
Journal of Chromatography B, 875 (2008) 30–34

Contents lists available at ScienceDirect

Journal of Chromatography B

journa l homepage: www.e lsev ier .com/ locate /chromb

Model of CE enantioseparation systems with a mixture of chiral selectors
Part I. Theory of migration and interconversion�
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a b s t r a c t

Theory of equilibria, migration and dynamics of interconversion of a chiral analyte in electromigration
enantioseparation systems involving a mixture of chiral selectors for the chiral recognition (separation)
are proposed. The model assumes that each individual analyte–CS interaction is fast, fully independent
on other interactions and the analyte can interact with CS in 1:1 ratio and that the analyte is present in
the concentration small enough not to considerably change the concentration of free CSs. Under these
presumptions, the system behaves as there was only one chiral selector with a certain overall equilibrium
constant, overall mobility of analyte–selector complex (associate) and overall rate constant of intercon-
version in a chiral environment. We give the mathematical equations of the overall parameters. A special
interest is devoted to the dynamics of interconversion. Interconversion in systems with mixture of chi-
ral selectors is governed by two apparent rate constants of interconversion in the same way as in case
Mixture of cyclodextrins of singe-selector systems. We propose the experimental design that allows to determine rates of inter-
conversion in both chiral and achiral parts of the enantioseparation system separately. The approach is
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. Introduction

Enantioseparation methods have been widely established as an
mportant tool for analysis and/or theoretical studies of chiral com-
ounds. Besides chromatography, electromigration methods have
een found suitable for enantioselective separations [1–4]. The
nantioselective resolution is based on different affinity (interac-
ion, association, complexation) of analyte’s enantiomers to chiral
elector (CS) present in the separation system and/or different
igration velocity of such complexes [5,6]. Capillary electrophore-

is (CE) is a very versatile technique because CSs can be easily
ltered, if necessary, to achieve the required separation. Also mix-

ures of CSs can be employed either to improve separation of the
iven enantiomers [2,7–14] or because the CS is produced as a mix-
ure of isomers or derivatives with various degrees of substitution
nd various positions of substituents [1,5,15–20].

� This paper is part of the Special Issue ‘Enantioseparations’, dedicated to W.
indner, edited by B. Chankvetadze and E. Francotte.
∗ Corresponding author at: Department of Physical and Macromolecular Chem-
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Behavior of CE enantioseparation systems with a single com-
ound as CS (“single-CS” enantioseparation systems) is well
nderstood. The interaction between the analyte and the CS is sup-
osed to be fast enough to allow thermodynamic equilibrium to be
stablished in any time of separation:

i = cCS
i

c0
i
c0

CS

(1)

Ki is the equilibrium constant of the reaction between ith enan-
iomer and the CS, also called as affinity, association, binding,
omplexation, formation constant [21]. c0

i
and cCS

i
are the concen-

rations of the ith enantiomer in the free and complexed form,
espectively, c0

CS is the concentration of the free form of the CS.
he subscript i attains 1 or 2 for the 1st or the 2nd enantiomer,
espectively (for simplicity we consider a chiral compound with one
tereogenic center, thus having two enantiomers). Generally, none
f these concentrations are experimentally available, however, if
he CS is in sufficient excess, the approximation c0

CS
∼= ctot

CS can be
tot
ccepted, where cCS is an overall (total, analytical) concentration

f the CS used. Then the total concentration of an enantiomer ctot
i

n the system can be expressed as

tot
i = c0

i (1 + ctot
CS Ki) (2)

http://www.sciencedirect.com/science/journal/15700232
mailto:paveldubsky@centrum.cz
mailto:pavel.dubsky@vuos.com
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Based on Eq. (2) Wren and Rowe [22] derived the effective elec-
rophoretic mobility of the ith enantiomer, �i:

i = �0
i

+ ctot
CS Ki�

CS
i

1 + ctot
CS Ki

(3)

Here, �0
i

and �CS
i

are the mobilities of the enantiomer in the free
orm and complexed with the CS, respectively. Eq. (3) is obeyed in
ystems where a single CS interacts with the enantiomer in 1:1
atio. Measurements of �i in a wide range of CS concentrations
ave been carried out to confirm its validity [22]. Further, based on
q. (3), the equilibrium constant Ki of analyte–selector complexes
an be determined, e.g., by affinity capillary electrophoresis (ACE)
21,23].

A thermodynamic measure of the affinity to form the com-
lex is given by the difference in Gibbs energies, �Geq

i
, of the

nantiomer in the achiral environment of the free background elec-
rolyte solution and the chiral environment when complexed with
S: �Geq

i
= −RT ln Ki (R is the gas constant, T is the absolute tem-

erature and superscript eq denotes “equilibrium”).
The difference in affinities of two enantiomers to a particu-

ar CS is given by: �1,2�Geq = −RT ln K2/K1 = −RT ln ˛, where ˛ is
n “intrinsic” [5] (chromatographic) selectivity factor that need
ot have necessarily any link to experimental enantioresolution
esults in CE [6]. The apparent distribution constant is defined
s

′
i = Kic

tot
CS (4)

If the rate of interconversion of one enantiomer into the other
s comparable to the timescale of the separation, the electrophero-
ram has a particular elution profile, plateau that arises between
he two separated peaks. The height of the plateau is closely related
o the rate of interconversion. Reactive-separations have firstly
een studied in chromatography. Kellner and Giddings were the
rst who started theoretical considerations on reactive-separation

n GC and HPLC [24]. Later Bürkle et al. have proposed a scheme
or enantioselective separations in GC and HPLC [25]. The scheme
hown in Fig. 1 includes four constants of interconversion, two of
he forward and backward decay in the achiral part of the system
0
1 and k0

2, and two in the chiral part of the system, kCS
1 and kCS

2 . In
ef. [37] we have already denoted the k0

i
and kCS

i
the “local” rate

onstants since they describe the local (true, non-apparent) ther-
odynamics of interconversion in the achiral environment of the
ackground electrolyte in CE and in the chiral environment of a
S, respectively. Besides these four constants of interconversion,
he two apparent distribution constants (Eq. (4)) were defined.
he authors [25] have referred to the principle of microscopic

ig. 1. Scheme of interactions equilibria involved in the separation system with
wo enantiomers of one analyte (A1 and A2) proposed by Bürkle et al. [25] for
hromatographic enantioseparation techniques.
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ig. 2. Apparent separation-reaction scheme as arises from the true scheme (Fig. 1)
fter application of the principle of microscopic reversibility.

eversibility1 and expressed relationships among the constants:

0
1 = k0

2 (5)

′
1kCS

1 = K ′
2kCS

2 (6)

Based on Eqs. (5) and (6), the two apparent rate constants of
nterconversion are defined as

app
i

= k0
i

+ K ′
i
kCS

i

1 + K ′
i

= k0
i

+ ctot
CS Kik

CS
i

1 + ctot
CS Ki

(7)

here subscript i represents either the 1st or the 2nd enantiomer.
n this way, the originally proposed separation-reaction scheme of
our rate constants of interconversion (Fig. 1) is transformed into
simpler one considering only one bi-directional reaction – inter-

onversion of both enantiomers – regardless if actually present in
free form or in a complexed one (Fig. 2). The same simplified

cheme, which has been proposed for chromatography, is supposed
o hold for electromigration [26,27]. It has been used by the group of
churig in all their papers dealing with kinetics of interconversion
n chiral separations [28–33], and also by other authors [34–36].
n the basis of the theory of transition state, the corresponding
pparent activation parameters, i.e., apparent free activation energy
�G#,app

i
), enthalpy (�H#,app

i
) and entropy (�S#,app

i
) are given by

app
i

= �
kBT

h
exp

(
−�G#,app

i

RT

)

= �
kBT

h
exp

(
−�H#,app

i

R

1
T

+ �S#,app
i

R

)
(8)

By plotting ln(kapp
i

/T) versus 1/T the linear Eyring relation is

btained, the slope of which is equal to −(�H#,app
i

/R) and the

ntercept equals −ln(h/kB�) + (�S#,app
i

/R). Here, kB and h are the
oltzmann and Planck constants, respectively, and � is the trans-
ission factor (� = 0.5 is considered for the reversible first order

eaction of interconversion) [34,35].
Unfortunately, the information on the four local rate constants

or both enantiomers in the chiral and achiral environments is

nherently lost in the simplified “apparent” scheme. In order to
vercome this problem, we recently proposed the novel approach
llowing all the four rate constants of interconversion to be deter-
ined [37]. We showed that the numerator in the definition of

1 The principle of microscopic reversibility is one of the basic principles of statis-
ical mechanics (R.C. Tolman, 1938. The Principles of Statistical Mechanics. Oxford
niversity Press, London, UK) stating that in a reversible reaction the mechanism in
ne direction is exactly the reverse of the mechanism in the opposite direction. As a
irect consequence each mechanistic step must be in equilibrium when the whole
ystem is in equilibrium. Bürkle et al. referred to this principle and expressed Eqs.
5) and (6) without further explanation. These Eqs. (5) and (6) can be derived from
kinetic equation of a reverse first order reaction of the enantiomerization in the

ame way as will be shown for multi-CS systems, Eqs. (20)–(25) in this paper.
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2 P. Dubský et al. / J. Chro

he apparent rate constant, Eq. (7), is the only kinetic parame-
er that governs interconversion and, furthermore, is the same for
oth enantiomers. We defined a new parameter, the “global” rate
onstant:

glob = k0
i + K ′

i k
CS
i = k0

i + Kic
0
CSkCS

i (9)

Due to the dependence of K ′
i
on concentration of the CS in CE, see

qs. (4) and (9), the kglob is a linear function of the parameter, where
he intercept equals the k0

1 = k0
2 and the slope K1kCS

1 = K2kCS
2 (notice

hat Ki, not K ′
i
, stays here). The kCS

i
can be obtained by the evaluation

f the distribution constant Ki, e.g., from ACE experiments [21,23].
n CE the concentration of CS can be easily varied and both the equi-
ibrium constants, K1 and K2, the respective local rate constants, k0

1,
0
2, and kCS

1 and kCS
2 , can be obtained from the dependences of effec-

ive mobilities on CS concentration, ctot
CS , or global rate constants on

S concentration in one series of measurements.
All the relations given above are obeyed in the systems with

single CS (“single-CS” enantioseparation systems). Nevertheless,
ommercially available CSs are often supplied as not well-defined
ixtures of isomers with various positions of substituents or even
ith various degrees of substitution [15–20]. Also, mixtures of CSs

re intentionally employed in order to achieve better enantiosep-
ration conditions [2,8–14]. The question arises whether the same
r a different model has to be adopted when the CS is a mixture of
ifferent chemical compounds (“multi-CS” enantioseparation sys-
ems) with different ability to form complexes (or to interact) with
he enantiomeric analytes interconverting during the separation
rocess.

Theoretically based methodology to optimize separation condi-
ions has been developed for single-CS enantioseparation systems
3,22,18,38–42]. Some quantitative approaches have been also pub-
ished describing dual-CS (namely dual-CD) systems under the
onditions that: (i) the analyte’s enantiomers interact with any
f CSs in 1:1 ratio, (ii) independent complexation occurs (i.e., no
ixed complexes are formed) and (iii) the two CS derivatives

re well-defined compounds [2,9,43–46]. Additional presumptions
hat (iv) complexation reaction between the enantiomer and any
S in the mixture is much faster than the separation – and possi-
ly interconversion – and that (v) the enantiomers are present in
concentration small enough not to considerably change the con-

entration of free CSs are not usually mentioned but should also
e considered. The proposed relationships are, however, limited to
ual-CS systems, do not describe a possible interconversion and do
ot allow making some general conclusions that will be discussed

n this paper. Moreover, as a number of CSs in the mixture is not lim-
ted in the present model, it remains valid even if the condition (iii)
s not fulfilled, i.e., not pure selectors are used or even composition
f the mixture is not exactly known.

The present paper (divided into two parts) deals with the elec-
romigration separation systems with multiple CSs. The first part
Part I) is focused on the theoretical description of the multi-CS sys-
em and its comparison with the single-CS model. The description
s based on the continuity equations model. Migration and inter-
onversion of the two enantiomers under an influence of a mixture
f CSs are considered. The approach will be examined experimen-
ally in Part II of the paper. The main goal of the Part II shall be to
xamine whether our formerly proposed “single-CS” approach to

esolve interconversion separately in both chiral and achiral envi-
onments is applicable for the multi-CS systems too. The model will
e used for computer simulation of the dynamics of on-column

nterconversion. Rate constants and thermodynamic parameters of
nterconversion will be determined.
ig. 3. Scheme of interactions equilibria involved in a separation system with two
nantiomers of one analyte (A1 and A2) and two chiral selectors (CS1 and CS2).
enerally, more than two CSs can be involved in the scheme.

. Theory

.1. Equilibria

If more than one CS is present in the enatioseparation system,
he separation-reaction scheme originally proposed by Bürkle et al.
25] for one CS have to be modified, as shown in Fig. 3.

The presumptions of the model that we shall consider are:

(i) Complexation (association) reaction between the enantiomer
and any of the CSs is much faster than separation and intercon-
version. This ensures that Eq. (10) remains continuously valid
in the separation process regardless of the actual interconver-
sion:

Kq
i

= cq
i

c0
i
c0

q

(10)

Kq
i

is the equilibrium constant of the reaction between ith
enantiomer and qth CS. c0

i
and cq

i
are concentrations of the ith

enantiomer in the free and complexed form, respectively, c0
q is

the concentration of the free form of the qth CS. The subscript
i attains 1 or 2, for the 1st or the 2nd enantiomer, respectively.

(ii) The analyte is present in a much lower concentration when
compared to the concentration of CSs, so the concentration
c0

q of the free form of the CS can be approximated by its total
concentration ctot

q :

c0
q

∼= ctot
q (11)

iii) All analyte–CS interactions are considered in 1:1 ratio and fully
independent on other interactions (i.e., no mixed complexes
are formed).

As follows from Eq. (10), cq
i

= c0
i
Kq

i
c0

q , and

tot
i = c0

i +
∑

q

cq
i

(12)

Then Eq. (12) can be modified:

q 0 q 0 ∼ 0 q tot
c
i

= c
i
K

i
cq = c

i
K

i
cq

ctot
i

∼= c0
i

(
1 +
∑

q

Kq
i

ctot
q

)
(13)
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The total concentration of the qth CS, ctot
q , can be expressed as

tot
q = ctot

CS �q (14)

here ctot
CS is the analytical concentration of a mixture of all CSs and

q is the molar fraction of the qth CS in the mixture. Consequently,

tot
i = c0

i

(
1 + ctot

CS

∑
q

Kq
i

�q

)
(15)

Comparing Eq. (15) with Eq. (2), the later being defined for the
ingle-CS separation system, allows us to define the “overall” equi-
ibrium constant Kover

i

over
i =

∑
q

Kq
i

�q (16)

.2. Electrophoretic movement

When considering assumptions (i) to (iii) and, further, the
onstant electric field in the separation channel, the continuity
quation governing electrophoretic movement can be formulated
s

∂ctot
i

∂t
= −v0

i

∂c0
i

∂x
−
∑

q

vq
i

∂cq
i

∂x
= −

(
v0

i + ctot
CS

∑
q

vq
i
Kq

i
�q

)
∂c0

i

∂x
(17)

here v0
i

and vq
i

are velocities of the free and complexed forms of
he ith enantiomer, respectively. Inserting Eqs. (15) and (16) gives

∂ctot
i

∂t
= −

v0
i

+ ctot
CS

∑
qvq

i
Kq

i
�q

1 + ctot
CS Kover

i

∂ctot
i

∂x
(18)

hich enables us to express the effective mobility �i of the enan-
iomer as

i =
�0

i
+ ctot

CS

∑
q�q

i
Kq

i
�q

1 + ctot
CS Kover

i

= �0
i

+ ctot
CS Kover

i
�over

i

1 + ctot
CS Kover

i

(19)

here �0
i

and �q
i

are the mobilities of the free and com-
lexed forms, respectively, of the enantiomer. A term �over

i
=∑

q�q
i
Kq

i
�q/Kover

i

)
can be regarded as the overall mobility of the

th enantiomer when completely complexed with the entire mix-
ure of CSs. Eq. (19) is formally identical with that proposed for
ingle-CS systems (3) so, similarly, a series of determination of the
ffective mobilities �i in systems with various concentration ctot

CS
f the mixture of CSs allows us to evaluate important parameters
f both enantiomers: (i) the mobility �0

i
of the free form (in fact,

0
1 = �0

2), (ii) the overall mobility �over
i

of the enantiomers when
omplexed with a mixture of CSs, and (iii) Kover

i
, the overall equi-

ibrium constant. There is no way how to resolve mobilities �q
i

and
quilibrium constants Kq

i
of individual enantiomers. On the other

and, Eq. (19) allows us to predict behavior of analyte’s enantiomers
n multi-CS separation systems when using a mixture of CSs with
known composition.

In three special cases the overall mobility �over
i

in multi-CS

nantioseparation system obtains a simple meaning: (i) If all mobil-
ties �q

i
of the enantiomer complexed with any CS are the same, the

verall mobility equals them, �over
i

= �q
i
, (ii) if all equilibrium con-

tants Kq
i

are the same, then Kover
i

= Kq
i

and the overall mobility is
weighed sum of the individual mobilities, �over

i
=
∑

q�q�q
i
, and

iii) similarly to single-CS systems, the overall mobility approaches
he effective mobility of an enantiomer when ctot

CS tends to infinity.

t
s
e
m

k

r. B 875 (2008) 30–34 33

.3. Kinetics and thermodynamics of interconversion

The kinetic term of continuity equation for the ith and jth enan-
iomer is as follows:

∂ctot
i

∂t
= −k0

i c0
i −
∑

q

kq
i
cq

i
+ k0

j c0
j +
∑

q

kq
j
cq

j

= −
(

k0
i + ctot

CS

∑
q

kq
i
Kq

i
�q

)
c0

i +
(

k0
j + ctot

CS

∑
q

kq
j
Kq

j
�q

)
c0

j

(20)

Using Eq. (13) we obtain

∂ctot
i

∂t
= −

k0
i

+ ctot
CS

∑
qkq

i
Kq

i
�q

1 + ctot
CS Kover

i

ctot
i +

k0
j

+ ctot
CS

∑
qkq

j
Kq

j
�q

1 + ctot
CS Kover

j

ctot
j

= −kapp
i

ctot
i + kapp

j
ctot

j (21)

here the apparent rate constants are defined as

app
i

=
k0

i
+ ctot

CS

∑
qkq

i
Kq

i
�q

1 + ctot
CS Kover

i

= k0
i

+ ctot
CS Kover

i
kover

i

1 + ctot
CS Kover

i

(22)

Comparison of Eqs. (22) and (7) defined for single-CS systems
hows that, analogously, the interconversion of enantiomers in
ulti-CS system is described in the same way as there was only

ne CS with

over
i =

∑
qkq

i
Kq

i
�q

Kover
i

(23)

eing the overall rate constant of interconversion in the chiral envi-
onment of a mixture of CSs. In contrast to single-CS systems, the
verall rate constant is not a true (intrinsic) rate constant but rather
hould be considered as a limit apparent rate constant, kapp

i
, when

concentration of CSs mixture approaches infinity. Similarly to the
verall mobility (Eq. (19)): (i) the overall rate constant becomes
he true rate constant if all rate constants of interconversion kq

i
of

he enantiomer complexed with any CS are the same, kover
i

= kq
i
,

nd (ii) the overall rate constant is a weighed sum of the indi-
idual rate constants if all equilibrium constants Kq

i
are the same,

over
i

=
∑

q�qkq
i
.

As in the case of single-CS systems, Eq. (21) turns the “true”
cheme of interconversion of enantiomers under separation, Fig. 3,
nto the apparent one, Fig. 2.

Outside the separation system, the interconversion reaches
quilibrium at infinite time, so the time derivatives of concentra-
ions are zero. Then, considering Eq. (20) along with the equality of
ate constants in an achiral environment (k0

i
= k0

j
) and equality of

oncentrations (c0
i

= c0
j
) that should be attained in the achiral part

f the system, and realizing that
∑

qkq
i
Kq

i
�q = Kover

i
kover

i
(Eq. (23)),

t results:

0
1 = k0

2 (24)

over
1 Kover

1 = kover
2 Kover

2 (25)

Since all terms in Eqs. (24) and (25) are constants, the rela-
ionships should be obeyed universally, regardless of the actual

eparation and/or interconversion process. Eqs. (24) and (25)
xpress the principle of microscopic reversibility as valid in the
ulti-CS systems. Further, as comes out from it:

0
1 + ctot

CS Kover
1 kover

1 = k0
2 + ctot

CS Kover
2 kover

2 = kglob (26)
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In practice, most of the above parameters connected with enan-
ioseparation of interconverting enantiomers can be determined
xperimentally. The overall equilibrium constant, Kover

i
, is accessi-

le from the dependence of the effective mobility on ctot
CS (Eq. (19)).

he “global” rate constant, kglob, can be determined, e.g., by com-
uter simulation (numerical calculation of the dynamical model of
lectromigration) to get the best fit of the real and simulated elec-
ropherogram. Then, (i) the linear dependence of kglob on ctot

CS allows
s to evaluate the “achiral” rate constants k0

1 = k0
2 as the intercept,

ii) the slope, Kover
1 kover

1 = Kover
2 kover

2 , provides the overall rate con-
tants, kover

i
, after division by the corresponding Kover

i
. Resolving

ndividual rate constants kq
1 and kq

2 is impossible.
The Eyring plot of ln(k0

i
/T) vs. 1/T should be linear and provide

he “achiral” thermodynamic activation parameters, i.e., that for
he free form of the enantiomers, �G#,0

i
, �H#,0

i
, �S#,0

i
. On the

ontrary, the overall rate constant kover
i

is not a true (intrinsic) rate
onstant as it is a weighted sum of individual rate constants, see
q. (23), and thus the validity of the corresponding Eyring plot is
imited. Only certain effective “overall” activation parameters (i.e.,
ibbs energy, enthalpy and entropy) can be obtained in a certain

emperature range, while the true thermodynamic parameters of
ndividual components of the CS mixture remain unresolved. Here
t should be noticed that the apparent activation parameters com-

only determined on the basis of the “apparent” Eyring plots of
n(kapp

i
/T) vs. 1/T are not fully plausible either, as the apparent

ate constant are not the true (intrinsic) rate constants but rather
weighted sum of rate constants in the chiral and achiral environ-
ent.

. Conclusion and remarks

We introduced a model of separation of interconverting enan-
iomers in multi-CS CE enantioseparation systems. The model is
ased on three assumptions: (i) complexation reaction between the
nantiomer and any CS in the mixture is much faster than the sep-
ration and interconversion, (ii) the enantiomers are present in a
oncentration small enough not to considerably change the concen-
ration of free CSs, (iii) an analyte’s enantiomer interact with any of
Ss in 1:1 ratio and fully independently on other interactions (i.e.,
o mixed complexes are formed). Under these assumptions, the
ulti-CS enantioseparation system can be described in formally

he same way as a single-CS system.
When generalizing the single-CS enantioseparation systems to

he multi-CS, the parameters �0
i

and k0
i

related to the achiral part of
he systems remain in the model the same while those connected to
he chiral part of the system are: overall equilibrium constant Kover

i
,

verall mobility �over
i

and overall rate constant of interconversion
over
i

. Mathematical equations expressing the “overall” variables
ave been derived.

Alike in single-CS enatioseparation system, the principle of
icroscopic reversibility leads to apparent rate constants of inter-

onversion. The definition of a global rate constant allows to
istinguish between the local rate constants of interconversion in

0 over
hiral and achiral parts of the system, i.e., k
i

and k
i

, separately
as has been already described for single-CS systems in [37]). In
ontrast to single-CS systems, the overall rate constant kover

i
of inter-

onversion of enantiomers in the chiral environment of a mixture
f CSs is not a true (intrinsic) rate constant and should rather be

[

[

r. B 875 (2008) 30–34

onsidered as a limiting apparent rate constant for ctot
CS tending to

nfinity. Consequently, the validity of “overall” Eyring plots is lim-
ted and also the related “overall” activation parameters should be
onsidered as valid in a certain (experimental) temperature range
nly.
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37] P. Dubský, E. Tesařová, B. Gaš, Electrophoresis 25 (2004) 733.
38] S.G. Penn, G. Liu, E.T. Bergstrijma, D.M. Goodall, J.S. Loran, J. Chromatogr. A 680

(1994) 147.
39] Y.Y. Rawjee, D.U. Staerk, G. Vigh, J. Chromatogr. 635 (1993) 291.
40] Y.Y. Rawjee, R.L. Williams, G. Vigh, J. Chromatogr. A 652 (1993) 233.
41] S.G. Penn, D.M. Goodall, J.S. Loran, J. Chromatogr. 636 (1993) 149.
42] W.-C. Yang, A.-M. Yu, X.-D. Yu, H.-Y. Chen, Electrophoresis 22 (2001) 2025.
43] F. Lelièvre, P. Gareil, Y. Bahaddi, H. Galons, Anal. Chem. 69 (1997) 393.
249.
45] A.M. Abushoffa, M. Fillet, Ph. Hubert, J. Crommen, J. Chromatogr. A 948 (2002)

321.
46] T. Nhujak, C. Sastravaha, C. Palanuvej, A. Petsom, Electrophoresis 26 (2005)

3814.


	Model of CE enantioseparation systems with a mixture of chiral selectors
	Introduction
	Theory
	Equilibria
	Electrophoretic movement
	Kinetics and thermodynamics of interconversion

	Conclusion and remarks
	Acknowledgements
	References


