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a b s t r a c t

Micellar electrokinetic chromatography (MEKC) systems with mixed pseudostationary phases of the bile
surfactants sodium cholate (SC) and sodium deoxycholate (SDC) have been characterized by means of the
solvation parameter model. The importance of characterizing systems with an appropriate set of solutes
that embrace a wide range of descriptor values has been proven as they can significantly influence the
value of the system constants. The fit of the solvation parameter model to the experimental log k data has
eywords:
icellar electrokinetic chromatography

olvation parameter model
olute descriptors
odium cholate

been compared for each SC–SDC system when the Abraham descriptors and the Poole optimized descrip-
tors, recently proposed, are used. In both cases, the variation in MEKC surfactant composition results in
similar changes in the coefficients of the correlation equations, which in turn leads to similar information
on solute–solvent and solute–micelle interactions. It is demonstrated that SDC is more hydrogen-bond
acidic and hydrophobic but slightly less polarizable than SC. Systems with intermediate selectivity are
obtained through mixtures of both surfactants.
odium deoxycholate
urfactants

. Introduction

Micellar electrokinetic chromatography (MEKC) is a well-
stablished separation technique based on electrophoretic and
lectroosmotic principles whose distinguishing feature is the addi-
ion of a surfactant above its critical micelle concentration to the
eparation buffer. As a consequence, solutes are separated not
nly by migration but also by distribution between the aqueous
hase (bulk electrolyte) and the pseudostationary phase (charged
icelles), which allows the separation of complex mixtures of

oth neutral and ionized solutes [1–3]. The uncharged solutes are
eparated according to their distribution constants between the
queous and micellar phases, whereas the charged solutes are sep-
rated as a result of their distribution between phases and their
lectrophoretic mobility. The main advantage of MEKC is the pos-
ibility of modifying the migration behaviour and separation in
very easy and flexible way, only by changing the nature of the
seudostationary phase. This can be achieved by proper selection
f the surfactant type or by the addition of complexing agents
e.g., cyclodextrins, urea, etc.) or organic solvents to the separation
olution [3–8]. However, it is generally accepted that the choice
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of surfactant is the most important consideration for varying the
chemical nature of the medium and optimizing selectivity [8,9].

The solvation parameter model is strongly recommended to
characterize MEKC systems [10] because it allows a better under-
standing of the types and the relative strength of the chemical
interactions that control retention. This model, developed by Abra-
ham [11], provides information not only about how different the
characterized systems are, but also about the magnitude of the
different interactions between the phases (aqueous phase and
micellar phase in MEKC) and neutral solutes. It is based on linear
free energy relationships (LFERs) established with solute descrip-
tors. The suitable form for MEKC can be written as:

log k = c + eE + sS + aA + bB + vV (1)

where k is the MEKC retention factor and E, S, A, B and V are
the solute descriptors proposed by Abraham [11]. E is an excess
molar refraction, S is the solute dipolarity/polarizability, A and B are
the solute’s effective hydrogen-bond acidity and hydrogen-bond
basicity, respectively, and V is McGowan’s solute characteristic vol-
ume. The correlation coefficients of Eq. (1) are characteristic of

the system (micellar phase + aqueous buffer) and reflect the sys-
tem properties that are complementary to the corresponding solute
property, i.e. they are system constants.

Since the solute property correlated to the solvation descrip-
tors (log k for MEKC) can be any property related to free energy,

http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
mailto:marti@apolo.qui.ub.es
dx.doi.org/10.1016/j.chroma.2010.01.001
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he solvation parameter model has also been applied to the char-
cterization of many other physicochemical systems apart from
EKC systems [10,12,13], as well as it has been demonstrated to

e extremely useful for the characterization of many biological pro-
esses [14–16].

As the MEKC retention factor is directly related to the parti-
ion of the solute between the micellar phase and the aqueous
hase, e refers to the difference in capacity of each phase to inter-
ct with solute �- and n-bonding electrons; s is a measure of the
ifference in capacity of the micellar phase and the aqueous phase
o take part in dipole–dipole and dipole-induced dipole interac-
ions; a and b represent the differences in hydrogen-bond basicity
nd acidity, respectively, between the micellar and the aqueous
hases; v is a measure of the relative ease of forming a cavity
or the solute in the buffer and the micelles. The intercept of the
orrelation, c, is related to the pseudostationary/aqueous buffer
hase ratio and its value influences the retention time but not the
electivity. For any MEKC system the coefficients of the correlation
quation can be obtained by multiple linear regression analysis
f the experimental log k values acquired for a group of varied
olutes with known descriptor values. As the proper selection of
n adequate collection of solutes is extremely important to accu-
ately determine the coefficients of Eq. (1), the literature gives some
ecommendations [9,10,17]. In general terms, this set of solutes
ust have properties sufficiently varied to define all interactions

n Eq. (1) and be of sufficient number to establish the statistical
alidity of the model. In order to obtain a good fit of the solva-
ion parameter model, well-characterized descriptor values with
he minimal uncertainty for the selected set of compounds are also
equired. Abraham et al. [18] constructed the available database of
escriptor values, which collects 4000 solutes characterized by all
r some of their descriptors. Recently, Poole et al. [19] have pro-
osed a collection of new descriptor values which were optimized
or chromatographic methods using well-characterized systems
f gas chromatography, reversed-phase chromatography, micel-
ar electrokinetic chromatography, and liquid–liquid partitioning.
hese Poole optimized descriptors are expected to afford a better
t to the experimental data and smaller standard deviations for the
ystem constants than the Abraham descriptors.

With the wide range of surfactants commercially available, sev-
ral individual MEKC surfactants have been characterized through
he solvation parameter model [3,4,8,9,13,17,20]. Such model has
lso been applied to the characterization of mixed-micellar sys-
ems [5,21–23]. The attention that has been paid to the use of mixed

icelles is due to the fact that the properties of the pseudostation-
ry phase, and therefore the coefficients of Eq. (1) for the MEKC
ystem, can be continuously varied by changing the proportion of
he surfactants in the mixture. This is especially interesting as it
an facilitate the fine-tuning of selectivity, as has been reported
n some studies carried out to classify the chemical selectivity of
lectrokinetic chromatography systems [13,23].

In this work, we characterize mixed-micellar systems of
odium cholate (SC) and sodium deoxycholate (SDC) (Fig. 1). The
anuscript is part of a series devoted to the characterization and

electivity of different MEKC systems, composed of individual or
ixed micelles, and to the study of several factors that influence

he results. Some individual surfactant systems included in this
eries are the anionic sodium dodecyl sulfate (SDS), lithium dode-
yl sulfate (LDS), lithium perfluorooctanesulfonate (LPFOS), SC, SDC
nd the cationic tetradecyltrimethylammonium bromide (TTAB)
nd hexadecyltrimethylammonium bromide (HTAB). Regarding

ixed-micellar systems, this series has only included the charac-

erization of the following binary mixtures: SDS with the neutral
urfactant Brij 35, and two surfactants with very different proper-
ies, LDS and LPFOS. In the present work, we characterize another

ixture composed of two individual bile salt surfactants that are
Fig. 1. Chemical structure of the monomers of the bile surfactants: (a) sodium
cholate (SC) and (b) sodium deoxycholate (SDC).

very similar, SC and SDC. We study how their composition in the
mixtures affects the coefficients of the solvation parameter model.
The effect of the set of solutes and descriptors used and the pH of
the buffer on the characterization coefficients are also discussed.

2. Experimental

2.1. Apparatus and conditions

All separations were performed with a Beckman P/ACE System
5500 Capillary Electrophoresis with a UV diode array detec-
tor. The fused-silica separation capillaries were 40 cm effective
length × 50 �m I.D. and were obtained from Composite Metal Ser-
vices Ltd (Shipley, West Yorkshire, UK). The capillary was activated
by the following washing sequence: water (10 min), 1 M NaOH
(10 min), water (5 min), 0.1 M NaOH (10 min), water (5 min) and
separation solution (20 min). This sequence was also used for
conditioning the capillary when the pseudostationary phase was
changed. As daily conditioning when using the same pseudosta-
tionary phase, the capillary was flushed with water for 5 min,
followed by 0.1 M NaOH for 5 min, water for 5 min and separation
solution for 20 min. Prior to each separation when using the same
pseudostationary phase the capillary was flushed with separation
solution for 3 min. Retention measurements were made at 25 ◦C
and +15 kV. Detection was at 214 nm.

All systems (separation solutions) were 20 mM in aqueous
buffer. The systems at pH 8 were prepared by dissolving the sur-
factants in NaH2PO4:Na2B4O7 (65:35) buffer. For 80 mM SC at
pH 7 the system was prepared by dissolving the surfactant in
NaH2PO4:Na2HPO4 (50:50) buffer. For 80 mM SC at pH 6 the system
was prepared by dissolving the surfactant in NaH2PO4:Na2HPO4
(50:50) buffer and neutralizing with HCl. Surfactant concentrations
were similar to the ones used by other authors [4,8,17], and they
were chosen to be well above the critical micelle concentration
(CMC) in order to obtain a reasonable volume of pseudostationary

phase and an acceptable elution window. The proportion of each
surfactant in the mixtures was chosen in such a way that the total
surfactant concentration ranged from 40 mM to 80 mM, with the
total surfactant concentration varied in increments of 10 mM.



hroma

fl
m
d
t
b
w
f
s
n
p
0
i

2

s
h
M
(
f
n
p
w
r
(
(
(

2

w
t
u
s

k

m

3

3
s

i
b

t
t
s
i
t
t
a
b
s
p
a
w
c
1

M. Hidalgo-Rodríguez et al. / J. C

Solutes were dissolved in methanol (used as electroosmotic
ow marker) and contained 2 mg mL−1 of dodecanophenone as
icellar marker [24]. The injection of methanol produces a local

isruption of the micellar phase. For low micellar concentrations,
he disruption causes peak splitting [25], which can be avoided
y working at higher concentrations such as those used in this
ork. The concentration of the solutes was 2 mg mL−1, except

or the alcohols which were 40% (v/v) in order to obtain mea-
urable absorbance. All solutions were filtered through 0.45-�m
ylon syringe filters obtained from Albet (Dassel, Germany). Sam-
les were introduced into the capillary by applying a pressure of
.5 p.s.i. for 1 s (1 p.s.i. = 6894.76 Pa). All measurements were taken

n triplicate.

.2. Reagents and materials

Hydrochloric acid (25% in water), sodium hydroxide (>99%),
odium dihydrogenphosphate monohydrate (>99%), disodium
ydrogenphosphate (>99%) and methanol (HPLC grade) were from
erck (Darmstadt, Germany). Disodium tetraborate decahydrate

>99.5%) was from Sigma (Steinheim, Germany). SC (>98%) was
rom Fluka (Steinheim, Germany). SDC (98%) and dodecanophe-
one (98%) were from Aldrich (Steinheim, Germany). Water was
urified by a Milli-Q plus system from Millipore (Bedford, MA, USA),
ith a resistivity of 18.2 M� cm. The test solutes employed were

eagent grade or better and obtained from several manufacturers
Merck (Darmstadt, Germany), Sigma (Steinheim, Germany), Fluka
Steinheim, Germany), Aldrich (Steinheim, Germany), Carlo Erba
Milano, Italy), Baker (Deventer, Netherlands)).

.3. Calculation

The MEKC retention factor, k, was calculated according to Eq. (2)
ith the migration time of methanol used to determine the elec-

roosmotic flow (t0), and the migration time of dodecanophenone
sed to determine the migration time of the micelles (tm). tR is the
olute migration time:

= tR − t0

(1 − (tR/tm))t0
(2)

Microsoft Excel XP was used to perform data calculations and
ultiple linear regression analysis.

. Results and discussion

.1. Influence of the set of solutes on the characterization of
ystems

Although most MEKC systems are usually characterized at pH 7,
t was decided to characterize all the systems studied here at pH 8
ecause SDC presents low solubility at pH 7.

The 80 mM SC pure surfactant system at pH 8 was the first one
o be characterized by means of the solvation parameter model
hrough Eq. (1) by analysis of the log k data of a series of 69
olutes with known E, S, A, B and V descriptor values. The stud-
ed solutes and their descriptors are given in Table 1, where both
he Abraham descriptor values [18] and the optimized descrip-
or values recently proposed by Poole et al. [19] for some of them
re presented. In this section, only the Abraham descriptors have
een employed for the system characterizations. The collection of
olutes has been selected according to a study carried out in a

revious work [17] in which they were considered an appropri-
te group of compounds for MEKC characterizations covering a
ide range of solute descriptor values. Initially, the compounds 4-

hlorophenol, catechol, resorcinol, hydroquinone, 2-naphthol, and
,2,3-trihydroxybenzene were not included in the characterization
togr. A 1217 (2010) 1701–1708 1703

set because they have aqueous pKa values between 9 and 10 and
therefore they are susceptible to be partially ionized at the working
pH (pH 8). The k values obtained were calculated by Eq. (2). The sys-
tem constants and the statistics for the fit of the solvation parameter
model to the experimental log k data for the 80 mM SC system at
pH 8 are summarized in Table 2 (correlation a). The compounds of
the set that were not included in the final correlation (because they
coeluted with the electroosmotic flow marker or were outliers) are
also detailed in the table.

Noticeable differences were observed between the coefficients
in Eq. (1) (system constants) for the 80 mM SC system characterized
at pH 8 in this work, and a 80 mM SC system characterized at pH 7
in a previous work [17]. Since literature reports that pH does not
have effect on the system constants [8], we decided to characterize
80 mM SC at pH 7, as well as, at pH 6 in order to prove if the change
of pH was or not responsible for the differences found between the
coefficients.

The characterizations of the 80 mM SC system at pH 7 and 6,
unlike the 80 mM SC system at pH 8, were carried out including the
substances 4-chlorophenol, catechol, resorcinol, hydroquinone, 2-
naphthol, and 1,2,3-trihydroxybenzene because these phenols are
totally neutral at these values of working pH. The system constants
and the statistics for the fit of the solvation parameter model to
the experimental log k data for each correlation are also shown in
Table 2 (correlations e and f).

Comparing the coefficients of the correlations a, e, and f detailed
in Table 2, it is observed that they are nearly identical for 80 mM
SC at pH 7 and 6, whereas those of the system at pH 8 are dif-
ferent. Since the only difference between the characterization
at pH 8 and at pH 7 and 6 is the fact that the substances 4-
chlorophenol, catechol, resorcinol, hydroquinone, 2-naphthol, and
1,2,3-trihydroxybenzene were not included at pH 8, it was decided
to calculate again the correlations at pH 7 and 6 without these
phenols in order to investigate if they were responsible for the dis-
crepancies between the coefficients. The results obtained are also
summarized in Table 2 (correlations b and c).

After removing these six phenols, coefficients became very simi-
lar, independently of the pH of the separation solution. According to
this fact, it is confirmed that changing the pH (after excluding ion-
ized solutes) has little influence on the selectivity, as it is reported
in the literature [8]. Taking everything into account, what is highly
remarkable is the role that 4-chlorophenol, catechol, resorcinol,
hydroquinone, 2-naphthol, and 1,2,3-trihydroxybenzene play in
these characterizations. These phenolic compounds are especially
important because they are of the few ones of the set of solutes
with a high value for the A descriptor. As a consequence, if 4-
chlorophenol, catechol, resorcinol, hydroquinone, 2-naphthol, and
1,2,3-trihydroxybenzene are not included in the characterizations,
a very narrow range of values for the A descriptor is used and
the accuracy in the determination of system constants diminishes.
In fact, it can be observed that when these phenolic compounds
are not included in the correlations, the a coefficient is approxi-
mately 50% higher than the value obtained when the more varied
set of solutes that includes them is used. Therefore, this reveals how
important is to employ a varied set of solutes that span a wide range
of descriptor values when systems are characterized by means of
the solvation parameter model.

As the compounds 4-chlorophenol, catechol, resorcinol, hydro-
quinone, 2-naphthol, and 1,2,3-trihydroxybenzene have a great
effect on the system constants, it was studied if their ionisation
degree was significant enough to include them in the correlation at

pH 8. These phenolic compounds were injected in 80 mM SC at pH
8. Afterwards, the log k values obtained for the 80 mM SC system at
pH 8 were plotted against those obtained before at pH 6 and 7 for all
the solutes of the set (Fig. 2a). According to the proved little effect
of the pH on the selectivity, good correlations should be obtained
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Table 1
Solute descriptors used in the solvation parameter model.

Solute V Abraham descriptors [18] Poole optimized descriptors [19]

E S A B E S A B

Propan-1-ol 0.5900 0.236 0.42 0.37 0.48
Propan-2-ol 0.5900 0.212 0.36 0.33 0.56
Butan-1-ol 0.7309 0.224 0.42 0.37 0.48 0.224 0.44 0.34 0.52
Pentan-1-ol 0.8718 0.219 0.42 0.37 0.48 0.219 0.44 0.34 0.52
Pentan-3-ol 0.8718 0.218 0.36 0.33 0.56 0.218 0.40 0.27 0.57
Propan-1,3-diol 0.6487 0.397 0.91 0.77 0.85
Butan-1,4-diol 0.7860 0.395 0.93 0.72 0.90
Pentan-1,5-diol 0.9305 0.388 0.95 0.72 0.91
Thiourea 0.5696 0.840 0.82 0.77 0.87
Benzene 0.7164 0.610 0.52 0.00 0.14 0.608 0.51 0.00 0.14
Toluene 0.8573 0.601 0.52 0.00 0.14 0.606 0.50 0.00 0.14
Ethylbenzene 0.9982 0.613 0.51 0.00 0.15 0.613 0.50 0.00 0.14
Propylbenzene 1.1391 0.604 0.50 0.00 0.15 0.610 0.50 0.00 0.14
Butylbenzene 1.2800 0.600 0.51 0.00 0.15 0.595 0.50 0.00 0.14
p-Xylene 0.9982 0.613 0.52 0.00 0.16 0.615 0.49 0.00 0.16
Naphthalene 1.0854 1.340 0.92 0.00 0.20 1.240 0.91 0.00 0.19
Chlorobenzene 0.8388 0.718 0.65 0.00 0.07 0.718 0.66 0.00 0.06
Bromobenzene 0.8914 0.882 0.73 0.00 0.09 0.882 0.72 0.00 0.09
Anisole 0.9160 0.708 0.75 0.00 0.29 0.712 0.77 0.00 0.31
Benzaldehyde 0.8730 0.820 1.00 0.00 0.39 0.813 1.03 0.00 0.39
Acetophenone 1.0139 0.818 1.01 0.00 0.48 0.806 1.03 0.00 0.50
Propiophenone 1.1548 0.804 0.95 0.00 0.51 0.804 1.03 0.00 0.50
Butyrophenone 1.2957 0.797 0.95 0.00 0.51 0.798 1.03 0.00 0.50
Valerophenone 1.4366 0.795 0.95 0.00 0.50 0.795 1.03 0.00 0.50
Heptanophenone 1.7184 0.720 0.95 0.00 0.50
Benzophenone 1.4808 1.447 1.50 0.00 0.50 1.224 1.33 0.00 0.58
Methyl benzoate 1.0726 0.733 0.85 0.00 0.46 0.738 0.92 0.00 0.44
Benzyl benzoate 1.6804 1.264 1.42 0.00 0.51 1.264 1.30 0.00 0.59
Benzonitrile 0.8711 0.742 1.11 0.00 0.33 0.742 1.14 0.00 0.33
Aniline 0.8162 0.955 0.96 0.26 0.50 0.955 1.00 0.25 0.43
o-Toluidine 0.9751 0.970 0.90 0.23 0.59 0.966 1.05 0.19 0.49
3-Chloroaniline 0.9390 1.050 1.10 0.30 0.36
4-Chloroaniline 0.9390 1.060 1.10 0.30 0.35 1.017 1.13 0.37 0.31
2-Nitroaniline 0.9904 1.180 1.37 0.30 0.36 1.182 1.44 0.39 0.35
3-Nitroaniline 0.9904 1.200 1.71 0.40 0.35 1.248 1.60 0.47 0.42
4-Nitroaniline 0.9904 1.220 1.91 0.42 0.38 1.236 1.83 0.60 0.34
Nitrobenzene 0.8906 0.871 1.11 0.00 0.28 0.846 1.14 0.00 0.27
2-Nitroanisole 1.0902 0.965 1.34 0.00 0.38
Benzamide 0.9728 0.990 1.50 0.49 0.67 1.258 1.34 0.65 0.66
4-Aminobenzamide 1.0726 1.340 1.94 0.80 0.94
Acetanilide 1.1137 0.870 1.36 0.46 0.69 0.960 1.12 0.53 0.71
4-Chloroacetanilide 1.2357 0.980 1.50 0.64 0.51
Phenol 0.7751 0.805 0.89 0.60 0.30 0.769 0.76 0.72 0.32
3-Methylphenol 0.9160 0.822 0.88 0.57 0.34 0.810 0.78 0.67 0.35
2,3-Dimethylphenol 1.0569 0.850 0.90 0.52 0.36 0.866 0.77 0.59 0.40
2,4-Dimethylphenol 1.0569 0.840 0.80 0.53 0.39
Thymol 1.3387 0.822 0.79 0.52 0.44
Furan 0.5363 0.369 0.53 0.00 0.13
2,3-Benzofuran 0.9053 0.888 0.83 0.00 0.15 0.921 0.77 0.00 0.19
Quinoline 1.0443 1.268 0.97 0.00 0.51 1.268 1.09 0.00 0.60
Pyrrole 0.5774 0.613 0.73 0.41 0.29
Pyrimidine 0.6342 0.606 1.00 0.00 0.65
Antipyrine 1.5502 1.320 1.50 0.00 1.48
Caffeine 1.3632 1.500 1.60 0.00 1.33 1.557 1.62 0.00 1.27
Corticosterone 2.7389 1.860 3.43 0.40 1.63
Cortisone 2.7546 1.960 3.50 0.36 1.87
Hydrocortisone 2.7975 2.030 3.49 0.71 1.90
Estradiol 2.1988 1.800 3.30 0.88 0.95
Estriol 2.2575 2.000 3.36 1.40 1.22
Monuron 1.4768 1.140 1.50 0.47 0.78
Myrcene 1.3886 0.483 0.29 0.00 0.21
�-Pinene 1.2574 0.446 0.14 0.00 0.12
Geraniol 1.4903 0.513 0.63 0.39 0.66
4-Chlorophenola 0.8975 0.915 1.08 0.67 0.20 1.016 0.79 0.89 0.21
Catechola 0.8338 0.970 1.10 0.88 0.47
Resorcinola 0.8338 0.980 1.00 1.10 0.58 0.968 0.91 1.37 0.51
Hydroquinonea 0.8338 1.000 1.00 1.16 0.60
2-Naphthola 1.1441 1.520 1.08 0.61 0.40 1.457 1.18 0.81 0.35
1,2,3-Trihydroxybenzenea 0.8925 1.165 1.35 1.35 0.62

a Phenols with pKa values between 9 and 10 and therefore susceptible to be partially ionized at pH 8.
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Fig. 2. (a) Log k values for the 80 mM SC system at pH 6 ( ) and pH 7 (©) against

the log k values at pH 8. (b) Log k values for the 80 mM SC system at pH 6 ( )
and pH 7 (©) against the log k values at pH 8, with the values for catechol and
1,2,3-trihydroxybenzene determined at pH 8 in phosphate buffer.

if these compounds are not significantly ionized. The correlations
illustrated in Fig. 2a show a good fit for all the compounds except for
the phenols catechol and 1,2,3-trihydroxybenzene, which deviate
from both correlations. However, the most probably reason for the
deviations of these two compounds is the fact that they have vicinal
diol groups in their chemical structure and the borate buffer, which
was used mixed with phosphate buffer, has a well-known ability to
complex vicinal diol groups [26,27]. In order to prove this, catechol
and 1,2,3-trihydroxybenzene were injected again in 80 mM SC at
pH 8 but in this case the aqueous buffer was prepared only with
phosphate. Plots of the log k values of the 80 mM SC system at dif-
ferent pHs were represented again including these new log k values
acquired for catechol and 1,2,3-trihydroxybenzene at pH 8. Plots
are shown in Fig. 2b. The good correlations observed in this figure
for all the compounds of the set confirm that the previously noticed
deviations of catechol and 1,2,3-trihydroxybenzene were due to the
modification of the effective mobility that both compounds experi-
ment when borate buffer interacts with their consecutive diols. The
good correlations shown in Fig. 2b also prove that 4-chlorophenol,
catechol, resorcinol, hydroquinone, 2-naphthol, and 1,2,3-
trihydroxybenzene are not significantly ionized at pH 8, since none
deviates from the values acquired at pH 7 and 6 (pH in which they
are clearly neutral). In fact, a simple calculation shows that the ion-
isation degree of these compounds in water at pH 8 is less than 5%
(except for the most acidic compound 1,2,3-trihydroxybenzene).
This degree is decreased by partition of the neutral forms of the

compounds to the pseudostationary phase. Thus, it is possible to
include them in any characterization at pH 8. For the 80 mM SC at
pH 8, system constants were calculated again including these six
phenols and the results are shown in Table 2 (correlation d).
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.2. Characterization of SC–SDC mixtures

Separation systems composed by mixtures of SC–SDC at dif-
erent concentrations were also characterized by means of the
olvation parameter model through Eq. (1) by analysis of the log k
ata of the 69 solutes selected (Table 1). Correlation equations for
ach system were calculated employing both the Abraham descrip-
ors and the Poole optimized descriptors, whose values are detailed
n Table 1, in order to check if the use of these optimized descriptors
mproves the correlation equations of the SC–SDC systems studied
n this work.

The coefficients obtained for each system and the statistics
or the fit of the solvation parameter model to the experimental
og k data when the Abraham descriptors were employed in the
egressions are summarized in Table 3. The model provides a good
tatistical fit and its interpretation is chemically reasonable. The
olutes that were not included in the correlations are detailed in the
able (all them coeluted with methanol, except for heptanophenone
hat coeluted with dodecanophenone in the 40 mM SDC system).
he coefficients obtained for the 80 mM SC and 40 mM SDC sys-
ems (only ones that are reported in the literature) are similar to
he ones obtained for other authors in similar conditions [8,17]. The
mall differences observed in some constants may come from the
ifferent solutes employed in the characterizations.

The constants for each system were also calculated employing
he Poole optimized descriptors that are available for some solutes
f the characterization set (for the rest of solutes of the set, the
braham descriptors were used). The results are summarized in
able 4.

As the correlation equation of each system was calculated with
he same group of solutes in Tables 3 and 4, the coefficients and
tatistics presented in these tables can be directly compared. For
ll the characterized systems the fit of the experimental data to the
olvation parameter model was only slightly better when the pro-
osed optimized descriptors were used. Regarding the coefficients,

t is observed that for all the systems, the values of e, b, and v are
bit higher when the Poole optimized descriptors are used in the

orrelation equations instead of the Abraham descriptors. On the
ontrary, it is observed that the s and a coefficients are a bit lower
f the characterizations are performed using the Poole optimized
escriptors. Anyway, the coefficients summarized in both tables

ead to the same chemical interpretation.
In order to illustrate more clearly that the experimental data

etter fit the model when the Poole optimized descriptors are used,
e also calculated the system constants for all the studied SC–SDC

ystems just including the solutes with available Poole optimized
escriptors. The F statistic ranged from 71 to 83 when the Abraham
escriptors were used, whereas it ranged from 144 to 197 with the
oole optimized descriptors. Regarding the standard deviation, it
anged from 0.190 to 0.212 using the Abraham descriptors, whereas
t ranged from 0.127 to 0.151 using the Poole optimized descriptors.
aking into account these statistics, a greater improvement in the fit
s observed when the Poole optimized descriptors are used instead
f the Abraham descriptors. However, we consider that interpreting
he system constants according to these regressions is not rigorous
nough, since the solutes with available Poole optimized descrip-
ors are not sufficiently representative to define all interactions (40
olutes that do not include large polar hydrogen-bonding solutes
uch as corticosteroids). Therefore, the chemical interpretation of
he characterizations will be discussed according to the regressions
alculated with the 69 solutes, i.e. using Abraham descriptors for

he 69 solutes in one hand (Table 3) and the available Poole opti-

ized descriptors for 40 solutes and Abraham descriptors for the
emaining 29 solutes on the other hand (Table 4).

As shown in Tables 3 and 4, the largest coefficients in abso-
ute value are v and b independently of the composition of SC and Ta
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Fig. 3. Plot of the increment of each coefficient depending on the molar fraction of

SDC in the mixed-micellar systems when the coefficients in Eq. (1) have been cal-
culated with: (a) the Abraham descriptors, and (b) the Poole optimized descriptors:
(♦) �e; (�) �s; (�) �a; (�) �b; (©) �v.

SDC. This means that the McGowan’s characteristic volume (V) and
the hydrogen-bond basicity (B) are the solute descriptors that con-
tribute most to retention. On the other hand, the a coefficient is
nearly zero in all the systems, which indicates that the hydrogen-
bond acceptor ability of micelles is similar to that of water and the
retention of solutes is then scarcely influenced by its hydrogen-
bond acidity (A descriptor plays a minor role). Regarding the sign
of the coefficients, in all the SC–SDC systems the e, a and v coef-
ficients are positive whereas the s and b coefficients are negative.
According to the positive sign, the partition of the solutes towards
the micellar phase is favoured by their excess molar refraction (E),
their hydrogen-bond acidity (A) and their molar volume (V). On
the contrary, since the s and b coefficients are negative, the more
dipolar and hydrogen-bond basic is a solute (high values of S and
B, respectively), the more favoured is its partition into the aqueous
phase and it becomes less retained.

In order to study the variation of the coefficients depending on
the composition of SC–SDC in the separation buffer, the increment
of each coefficient has been plotted against the composition of SDC
in the mixtures, using the coefficients of the 80 mM SC system as
a zero point. Fig. 3a shows the plot corresponding to the variation
of the system constants calculated with the Abraham descriptors
whereas Fig. 3b represents the variation of the coefficients that
were obtained employing the Poole optimized descriptors. It can
be observed that Fig. 3a and b is nearly identical, which means that
both collection of descriptors lead to the same conclusions about
the variation of the coefficients. The hydrogen-bond acidity is the

property that makes the two surfactants more different since the b
coefficient has the greatest increment, followed by the v coefficient,
which represents the hydrophobicity of the system. The increment
of the rest of coefficients is modest according to the similar nature
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f SC and SDC bile salts. From Fig. 3a and b we come to the con-
lusion that SDC is more hydrogen-bond acidic than SC (bSDC > bSC)
nd it is also a bit more hydrophobic (vSDC > vSC). However, SDC is
oderately less polarizable than SC since it is observed a smooth

ecrease of the e coefficient (eSDC < eSC). On the other hand, there
s hardly any difference in dipolarity and hydrogen-bond basicity
etween both surfactants, since a meaningful variation of its coef-
cients is not observed (sSDC ≈ sSC, aSDC ≈ aSC). This means that at
ny concentration of SC and SDC, the micellar pseudophase has the
ame capacity to take part in dipole–dipole interactions with the
olute, as well as the same hydrogen-bond basicity.

. Conclusions

It has been shown how significant is employing a suitable set of
olutes for characterizing systems by means of the solvation param-
ter model in order to obtain accurate coefficients, as well as it has
een proved that the pH of the aqueous phase does not have effect
n the studied MEKC system characterizations. Initial comparison
f the results obtained here for 80 mM SC at pH 8 and literature
esults for 80 mM SC at pH 7 showed significant differences, but we
ave demonstrated that these differences are caused by differences

n the set of solutes used, not by differences in pH. No significant
ifferences were found when the same set of non-ionized solutes
ere used for the two characterizations.

Both the Abraham descriptor values and the optimized descrip-
or values recently proposed by Poole et al. have been employed to
alculate the correlation equations of all the studied SC–SDC mix-
ures. It has been proved that both group of descriptors lead to
he same variation of coefficients depending on the composition
f SC–SDC in the systems. Although the statistics obtained are a
it better when the optimized descriptors are used, there are not
ptimized descriptor values for all the solutes of the set. For this
eason, enlarging the optimized descriptors database would be very
nteresting.
The characterizations of SC–SDC mixed-micellar phases demon-
trate that the addition of SDC to SC micelles increases the
ydrogen-bond acidity of the micellar phase and its hydropho-
icity whereas the rest of interactions are only slightly changed.
herefore, the more rich in SDC is the micellar phase, the more

[
[
[
[

[
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appropriate the system is to separate mixtures of compounds of
different hydrogen-bond basicity and size.
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