficients. The authors did not provide any indication of
the deviations between the observed partition coefficients
and calculated values based on the latter two methods.

Abraham et al.2 reported a linear free energy relationship
(LFER)

based on the mole fraction partition coefficient data of 138
assorted compounds at 298 K. The independent variables in
eq 5 are solute descriptors as follows:E is an excess molar
refraction,S is the dipolarity/polarizability,A and B° are
the hydrogen-bond acidity and basicity, respectively, andV
is the McGowan molecular volume. The alternative basicity
solute descriptor,B°, was used in eq 5 because the micellar
phase contains an appreciable amount water. For most solutes
the two Abraham basicity solute descriptors,B andB°, are
numerically equivalent. The values differ for only a few
solutes, most notably for sulfoxides, anilines, and alkylpy-
ridines.

Bel’skii5 later applied the Abraham model to describe the
distribution of nonionic compounds between the gas phase
and sodium dodecyl sulfate micelles,KSDS/gas

While the statistics of eq 6 are quite good, the authors used
the wrong form of the Abraham model to describe solute
transfer from the gas phase. The Abraham model correlation
for solute transfer from the gas phase contains theL -
descriptor (L is the logarithm of the solute gas-phase
dimensionless Ostwald partition coefficient into hexadecane
at 298 K), rather than the McGowan molecular volume
descriptor.

In the present study we have re-examined the Abraham
model correlation for aqueous-micellar SDS partition coef-
ficients using a much larger database. Through a search of
the chemical literature we found experimentalPx,SDS/water

values for 214 different compounds, which is considerably
more than the 138 compounds that Abraham et al.2 used in
deriving eq 5. As part of the present study we have developed
a correlation equation for the gas-to-aqueous SDS micellar
phase partition coefficient based on the Abraham model
LFER expression for gas to condensed phase transfer. The
correlation reported by Bel’skii, eq 6, used the form of the
Abraham model for describing solute transfer between two
condensed phases. While the statistics of the Bel’skii
correlation are quite good, it is desirable to have the log
KSDS/gasdata correlated with the correct form of the model
so that we can compare the gas-to-SDS micellar partition
process to the many other gas-to-organic solvent partition
correlations that have already been derived. Such compari-
sons can provide valuable information regarding the chemical

similarity of different partitioning systems. For example
Abraham and Acree6 previously showed through Principal
Component Analysis (PCA) of equation coefficients that
room-temperature ionic liquid solvents have the same solu-
bilizing selectivity as the polar organic solvents, such as
acetonitrile,N,N-dimethylformamide,N-methylpyrrolidinone,
and dimethylsulfoxide. The application of PCA in this
manner requires that all considered partitioning processes
use the same set of solute descriptors.

Finally we have examined the combination of water-to-
SDS micelle partition coefficient data and micellar electro-
kinetic chromatographic (MEKC) retention data measured
on a micellar sodium dodecyl sulfate pseudostationary phase.
Several research groups7-14 have correlated their measured
chromatographic retention data with the Abraham model;
however, no attempt was made to combine the available
partition coefficient data and measured MEKC retention
values into a single Abraham model correlation.

EXPERIMENTAL DATA AND COMPUTATION
METHODS

Our search of the published chemical literature2,5,15-33

found water-to-aqueous SDS micellar partition coefficient
data for 214 different organic compounds for which solute
descriptors are known. Most of the experimental data came
from the earlier compilation of Abraham et al.,2 which
tabulated the data as logPx,SDS/watervalues. In several recent
studies researchers expressed the solute concentrations in
molarity and reported either the molarity-based partition
coefficient,Pc,SDS/water, or a binding constantKs. The experi-
mentalPc,SDS/waterandKs data were converted into the mole
fraction water-to-SDS partition coefficients using conversion
expressions given in Sepulveda et al.1 The experimental log
Px,SDS/waterdata are listed in Table 1, along with the literature
references from the values were taken.

Bel’skii5 tabulated the gas-to-aqueous SDS micellar phase
partition coefficients,KSDS/gas, of 104 compounds. Many of
the compounds listed in Table 1 are not contained in the
Bel’skii database. For compounds not in the Bel’skii base
we calculated the logKSDS/gasvalue using eq 7

whereVmicelle andVaqueousrefer to the molar volume of the
micellar and aqueous phase, respectively, andKW is the
solute’s gas-to-water partition coefficient. For consistency
we used the same values ofVmicelle ) 0.25 L/mol andVaqueous

) 0.018 L/mol that were used in generating the Bel’skii
database. The gas-to-water partition coefficients needed in
the conversion come from our database of logKW values.
The experimental gas-to-aqueous SDS micellar partition
coefficients of 147 compounds are given in Table 2.

Micellar electrokinetic chromatography provides a con-
venient experimental method for determining water-to-
micelle partition coefficients. The measured retention factor,
k, is directly related to the water-to-micelle partition coef-
ficient and phase ratio,æ, through eq 8.

log Px,SDS/water) 1.280(0.060)+ 0.484(0.063)E -
0.431(0.079)S - 0.183(0.067)A - 1.721(0.088)B° +

2.878(0.079)V (5)

(N ) 138,R ) 0.9808, SD) 0.192,F ) 668)

log KSDS/gas) -0.947(0.112)+ 0.392(0.107)E +
2.027(0.140)S + 3.834(0.144)A + 2.242(0.182)B +

2.869(0.123)V (6)

(N ) 104,R ) 0.990, SD) 0.310)

log KSDS/gas) log(Px,SDS/waterVaqueous/Vmicelle) + log KW

(7)

k ) Pmicelle/wateræ (8)
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Table 1. Logarithm of the Experimental Mole Fraction Water-to-Aqueous SDS Micellar Partition Coefficients, logPx,SDS/water

solute E S A B° V log P ref solute E S A B° V log P ref

argon 0.000 0.000 0.000 0.000 0.1900 1.64 2 1,10-decanediol 0.370 0.950 0.750 0.920 1.6350 3.96 2
oxygen 0.000 0.000 0.000 0.000 0.1830 1.64 2 methyl acetate 0.142 0.640 0.000 0.450 0.6057 2.67 22
methane 0.000 0.000 0.000 0.000 0.2495 1.82 2 ethyl acetate 0.106 0.620 0.000 0.450 0.7466 2.72 22
ethane 0.000 0.000 0.000 0.000 0.3904 2.52 2 propyl acetate 0.092 0.600 0.000 0.450 0.8875 2.78 22
propane 0.000 0.000 0.000 0.000 0.5313 3.10 2 tributylphosphine oxide 0.270 1.160 0.000 1.660 2.0627 3.75 2
butane 0.000 0.000 0.000 0.000 0.6722 3.78 2 benzene 0.610 0.520 0.000 0.140 0.7164 2.95 2
pentane 0.000 0.000 0.000 0.000 0.8131 4.22 2 toluene 0.601 0.520 0.000 0.140 0.8573 3.45 2
hexane 0.000 0.000 0.000 0.000 0.9540 4.38 2 ethylbenzene 0.613 0.510 0.000 0.150 0.9982 3.98 24
heptane 0.000 0.000 0.000 0.000 1.0949 5.73a 5 1,4-dimethylbenzene 0.613 0.520 0.000 0.160 0.9982 4.17 2
octane 0.000 0.000 0.000 0.000 1.2358 6.41a 5 biphenyl 1.360 0.990 0.000 0.260 1.3240 4.83 2
nonane 0.000 0.000 0.000 0.000 1.3767 7.01a 5 naphthalene 1.340 0.920 0.000 0.200 1.0854 4.19 25
decane 0.000 0.000 0.000 0.000 1.5176 7.57a 5 1-methylnaphthalene 1.344 0.900 0.000 0.200 1.2260 4.82 2
cyclohexane 0.305 0.100 0.000 0.000 0.8454 3.55 2 anthracene 2.290 1.340 0.000 0.280 1.4540 5.57 2
ethylcyclohexane 0.260 0.100 0.000 0.000 1.1272 4.66 16 phenanthrene 2.055 1.290 0.000 0.260 1.4540 5.31 26
tetrafluoromethane -0.580 -0.260 0.000 0.000 0.3203 2.12 2 pyrene 2.808 1.710 0.000 0.280 1.5846 5.91 26
dichloromethane 0.387 0.570 0.100 0.050 0.4943 2.29 2 perylene 3.256 1.760 0.000 0.400 1.9540 7.09 26
chloroform 0.425 0.490 0.150 0.020 0.6167 2.80 2 styrene 0.849 0.650 0.000 0.160 0.9550 3.52 16
carbon tetrachloride 0.458 0.380 0.000 0.000 0.7391 3.44 2 chlorobenzene 0.718 0.650 0.000 0.070 0.8388 3.64 15
cis-dichloroethylene 0.436 0.610 0.110 0.050 0.5922 3.27 17 fluorobenzene 0.477 0.570 0.000 0.100 0.7341 3.40 15
trans-dichloroethylene 0.425 0.410 0.090 0.050 0.5922 3.10 17 bromobenzene 0.882 0.730 0.000 0.090 0.8914 4.04 15
trichloroethylene 0.524 0.400 0.080 0.030 0.7150 3.44 18 iodobenzene 1.188 0.820 0.000 0.120 0.9746 4.27 15
tetrachloroethylene 0.639 0.440 0.000 0.000 0.8370 4.06 18 1,2-dichlorobenzene 0.872 0.780 0.000 0.040 0.9612 3.89 2
iodoethane 0.640 0.400 0.000 0.150 0.6490 2.95 15 1,3-dichlorobenzene 0.847 0.730 0.000 0.020 0.9612 4.46 15
1-iodobutane 0.628 0.400 0.000 0.150 0.9300 3.71 15 1,4-dichlorobenzene 0.825 0.750 0.000 0.020 0.9612 4.60 15
halothane 0.102 0.380 0.150 0.050 0.7410 2.78 15 1-bromonaphthalene 1.598 1.130 0.000 0.130 1.2604 5.29 2
1,4-dioxane 0.329 0.750 0.000 0.640 0.6810 1.74 2 anisole 0.710 0.750 0.000 0.290 0.9160 3.20 15
acetone 0.179 0.700 0.040 0.490 0.5470 1.53 2 nitrobenzene 0.871 1.110 0.000 0.280 0.8906 2.98 15
2-butanone 0.166 0.700 0.000 0.510 0.6879 2.11 2 benzonitrile 0.742 1.110 0.000 0.330 0.8710 2.80 15
2-pentanone 0.143 0.680 0.000 0.510 0.8288 2.66 32 benzaldehyde 0.820 1.000 0.000 0.390 0.8730 2.64 15
3-pentanone 0.154 0.660 0.000 0.510 0.8288 2.43 2 acetophenone 0.818 1.010 0.000 0.480 1.0140 3.34 2
2-hexanone 0.136 0.680 0.000 0.510 0.9697 2.93 32 4-methoxyacetophenone 0.916 1.580 0.000 0.530 1.2135 3.50 2
4-methyl-2-pentanone 0.111 0.650 0.000 0.510 0.9697 2.85 2 propriophenone 0.804 0.950 0.000 0.510 1.1550 3.70 2
2-heptanone 0.123 0.680 0.000 0.510 1.1106 3.46 2 isobutyrophenone 0.777 0.920 0.000 0.500 1.2957 3.90 2
2-octanone 0.108 0.680 0.000 0.510 1.2515 3.57 15 benzophenone 1.447 1.500 0.000 0.500 1.4810 4.46 2
2-nonanone 0.119 0.680 0.000 0.510 1.3924 4.11 15 aniline 0.955 0.960 0.260 0.500 0.8162 2.92 2
2-decanone 0.108 0.680 0.000 0.510 1.5332 4.78 15 4-methylaniline 0.923 0.950 0.230 0.520 0.9570 3.04 2
cyclohexanone 0.403 0.860 0.000 0.560 0.8610 2.70 32 ethyl 4-aminobenzoate 1.040 1.520 0.320 0.590 1.3130 3.84 2
butyronitrile 0.188 0.900 0.000 0.360 0.6860 2.38 2 benzidine 1.882 2.450 0.400 0.800 1.5238 4.09 2
propionamide 0.440 1.300 0.550 0.680 0.6468 2.24a 2 acetanilide 0.900 1.370 0.480 0.670 1.1137 3.11 2
butanamide 0.420 1.300 0.560 0.680 0.7877 2.25 2 benzoic acid 0.730 0.900 0.590 0.400 0.9317 3.23 2
pentanamide 0.400 1.300 0.500 0.620 0.9286 2.74 2 3-methylbenzoic acid 0.730 0.890 0.600 0.400 1.0726 3.66 2
methanol 0.278 0.440 0.430 0.470 0.3082 1.27 2 4-methylbenzoic acid 0.730 0.900 0.600 0.430 1.0726 3.64 2
ethanol 0.246 0.420 0.370 0.480 0.4491 1.71 2 4-ethylbenzoic acid 0.730 0.900 0.590 0.370 1.2140 4.40 2
1-propanol 0.236 0.420 0.370 0.480 0.5900 2.04 2 3-fluorobenzoic acid 0.600 0.890 0.640 0.270 0.9414 3.41 2
2-propanol 0.212 0.360 0.330 0.560 0.5900 1.89 2 4-fluorobenzoic acid 0.600 0.910 0.610 0.290 0.9414 3.49 2
1-butanol 0.224 0.420 0.370 0.480 0.7309 2.44 2 3-chlorobenzoic acid 0.840 0.950 0.630 0.320 1.0541 3.84 2
2-methyl-1-propanol 0.217 0.390 0.370 0.480 0.7309 2.53 2 4-chlorobenzoic acid 0.840 1.020 0.630 0.270 1.0541 3.84 2
2-butanol 0.217 0.360 0.330 0.560 0.7309 2.41 2 3-bromobenzoic acid 1.000 1.100 0.640 0.270 1.1067 3.96 2
tert-butanol 0.180 0.300 0.310 0.600 0.7309 2.23 2 4-bromobenzoic acid 1.000 1.070 0.630 0.260 1.1067 3.98 2
1-pentanol 0.219 0.420 0.370 0.480 0.8718 2.91 2 3-iodobenzoic acid 1.310 1.130 0.660 0.310 1.1900 4.13 2
2-pentanol 0.195 0.360 0.330 0.560 0.8718 2.69 2 4-iodobenzoic acid 1.310 1.150 0.640 0.310 1.1900 4.17 2
3-pentanol 0.218 0.360 0.330 0.560 0.8718 2.43 2 2-hydroxybenzoic acid 0.890 0.840 0.710 0.380 0.9904 3.26 30
3-methyl-1-butanol 0.192 0.390 0.370 0.480 0.8718 2.88 2 3-hydroxybenzoic acid 0.910 0.880 0.860 0.580 0.9904 3.22 2
3-methyl-2-butanol 0.194 0.330 0.330 0.580 0.8718 3.00 19 4-hydroxybenzoic acid 0.930 0.900 0.810 0.560 0.9904 2.54 2
2-methyl-2-butanol 0.194 0.300 0.310 0.600 0.8718 2.67 2,19 3-methoxybenzoic acid 0.830 0.890 0.580 0.580 1.1313 3.51 2
2,2-dimethyl-1-propanol 0.220 0.360 0.370 0.530 0.8718 2.63 2 4-methoxybenzoic acid 0.899 1.250 0.620 0.520 1.1313 3.49 2
1-hexanol 0.210 0.420 0.370 0.480 1.0127 3.39 2 3-cyanobenzoic acid 0.860 1.250 0.670 0.560 1.0864 3.31 2
2-hexanol 0.187 0.360 0.330 0.560 1.0127 3.33 2 4-cyanobenzoic acid 0.860 1.350 0.670 0.500 1.0864 3.40 2
3-hexanol 0.200 0.360 0.330 0.560 1.0127 3.01 21 3-nitrobenzoic acid 0.990 1.180 0.730 0.520 1.1059 3.45 2
4-methyl-1-pentanol 0.196 0.390 0.370 0.480 1.0127 3.39 19 4-nitrobenzoic acid 0.990 1.520 0.680 0.400 1.1059 3.49 2
4-methyl-2-pentanol 0.167 0.330 0.330 0.560 1.0127 3.35 19 3-acetylbenzoic acid 0.940 1.310 0.650 0.690 1.2292 3.52 2
2-methyl-3-pentanol 0.207 0.330 0.330 0.560 1.0127 3.26 19 4-acetylbenzoic acid 0.940 1.330 0.660 0.670 1.2292 3.49 2
1-heptanol 0.211 0.420 0.370 0.480 1.1536 3.74 2 acetylsalicylic acid 0.781 1.690 0.710 0.670 1.2879 3.56 30
2-heptanol 0.188 0.360 0.330 0.560 1.1536 3.70 2 phenol 0.805 0.890 0.600 0.300 0.7751 2.96 2
5-methyl-1-hexanol 0.216 0.390 0.370 0.480 1.1536 3.81 19 2-methylphenol 0.840 0.860 0.520 0.300 0.9160 3.08 2
1-octanol 0.199 0.420 0.370 0.480 1.2950 4.22 2 3-methylphenol 0.822 0.880 0.570 0.340 0.9160 3.14 2
6-methyl-1-heptanol 0.216 0.390 0.370 0.480 1.2950 4.21 19 4-methylphenol 0.820 0.870 0.570 0.310 0.9160 3.14 2
1-decanol 0.191 0.420 0.370 0.480 1.5763 4.41a 2 2,3-dimethylphenol 0.850 0.820 0.510 0.370 1.0569 3.52 2
2-ethoxyethanol 0.237 0.520 0.310 0.810 0.7896 1.74 2 2,4-dimethylphenol 0.843 0.790 0.520 0.400 1.0569 3.56 2
2-butoxyethanol 0.201 0.500 0.300 0.830 1.0714 3.04 2 2,5-dimethylphenol 0.840 0.830 0.500 0.380 1.0569 3.56 2
1,3-propanediol 0.397 0.910 0.720 0.850 0.6487 1.45 2 2,6-dimethylphenol 0.850 0.820 0.510 0.370 1.0569 3.52 2
1,3-butanediol 0.377 0.900 0.700 0.830 0.7896 1.52 23 3,5-dimethylphenol 0.830 0.860 0.550 0.370 1.0569 3.56 2
1,4-butanediol 0.395 0.930 0.720 0.900 0.7896 1.65 2 2,4,5-trimethylphenol 0.850 0.790 0.520 0.440 1.1980 3.85 2
2,3-butanediol 0.341 0.930 0.610 0.880 0.7896 1.54 23 2,3,5,6-tetramethylphenol 0.880 0.810 0.380 0.440 1.3387 4.19 2
1,6-hexanediol 0.385 0.950 0.750 0.920 1.0714 2.38 2 4-ethylphenol 0.800 0.900 0.550 0.360 1.0569 3.60 2
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The phase ratio is defined as the volume of the micellar
pseudo-stationary phase over that of the bulk aqueous phase
(Vmicelle/Vaqueous) and can be calculated from

a knowledge of the surfactant’s partial specific molar volume,
V, the critical micelle concentration, cmc, and the surfactant’s
molar concentration,Csurf. Our search of the chemical
literature found 8 sets of experimental SDS micellar MEKC
retention factor data. The 259 numerical values are reported
in Table S1 (Supporting Information), along with the
literature reference to indicate where each set of values was
taken. Several solutes are listed multiple times in Table S1
as we felt that it would be inappropriate to average retention
factors that were measured under different experimental
conditions.

Molecular descriptors for all of the compounds considered
in the present study are also tabulated in Tables 1, 2, and
S1. The numerical values came from our solute descriptor
database, which now contains values for more than 4000
different organic and organometallic compounds. The de-
scriptors were obtained exactly as described before, using
various types of experimental data, including water to solvent
partitions, gas to solvent partitions, solubility, and chromato-
graphic data.34 Solute descriptors used in the present study
are all based on experimental data. There is also commercial

software35 and several published estimation schemes36-39

available for calculating the numerical values of solute
descriptors from molecular structural information if one is
unable to find the necessary partition, solubility, and/or
chromatographic data.

RESULTS AND DISCUSSION

We have assembled in Table 1 values of logPx,SDS/water

for 214 solutes covering a reasonably wide range of
compound type and descriptor values. Preliminary analysis
of the experimental data in accordance with the Abraham
model identified propionamide, 1-decanol, pentafluorophenol,
heptane, octane, nonane, and decane as outliers. The large
deviations noted in the case of the four alkane solutes
were expected as Treiner and Manneback40 had suggested
previously that alkane solutes behave differently than other
solutes in that alkanes are sorbed by the hydrophobic alkyl
chain of the surfactant micelle. There is nothing structur-
ally unusual about the other three solutes to suggest why
they should exhibit anything other than normal partition
behavior, and a likely reason for why the molecules were
identified as outliers is possible experimental error. In an
experimental data set containing more than 200 com-
pounds a few outliers are to be expected. The seven com-
pounds were removed from the database, and the final re-
gression was performed to yield the following correlation
equation:

Table 1 (Continued)

solute E S A B° V log P ref solute E S A B° V log P ref

4-propylphenol 0.793 0.880 0.550 0.370 1.1980 4.18 2 18-crown-6 0.400 1.340 0.000 2.130 2.0430 3.91 2
4-tert-butylphenol 0.810 0.890 0.560 0.390 1.3390 4.32 2 15-crown-5 0.410 1.200 0.000 1.750 1.7025 3.19 2
4-tert-pentylphenol 0.810 0.890 0.560 0.410 1.4800 4.76 2 12-crown-4 0.420 0.990 0.000 1.390 1.3620 2.42 2
4-fluorophenol 0.670 0.970 0.630 0.230 0.7930 2.99 2 butyl urea 0.372 1.450 0.620 0.670 1.0284 2.51 2
4-chlorophenol 0.909 1.060 0.690 0.150 0.8975 3.24 2 2,5-hexanediol 0.354 0.900 0.720 0.900 1.0714 2.21 2
4-bromophenol 1.080 1.170 0.670 0.200 0.9500 3.54 2 4-tert-butoxybenzoic acid 0.830 0.880 0.580 0.520 1.5540 4.65 2
4-iodophenol 1.380 1.220 0.680 0.200 1.0330 3.91 2 pentafluorophenol 0.360 0.830 0.790 0.090 0.8636 3.92a 2
2,4-dichlorophenol 0.960 0.990 0.580 0.140 1.0200 4.09 31 allylthiourea 0.940 0.760 0.450 0.950 0.9493 2.11 2
2,6-dichlorophenol 0.900 0.900 0.380 0.240 1.0200 3.92 31 4-bromo-p-terphenyl 2.310 1.690 0.000 0.250 2.1070 6.74 2
3,5-dichlorophenol 1.020 1.000 0.910 0.000 1.0200 3.72 2 3-phenoxy-1-propanol 0.850 0.950 0.310 0.780 1.2565 3.38 2
2,3,5-trichlorophenol 1.070 0.940 0.680 0.160 1.1420 4.20 2 2,4,6-tribromophenol 1.620 1.340 0.500 0.160 1.3001 5.07 2
2,4,6-trichlorophenol 1.010 1.010 0.820 0.080 1.1420 4.39 31 2,4,6-triiodophenol 2.858 1.540 0.300 0.200 1.5497 6.11 2
2,3,4,5-tetrachlorophenol 1.170 0.880 0.700 0.130 1.2650 4.68 2 n-trifluoroacetylindole 1.080 1.030 0.000 0.340 1.2970 4.37 2
pentachlorophenol 1.217 0.860 0.610 0.090 1.3870 5.13 2 ferrocene 1.350 0.850 0.000 0.200 1.1209 4.28 2
3-(trifluoromethyl)phenol 0.425 0.870 0.720 0.090 0.9691 3.87 2 benzyl acetate 0.798 1.060 0.000 0.650 1.2140 3.19 27
4-methoxyphenol 0.900 1.170 0.570 0.480 0.9750 2.93 2 1-nitrobutane 0.227 0.950 0.000 0.290 0.8470 3.00 15
4-ethoxyphenol 0.870 1.170 0.570 0.520 1.1160 3.20 2 1-nitropentane 0.212 0.950 0.000 0.290 0.9880 3.41 15
4-formylphenol 1.010 1.540 0.850 0.370 0.9320 2.85 2 1-nitrohexane 0.203 0.950 0.000 0.290 1.1290 3.88 15
4-cyanophenol 0.940 1.630 0.800 0.290 0.9300 2.93 2 3,5-dichlorobiphenyl 1.650 1.180 0.000 0.160 1.5690 5.82 28
4-nitrophenol 1.070 1.720 0.820 0.260 0.9493 2.96 2 4,4′-dichlorobiphenyl 1.640 1.180 0.000 0.160 1.5690 6.20 28
catechol 0.970 1.100 0.880 0.470 0.8338 2.56 2 2,4,6-trichlorobiphenyl 1.740 1.350 0.000 0.170 1.6914 6.43 28
methyl 4-hydroxy- 0.900 1.370 0.690 0.450 1.1313 3.33 2 2,4,5-trichlorobiphenyl 1.770 1.330 0.000 0.150 1.6914 6.44 28

benzoate 2,2′,3,3′-tetrachloro- 1.900 1.480 0.000 0.150 1.8138 6.60 28
ethyl 4-hydroxybenzoate 0.860 1.350 0.690 0.450 1.2722 3.60 2 biphenyl
propyl 4-hydroxy- 0.860 1.350 0.690 0.450 1.4131 3.99 2 2,3,4,5-tetrachloro- 1.920 1.460 0.000 0.130 1.8138 6.86 28

benzoate biphenyl
methyl 2-hydroxy- 0.850 0.840 0.040 0.460 1.1313 3.60 29 2,3,4,5,6-pentachloro- 2.040 1.610 0.000 0.130 1.9362 6.99 28

benzoate biphenyl
1-naphthol 1.520 1.050 0.600 0.370 1.1440 4.01 2 2,2′,3,3′,6,6′-hexachloro- 2.140 1.740 0.000 0.110 2.0586 7.13 28
benzyl alcohol 0.803 0.870 0.390 0.560 0.9160 2.86 2 biphenyl
2-phenyl-1-ethanol 0.811 0.860 0.310 0.650 1.0569 3.12 2 2,2′,3,3′,4,4′-hexachloro- 2.180 1.740 0.000 0.110 2.0586 7.53 28
3-phenyl-1-propanol 0.821 0.940 0.310 0.650 1.1978 3.40 2 biphenyl
4-phenyl-1-butanol 0.811 0.900 0.330 0.700 1.3390 3.77 2 methyl methacrylate 0.245 0.510 0.000 0.440 0.8445 2.85 20
5-phenyl-1-pentanol 0.804 0.900 0.330 0.720 1.4800 4.19 2 butyl methacrylate 0.149 0.570 0.000 0.450 1.2680 4.10 20
6-phenyl-1-hexanol 0.804 0.900 0.330 0.720 1.6200 4.58 2 2-methoxyanisole 0.968 1.340 0.000 0.380 1.0902 3.35 33
2-phenoxyethanol 0.850 0.950 0.300 0.780 1.1156 3.11 2 4-methoxyanisole 0.970 1.290 0.000 0.400 1.0902 3.34 33

a Not used in the regression analyses.

æ )
Vmicelle

Vaqueous
)

V(Csurf - cmc)

1 - V(Csurf - cmc)
(9)
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Table 2. Logarithm of the Experimental Gas-to-Aqueous SDS Micellar Partition Coefficients, logKSDS/gas

solute E S A B° L log K ref solute E S A B° L log K ref

argon 0.000 0.000 0.000 0.000-0.688 -1.002 5 butylbenzene 0.600 0.510 0.000 0.150 4.730 3.918 5
oxygen 0.000 0.000 0.000 0.000-0.723 -1.057 5 pentylbenzene 0.594 0.510 0.000 0.150 5.23 4.130 5
methane 0.000 0.000 0.000 0.000-0.323 -0.780 5 1,4-dimethylbenzene 0.613 0.520 0.000 0.160 3.839 3.617 5
ethane 0.000 0.000 0.000 0.000 0.492 0.049 5 biphenyl 1.360 0.990 0.000 0.260 6.014 5.649 5
propane 0.000 0.000 0.000 0.000 1.050 0.523 5 naphthalene 1.340 0.920 0.000 0.200 5.161 4.928 5
butane 0.000 0.000 0.000 0.000 1.615 1.124 5 1-methylnaphthalene 1.344 0.900 0.000 0.200 5.802 5.456 5
pentane 0.000 0.000 0.000 0.000 2.162 1.620 5 anthracene 2.290 1.340 0.000 0.280 7.568 7.327 5
hexane 0.000 0.000 0.000 0.000 2.668 1.906 5 phenanthrene 2.055 1.290 0.000 0.260 7.632 7.307 5
heptane 0.000 0.000 0.000 0.000 3.173 2.624a 5 pyrene 2.808 1.710 0.000 0.280 8.833 8.377 5
octane 0.000 0.000 0.000 0.000 3.677 3.160a 5 perylene 3.256 1.760 0.000 0.400 12.053 11.687 26
nonane 0.000 0.000 0.000 0.000 4.182 3.565a 5 styrene 0.849 0.650 0.000 0.160 3.856 3.291 16
decane 0.000 0.000 0.000 0.000 4.686 4.105a 5 chlorobenzene 0.718 0.650 0.000 0.070 3.657 3.373 5
cyclohexane 0.305 0.100 0.000 0.000 2.964 1.507 2 fluorobenzene 0.477 0.570 0.000 0.100 2.788 3.091 5
ethylcyclohexane 0.260 0.100 0.000 0.000 3.877 1.937 16 bromobenzene 0.882 0.730 0.000 0.090 4.041 3.974 5
tetrafluoromethane -0.580 -0.260 0.000 0.000-0.817 -1.313 2 iodobenzene 1.188 0.820 0.000 0.120 4.502 4.412 5
dichloromethane 0.387 0.570 0.100 0.050 2.019 2.107 5 1,2-dichlorobenzene 0.872 0.780 0.000 0.040 4.518 4.271 5
chloroform 0.425 0.490 0.150 0.020 2.480 2.447 5 1,3-dichlorobenzene 0.847 0.730 0.000 0.020 4.410 4.044 5
carbon tetrachloride 0.458 0.380 0.000 0.000 2.823 2.237 5 1,4-dichlorobenzene 0.825 0.750 0.000 0.020 4.435 4.193 15
cis-dichloroethylene 0.436 0.610 0.110 0.050 2.439 2.987 17 anisole 0.710 0.750 0.000 0.290 3.890 3.864 5
trans-dichloroethylene 0.425 0.410 0.090 0.050 2.278 2.527 17 nitrobenzene 0.871 1.110 0.000 0.280 4.557 4.964 5
trichloroethylene 0.524 0.400 0.080 0.030 2.997 2.621 18 benzonitrile 0.742 1.110 0.000 0.330 4.039 5.211 5
tetrachloroethylene 0.639 0.440 0.000 0.000 3.584 2.849 18 benzaldehyde 0.820 1.000 0.000 0.390 4.008 4.448 15
iodoethane 0.640 0.400 0.000 0.150 2.573 2.484 5 acetophenone 0.818 1.010 0.000 0.480 4.501 5.557 5
1-iodobutane 0.628 0.400 0.000 0.150 3.6280 2.839 5 4-methoxyacetophenone 0.916 1.580 0.000 0.530 5.935 7.397 2
halothane 0.102 0.380 0.150 0.050 2.177 1.723 5 benzophenone 1.447 1.500 0.000 0.500 6.852 8.117 2
1,4-dioxane 0.329 0.750 0.000 0.640 2.892 4.307 5 aniline 0.955 0.960 0.260 0.500 3.934 5.807 5
acetone 0.179 0.700 0.040 0.490 1.696 3.177 5 4-methylaniline 0.923 0.950 0.230 0.520 4.452 5.987 5
2-butanone 0.166 0.700 0.000 0.510 2.287 3.841 5 acetanilide 0.900 1.370 0.480 0.670 5.567 8.977 2
2-pentanone 0.143 0.680 0.000 0.510 2.755 4.14 5 benzoic acid 0.730 0.900 0.590 0.400 4.510 7.187 2
3-pentanone 0.154 0.660 0.000 0.510 2.811 3.787 5 3-methylbenzoic acid 0.730 0.890 0.600 0.400 4.719 7.497 2
2-hexanone 0.136 0.680 0.000 0.510 3.286 4.387 5 4-methylbenzoic acid 0.730 0.900 0.600 0.430 4.990 7.517 2
4-methyl-2-pentanone 0.111 0.650 0.000 0.510 3.089 3.947 5 3-chlorobenzoic acid 0.840 0.950 0.630 0.320 5.197 7.847 2
2-heptanone 0.123 0.680 0.000 0.510 3.760 4.668 5 4-chlorobenzoic acid 0.840 1.020 0.630 0.270 4.947 7.497 2
2-octanone 0.108 0.680 0.000 0.510 4.257 4.927 5 3-bromobenzoic acid 1.000 1.100 0.640 0.270 5.760 7.987 2
2-nonanone 0.119 0.680 0.000 0.510 4.735 5.164 5 4-iodobenzoic acid 1.310 1.150 0.640 0.310 6.351 8.627 2
2-decanone 0.108 0.680 0.000 0.510 5.245 5.694 5 3-hydroxybenzoic acid 0.910 0.880 0.860 0.580 4.860 9.077 2
acetonitrile 0.237 0.900 0.070 0.320 1.739 3.087 5 4-hydroxybenzoic acid 0.930 0.900 0.810 0.560 4.867 8.177 2
propanenitrile 0.162 0.900 0.020 0.360 2.082 3.507 5 4-methoxybenzoic acid 0.899 1.250 0.620 0.520 5.741 9.047 2
butyronitrile 0.188 0.900 0.000 0.360 2.548 3.837 5 3-nitrobenzoic acid 0.990 1.180 0.730 0.520 5.601 9.237 2
1-pentanenitrile 0.177 0.900 0.000 0.360 3.108 4.247 5 4-nitrobenzoic acid 0.990 1.520 0.680 0.400 5.770 9.247 2
methanol 0.278 0.440 0.430 0.470 0.970 3.819 5 phenol 0.805 0.890 0.600 0.300 3.766 6.464 5
ethanol 0.246 0.420 0.370 0.480 1.485 4.050 5 2-methylphenol 0.840 0.860 0.520 0.300 4.218 6.247 5
1-propanol 0.236 0.420 0.370 0.480 2.031 4.441 5 3-methylphenol 0.822 0.880 0.570 0.340 4.31 6.597 2
2-propanol 0.212 0.360 0.330 0.560 1.764 4.227 5 4-methylphenol 0.820 0.870 0.570 0.310 4.312 6.497 5
1-butanol 0.224 0.420 0.370 0.480 2.601 4.722 5 2,3-dimethylphenol 0.850 0.820 0.510 0.370 4.495 6.897 5
2-methyl-1-propanol 0.217 0.390 0.370 0.480 2.413 4.687 5 2,4-dimethylphenol 0.843 0.790 0.520 0.400 4.770 6.827 5
2-butanol 0.217 0.360 0.330 0.560 2.338 4.657 5 2,5-dimethylphenol 0.840 0.830 0.500 0.380 4.774 6.757 5
tert-butanol 0.180 0.300 0.310 0.600 2.630 4.367 5 2,6-dimethylphenol 0.850 0.820 0.510 0.370 4.680 6.237 5
1-pentanol 0.219 0.420 0.370 0.480 3.106 5.185 5 3,5-dimethylphenol 0.830 0.860 0.550 0.370 4.856 7.017 5
2-pentanol 0.195 0.360 0.330 0.560 2.840 4.772 5 4-ethylphenol 0.800 0.900 0.550 0.360 4.737 6.96 5
3-pentanol 0.218 0.360 0.330 0.560 2.860 4.477 5 4-propylphenol 0.793 0.880 0.550 0.370 5.185 7.367 5
3-methyl-1-butanol 0.192 0.390 0.370 0.480 3.011 4.977 5 4-tert-butylphenol 0.810 0.890 0.560 0.390 5.264 7.517 5
3-methyl-2-butanol 0.194 0.330 0.330 0.580 2.7930 5.007 19 4-fluorophenol 0.670 0.970 0.630 0.230 3.844 6.387 5
2-methyl-2-butanol 0.194 0.300 0.310 0.600 2.630 4.697 5 4-chlorophenol 0.909 1.060 0.690 0.150 4.775 7.257 5
1-hexanol 0.210 0.420 0.370 0.480 3.610 5.551 5 4-bromophenol 1.080 1.170 0.670 0.200 5.135 7.627 5
2-hexanol 0.187 0.360 0.330 0.560 3.340 5.067 5 pentachlorophenol 1.217 0.860 0.610 0.090 6.864 7.727 2
3-hexanol 0.200 0.360 0.330 0.560 3.343 4.867 21 4-methoxyphenol 0.900 1.170 0.570 0.480 4.773 7.407 2
4-methyl-2-pentanol 0.167 0.330 0.330 0.560 3.179 4.943 19 4-cyanophenol 0.940 1.630 0.800 0.290 5.420 9.247 5
2-methyl-3-pentanol 0.207 0.330 0.330 0.560 3.240 4.959 19 4-nitrophenol 1.070 1.720 0.820 0.260 5.876 9.627 5
1-heptanol 0.211 0.420 0.370 0.480 4.115 5.687 5 catechol 0.970 1.100 0.880 0.470 4.450 8.617 2
2-heptanol 0.188 0.360 0.330 0.560 3.842 5.197 2 methyl 4-hydroxybenzoate 0.900 1.370 0.690 0.450 5.665 9.027 2
1-octanol 0.199 0.420 0.370 0.480 4.619 6.077 5 1-naphthol 1.520 1.050 0.600 0.370 6.130 8.497 5
1-decanol 0.191 0.420 0.370 0.480 5.628 5.937a 2 2-naphthol 1.520 1.080 0.610 0.400 6.200 8.785 5
2-ethoxyethanol 0.237 0.520 0.310 0.810 2.792 5.507 2 benzyl alcohol 0.803 0.870 0.390 0.560 4.221 6.577 5
2-butoxyethanol 0.201 0.500 0.300 0.830 3.806 6.487 5 2-phenyl-1-ethanol 0.811 0.860 0.310 0.650 4.628 6.957 5
1,3-propanediol 0.397 0.910 0.720 0.850 3.263 7.912 2 3-phenyl-1-propanol 0.821 0.940 0.310 0.650 5.312 7.342 5
1,3-butanediol 0.377 0.900 0.700 0.830 3.642 7.591 23 1-nitrobutane 0.227 0.950 0.000 0.290 3.415 4.08 5
methyl acetate 0.142 0.640 0.000 0.450 1.911 3.824 22 1-nitropentane 0.212 0.950 0.000 0.290 3.938 4.298 5
ethyl acetate 0.106 0.620 0.000 0.450 2.314 3.736 22 4,4′-dichlorobiphenyl 1.640 1.180 0.000 0.160 7.580 7.184 28
propyl acetate 0.092 0.600 0.000 0.450 2.819 3.685 22 benzamide 0.990 1.500 0.490 0.670 5.767 9.553 5
benzene 0.610 0.520 0.000 0.140 2.786 2.644 5 bromoethane 0.366 0.400 0.000 0.120 2.120 2.147 5
toluene 0.601 0.520 0.000 0.140 3.325 3.071 5 1-bromopropane 0.366 0.400 0.000 0.120 2.620 2.707 5
ethylbenzene 0.613 0.510 0.000 0.150 3.778 3.358 5 1-bromobutane 0.340 0.400 0.000 0.120 3.1050 2.977 5
propylbenzene 0.604 0.500 0.000 0.150 4.230 3.599 5
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All regression analyses were performed using SPSS statistical
software. The equation coefficients of eq 10 are nearly
identical to those of the correlation derived previously by
Abraham et al.2 The coefficients for eq 10 reflect the
difference in properties of the SDS micellar phase from those
of water. The negativea andb coefficients indicate that the
micellar phase is both a weaker hydrogen bond acid and a
weaker hydrogen bond base than water as expected. Figure
1 compares the calculated values of logPx,SDS/waterbased on
eq 10 against the observed values.

In order to assess the predictive ability of eq 10 we divided
the 207 data points into a training set and a test set by
allowing the SPSS software to randomly select half of
experimental values. The selected data points became the
training set, and the compounds that were left served as the
test set. Analysis of the experimental data in the training set
gave

There is very little difference in the equation coefficients
for the full data set and training data set correlations. The
training set correlation was then used to predict logPx,SDS/water

values for the 103 compounds in the test set. For the

predicted and experimental values, we find that SD) 0.2324,
AAE (average absolute error)) 0.1722 and the AE (average
error) ) -0.0019. There is therefore very little bias in the
predictions using eq 11 with AE equal to-0.0019.

Table 2 contains the 104 gas-to-aqueous SDS micellar
partition coefficients, expressed as logKSDS/gas, used by
Bel’skii in deriving eq 6 plus numerical values for an
additional 39 organic compounds that were calculated from
experimental logPx,SDS/waterand logKW data through eq 7.
Analysis of the experimental data in accordance with the
Abraham model yielded the following correlation equation:

Preliminary regression analysis again identified heptane,
octane, nonane, decane, and 1-decanol as outliers, and these
five solutes were left out of the database used to generate
eq 12. The statistics of eq 12 are quite good with a squared
correlation coefficient ofR2 ) 0.992 and a standard deviation
of SD ) 0.223 for a data set that covers a range of 13 log
units. In comparison, eq 6, which uses theV solute
descriptor, had a standard deviation of SD) 0.31. Part,
though not all, of the reduced standard deviation for eq 12
is due to the use of the larger database combined with the
removal of the four alkane solutes (heptane, octane, nonane,
and decane) from the regression analyses. A slightly larger
standard deviation of SD) 0.243 was obtained when the
correlation was derived using only the 104KSDS/gasvalues
in the Bel’skii database. The fore-mentioned calculations
clearly show that the Abraham model for solute transfer from

log Px,SDS/water) 1.239(0.052)+ 0.384(0.052)E - 0.482

(0.064)S - 0.190(0.054)A - 1.803(0.065)B° + 3.064
(0.066)V (10)

(N ) 207,R2 ) 0.968, SD) 0.203,F ) 1211.58)

Figure 1. Experimental logPx,SDS/watervs the calculated values based on eq 10.

log Px,SDS/water) 1.327(0.067)+ 0.366(0.064)E -
0.407(0.085)S - 0.126(0.077)A - 1.977(0.091)B° +

2.981(0.087)V (11)

(N ) 104,R2 ) 0.975, SD) 0.189,F ) 751.17)

log KSDS/gas) -0.299(0.073)- 0.087(0.086)E +
1.492(0.091)S + 3.374(0.081)A + 2.690(0.112)B° +

0.684(0.025)L (12)

(N ) 142,R2 ) 0.992, SD) 0.223,F ) 3226.31)
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the gas phase is the more appropriate form of the two
Abraham LFER equations for correlatingKSDS/water data.
Figure 2 compares the calculated values of logKSDS/waterbased
on eq 12 against the observed values. To our knowledge,
there has been only one attempt to correlateKSDS/waterdata,
and that attempt also involved the Abraham model.5 Unlike
Bel’skii,5 we used the form of the Abraham model that was
developed for solute transfer from the gas phase to a
condensed phase.

In order to assess the predictive ability of eq 12 we divided
the 142 data points into a training set and a test set by
allowing the SPSS software to randomly select half of
experimental values. The selected data points became the
training set, and the compounds that were left served as the
test set. Analysis of the experimental data in the training set
gave

There is very little difference in the equation coefficients
for the full data set and training data set correlations. The
training set correlation was then used to predict logKSDS/gas

values for the 71 compounds in the test set. For the predicted
and experimental values, we find that SD) 0.2534, AAE
(average absolute error)) 0.1893, and the AE (average error)
) -0.0009. There is therefore very little bias in the
predictions using eq 13 with AE equal to-0.0009.

Micellar electrokinetic chromatography (MEKC) provides
a convenient experimental method for determining water-
to-micelle partition coefficients. The measured retention
factor determined using a micellar surfactant pseudostation-

ary phase is directly proportional to the partition coefficient.
Several published studies have documented that the MEKC
retention factor on a micellar SDS pseudostationary phase
can be mathematically described by the Abraham model;
however, none of the studies combined experimentalPx,SDS/water

and MEKC retention factors into a single correlation. Our
search of the published literature found more than 250
experimental retention factors from eight studies, plus water-
to-SDS partition coefficient data for 20 solutes that had been
measured by a headspace chromatographic technique. Com-
bined with the experimental logPx,SDS/waterdata from Table
1, we were able to build a database of 476 numerical values
for regression analyses. To account for differences in
experimental conditions, an indicator variable descriptor,I ,
was introduced for each of the eight chromatographic studies.
A ninth indicator descriptor,ICarr , was used for the headspace
chromatographic data33 because the numerical values of the
partition coefficients were referenced to a different thermo-
dynamic standard state. Each indicator descriptor was set
equal to unity for all experimental values for the given study
and set equal to zero otherwise. Analysis of the experimental
data in Tables 1 and S1 yielded the following correlation

Figure 2. Experimental logKSDS/gasdata vs the calculated values based on eq 12.

log KSDS/gas) -0.378(0.073)+ 0.046(0.125)E +
1.392(0.134)S + 3.391(0.127)A + 2.789(0.167)B° +

0.685(0.034)L

(N ) 71,R2 ) 0.992, SD) 0.224,F ) 1718.99) (13)

log (Px,SDS/wateror kSDS,MEKC) ) 1.310(0.031)+
0.401(0.028)E - 0.441(0.032)S - 0.211(0.029)A -

1.748(0.038)B° + 2.936(0.035)V -
1.122(0.038)ICarr - 3.074(0.032)IMEKC -Roses-

3.174(0.028)IMEKC -Dorsey - 3.182(0.054)IMEKC -Foley -
3.137(0.051)IMEKC -Muljeelaer -

3.208(0.023)IMEKC -Kelly - 3.097(0.028)IMEKC -Poole-
3.111(0.031)IMEKC -Testa - 3.247(0.030)IMEKC -Wall

(14)
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The statistics of the eq 14 are quite good for a data set
covering 8.65 log units. A graphical comparison of the
observed versus calculated values is shown in Figure 3.
Careful examination of eqs 10 and 14 reveals that the SDS
micellar solvent equation coefficients (c, e, s, a, b, andV)
are virtually identical for both correlations as would be
expected if the measured retention factor truly represents
solute partitioning from water to the SDS micellar phase.
The molecular interactions between the dissolved solute and
the SDS micellar phase is the same for bothPx,SDS/waterand
kMEKC data.

The differences in the experimental conditions employed
by the different research groups are reflected by the variation
in the eight indicator variable coefficients. The numerical
values of the eight MEKC coefficients span a fairly narrow
range, from-3.073 for IMEKC -Roses coefficient to-3.245
for IMEKC -Wall coefficient. For correlation purposes the eight
MEKC coefficients are identical. We analyzed the 486 data
points one final time

with a singleIMEKC indicator variable to represent all of the
MEKC retention data. Eq 15 provides a very good correlation
of all of the water-to-SDS micellar partition coefficients and
MEKC retention data.

Gil-Agustı́ et al.41 have compared a number of SDS-
alcohol systems using an Abraham LFER and indicator
variables for the various systems; the stratagem we have
followed is exactly the same. Gil-Agustı´ also compared the
Abraham system coefficients for SDS systems with those
for various HPLC systems and water-solvent partition
coefficients. The system coefficients in all these cases contain
information on the partition of solutes between two phases,
for example between water and an SDS micelle or between
the mobile phase and the stationary phase in an HPLC
system. The system coefficients thus encode information on
the differential interaction of the solute with the two phases,
that is the difference in solute-solvent interactions with each
of the phases. However, when an Abraham equation is
applied to partition from the gas phase to a given solvent
system, the coefficients encode information on the solute-
solvent system only. These coefficients for transfer from the
gas phase are therefore much easier to interpret, and so we
have taken advantage of the large data set we have assembled
on gas to SDS transfer, and the consequent eq 12 to compare
coefficients with other gas to solvent phase transfers.

The phases and their coefficients are in Table 3 and include
a number of room-temperature ionic liquids, RTILs, that we
have previously characterized42 as well as a number of
representative organic solvents.42 The a- andb-coefficients
for the SDS phase are quite large and indicate that the
interactions of the phase with basic and acidic solutes will
be quite large. A useful way of comparing sets of coefficients
is to carry out a principal components analysis, PCA, on the
coefficients e to l. The five columns of coefficients are
transformed into five PCs. In the present case, the first two
PCs contain 76% of the total information, so that a plot of
the scores of the first two PCs will give an indication of
how close are the sets of coefficients. As can be seen from

Figure 3. Experimental log (Px,SDS/wateror kSDS,MEKC) data vs the calculated values based on eq 14.

(N ) 486,R2 ) 0.992, SD) 0.154,F ) 4106.65)

log (Px,SDS/wateror kSDS,MEKC) ) 1.334(0.032)+
0.391(0.028)E - 0.419(0.033)S - 0.229(0.026)A -

1.751(0.039)Bo + 2.909(0.035)V -
1.127(0.039)ICarr - 3.163(0.016)IMEKC (15)

(N ) 486,R2 ) 0.991, SD) 0.160,F ) 7765.53)
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Figure 4, the SDS system, no. 1, is quite far from organic
solvents that are nonpolar or of only medium polarity. The
nearest are methanol, no. 27, and ethylene glycol, no. 29,
indicating how polar is the SDS system. Perhaps surprisingly,
the SDS system is quite close to the RTILs, nos. 2-9,
especially nos. 2, 4, 8, and 9. It is difficult to think of any
other methodology that could yield such an intriguing result.

The closeness of the SDS system to the RTILs indicates
that solvation of gaseous solutes in these various systems is
quite similar but does not give precise information as to the
selectivity of the systems for various types of solute. A
considerable advantage of the present methodology is that
it is very easy to calculate gas to solvent partition, as logK
values for a large number of solutes. Then for two solutes
in a given phase, the selectivity of the phase can be obtained
quantitatively as

In Table 4 are given values ofR for a number of pairs of
solute of about the same size. For benzene and cyclohexane
the SDS system is reasonably selective toward benzenes
about the same as some of the RTILs but somewhat less
than the polar organic phases. For the butylamine and
bromobutane solute pair, the SDS system is very selective
toward the organic base, much more than the RTILs, and
exceeded in selectivity only by the organic solvents that are
very polar. The final pair of solutes includes the hydrogen
bond acid, butan-1-ol, and the corresponding methyl ether;
again, the SDS system shows good selectivity.

We can therefore predict that the SDS system will show
as good a selectivity toward aromatic compounds, hydrogen
bond bases, and hydrogen bond acids as do the RTILs. Since
the SDS system is largely aqueous, it represents a very
environmentally useful selective solvent system. The organic
solvents that are more selective than the SDS system are all
environmentally hazardous, while water, the most selective
phase, suffers from poor solubility for the less polar solutes.

Table 3. System Coefficients for Gas to Condensed Phase
Processesa

phase no. c e s a b l

SDS 1 -0.299 -0.087 1.492 3.374 2.690 0.684
([MBIm] +[Tf 2N]-) 2 -0.407 0.040 2.158 2.478 0.665 0.679
([MHIm] +[Tf 2N]-) 3 -0.170 -0.116 2.079 2.141 0.429 0.704
([M3BAm]+[Tf 2N]-) 4 0.288 0.115 2.047 2.152 0.723 0.627
([MOIm]+[BF4]-) 5 -0.268 -0.100 1.800 3.224 0.453 0.722
([MBPy]+[BF4]-) 6 -0.611 0.487 2.484 3.190 0.558 0.606
([MBIm] +[PF6]-) 7 -0.602 -0.087 2.840 2.786 0.140 0.631
([MEIM] +[Tf 2N]-) 8 -0.439 0.148 2.277 2.172 1.041 0.629
([M2EIM]+[Tf 2N]-) 9 -0.565 0.214 2.347 2.075 0.896 0.655
hexane 10 0.292-0.169 0.000 0.000 0.000 0.979
hexadecane 11 0.000 0.000 0.000 0.000 0.000 1.000
tetrachloromethane 12 0.282-0.303 0.460 0.000 0.000 1.047
carbon disulfide 13 0.101 0.251 0.177 0.027 0.095 1.068
1,2-dichloroethane 14 0.011-0.150 1.436 0.649 0.736 0.936
chloroform 15 0.116-0.467 1.203 0.138 1.432 0.994
ether 16 0.288-0.347 0.775 2.985 0.000 0.973
acetone 17 0.154-0.277 1.522 3.258 0.078 0.863
ethyl acetate 18 0.203-0.335 1.251 2.949 0.000 0.917
acetonitrile 19-0.007 -0.595 2.461 2.085 0.418 0.738
dimethylformamide 20-0.174 -0.339 2.315 4.112 0.000 0.830
N-methylpyrrolidinone 21-0.293 0.253 2.210 5.094 0.000 0.818
dimethylsulfoxide 22-0.619 0.131 2.811 5.474 0.000 0.734
toluene 23 0.121-0.222 0.938 0.467 0.099 1.012
chlorobenzene 24 0.053-0.553 1.254 0.364 0.000 1.041
nitrobenzene 25-0.295 0.121 1.682 1.247 0.370 0.915
2,2,2-trifluoroethanol 26-0.133 -0.611 1.457 1.899 4.461 0.633
methanol 27-0.004 -0.215 1.173 3.701 1.432 0.769
octan-1-ol 28-0.119 -0.203 0.560 3.576 0.702 0.940
ethylene glycol 29-0.876 0.278 1.431 4.584 2.525 0.558
water 30 -1.271 0.822 2.743 3.904 4.814-0.213

a Abbreviations: 1-methyl-3-butylimidazolium bis(trifluoromethyl-
sulfonyl)imide ([MBIm]+[Tf 2N]-); 1-methyl-3-hexylimidazolium bis-
(trifluoromethylsulfonyl)imide ([MHIm]+[Tf 2N]-); trimethylbutylam-
monium bis(trifluoromethylsulfonyl)imide ([M3BAm]+[Tf2N]-); 1-methyl-
3-octylimidazolum tetrafluoroborate ([MOIm]+[BF4]-); 4-methyl-N-
butylpyridinium tetrafluoroborate ([MBPy]+[BF4]-); 1-methyl-3-
butylimidazolium hexafluorophosphate ([MBIm]+[PF6]-); 1-methyl-
3-ethylimidazolium bis(trifluoromethylsulfonyl)imide ([MEIM]+[Tf2N]-);
1,2-dimethyl-3-ethylimidazolium bis(trifluoromethylsulfonyl)imide
([M2EIM] +[Tf 2N]-).

Figure 4. A plot of the scores of PC2 against PC1 for the
coefficients of the phases listed in Table 3. Points numbered as in
Table 3. The point for water has been left out, as it is well off
scale. SDS9; RTILs O; remaining phasesb.

Table 4. Selective Solubility of Gaseous Solutes in Various Phases
asR ) log K (solute 1)- log K (solute 2)

solute 1 benzene butylamine butan-1-ol
solute 2 cyclohexane bromobutane methyl butyl ether

system selectivity,R

SDS 0.855 1.794 1.555
([MBIm] +[Tf 2N]-) 0.891 0.607 1.279
([MHIm] +[Tf 2N]-) 0.773 0.464 1.102
([M3BAm]+[Tf 2N]-) 0.884 0.579 1.158
([MOIm] +[BF4]-) 0.660 0.661 1.458
([MBPy]+[BF4]-) 1.162 0.589 1.678
([MBIm] +[PF6]-) 1.074 0.383 1.468
([MEIM] +[Tf 2N]-) 1.035 0.721 1.223
([M2EIM] +[Tf 2N]-) 1.060 0.622 1.204
hexane -0.226 0.022 -0.086
hexadecane -0.178 -0.002 -0.057
tetrachloromethane -0.086 0.018 -0.036
carbon disulfide -0.026 0.004 0.028
1,2-dichloroethane 0.494 0.412 0.433
chloroform 0.386 0.728 0.173
ether 0.046 0.486 1.119
acetone 0.412 0.521 1.369
ethyl acetate 0.260 0.455 1.192
acetonitrile 0.779 0.498 1.058
dimethylformamide 0.721 0.589 1.807
N-methylpyrrolidinone 0.860 0.667 2.259
dimethylsulfoxide 1.090 0.715 2.485
toluene 0.160 0.106 0.239
chlorobenzene 0.173 0.072 0.190
nitrobenzene 0.632 0.278 0.732
2,2,2-trifluoroethanol 0.937 2.502 0.983
methanol 0.491 1.264 1.544
octan-1-ol 0.104 0.915 1.356
ethylene glycol 0.940 1.859 2.058
water 2.115 2.730 2.263

R ) log K (solute 1)- log K (solute 2) (16)
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Supporting Information Available: Micellar electroki-
netic chromatographic retention factor data for organic solutes
determined using a micellar SDS surfactant pseudostationary
phase and numerical values of the solute descriptors for the
compounds studied (Table S1). This material is available free
of charge via the Internet at http://pubs.acs.org
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