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Separation of enantiomers in capillary electrophoresis
with contactless conductivity detection
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Abstract

Contactless conductivity detection is successfully demonstrated for the enantiomeric separation of basic drugs and amino acids in capillary
electrophoresis (CE). Derivatization of the compounds or the addition of a visualization agent as for indirect optical detection schemes were not
needed. Non-charged chiral selectors were employed, hydroxypropylated cyclodextrin (CD) for the more lipophilic basic drugs and 18-crown-
6-tetracarboxylic acid (18C6H4) for the amino acids. Acidic buffer solutions based on lactic or citric acid were used. The detection limits
were determined as 0.3�M for pseudoephedrine as an example of a basic drug and were in the range from 2.5 to 20�M for the amino acids.
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. Introduction

Most pharmaceutical compounds have chiral centres and
heir effects are due to interactions with chiral biological
ompounds. Different enantiomers of the Pharmaceuticals
herefore usually have different pharmacological proper-
ies in terms of activity, toxicity, transport mechanism and
etabolic route. For this reason drugs are administered in
nantiomeric pure form. The determination of the enan-

iomeric purity of intermediates used for, and products of,
nantioselective syntheses is therefore an important analyt-

cal task. This is often carried out with separation methods
uch as HPLC or GC (see for example, the following review
1]). However, the approach is challenging as the fundamen-
al chromatographic separation mechanisms are not adequate
or distinction between enantiomers because their physical
nd chemical properties are too similar. Therefore, special
hiral reagents have to be bonded onto the chromatographic
olumn.

The suitability of capillary electrophoresis (CE) for enan-
iomeric separation was first demonstrated by Gassmann et

al. [2], and this approach has become an important techn
Besides the general advantages of CE, high separatio
ciency and short analysis times, the method is less costly
chromatography as the preparation of special chiral colu
is not necessary. In CE small amounts of reagents are
solved in the background electrolyte solution, which inte
with the analytes, thus modify their electrophoretic mo
ties and act as enantiomeric selectors. A range of sele
has been used, such as cyclodextrins (CDs), a chiral c
ether, macrocyclic antibiotics, polysaccarides and chira
factants. The use of CDs, introduced by Terabe[3], is the
most common approach in CE to obtain enantiomeric s
rations and a range of modified CDs have been used fo
purpose. A number of recent reviews are available (se
example,[4–8]).

In CE, UV or fluorescence detectors are most often
and commercially available. Therefore, in the enantiom
separation of non-UV absorbing compounds, such as
lamines and most amino acids, these are often measure
derivatization[9–12], or by indirect methods in which a chr
mophore is displaced by the analyte leading to peaks d
a reduction in the background absorbance[13,14]. However
∗ Corresponding author. Tel.: +41 612671003; fax: +41 61 2671013.
E-mail address:peter.hauser@unibas.ch (P.C. Hauser).

derivatization adds an additional step to the analytical pro-
cess and may also affect the interaction of the analytes with
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the chiral selector. Indirect methods generally show relatively
poor sensitivity.

Electrochemical detection techniques are a good alterna-
tive, in particular the recently developed capactively coupled
contactless conductivity detector (C4D) has a number of
advantages. The technique is universal in capillary elec-
trophoresis in that all ionic compounds can be detected with-
out derivatization or indirect approaches. Except for the elec-
trodes, no physical parts are needed, all the other components
consist of inexpensive electronic circuitry. The contactless
approach features also unprecedented ease of the cell arrange-
ment and inherent prevention of electrode fouling. Handling
of the separation capillary is facile as it is not necessary to
remove the polymeric cladding to create a detection window.
For these reasons, contactless conductivity detection has been
adopted by a number of research groups and the successful
application of this detector for organic molecules of different
classes, incuding basic drugs[15] and amino acids[15–18]
has been reported. Recent reviews on contactless conductivity
detection are available[19,20]. However, to our knowledge,
the use of C4D in chiral separations has not been previously
explored, and a study of this application is presented here.

2. Experimental
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tions. These were purchased from Polymicro Technologies
(Phoenix, AZ, USA) and were preconditioned with a 0.1 M
sodium hydroxide solution before flushing with water fol-
lowed by flushing with the running buffer. All capillaries
had a total length of 48 and 43 cm effective length. Sam-
ple injection was carried out electrokinetically at 5.0 kV
for 7 s, the separation voltage was 15 kV unless stated oth-
erwise. Standard solutions were diluted with background
electrolyte solution to ensure injection under non-stacking
conditions.

3. Results and discussion

3.1. Basic drugs

In order to explore the feasibility of using contactless con-
ductivity detection in enantiomeric separations first exper-
iments were conducted with a relatively well-established
method, the separation of basic drugs with cyclodextrins as
chiral selector. Frequently, sulfated cyclodextrins are used
for this purpose (see for example,[23,24]) and therefore the
use of such an enantiomeric selector was first investigated. It
was however found, that it was not possible to obtain a stable
baseline when including sulfated�-CD into an electrolyte
solution consisting of 20 mM lactic acid. This was ascribed
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.1. Instrumentation

Separations were carried out on an instrument, which
uilt in-house and is based on a high voltage power su
ith interchangeable polarity (CZE 2000R) from Start Sp
an (Pulborough, UK). The contactless conductivity dete

onsists of two tubular electrodes of 4 mm length sepa
y a gap of 1 mm and a Faradaic shield. Cell excitation
arried out with a sine-wave with a frequency of 100 k
nd a peak-to-peak amplitude of 450 V. The resulting
ent signal was amplified, rectified and low pass filtered

circuitry described elsewhere[21,22] before passing to
acLab/4e data acquisition system (AD Instruments,

le Hill, Australia) for recording of the electropherogram
ll electropherograms were inverted for presentation o
eaks in the normal orientation. Detection limits are repo
s the concentrations giving peak heights correspondi

hree times the baseline noise.

.2. Reagents and methods

All chemicals were of analytical reagent grade and w
btained from Fluka (Buchs, Switzerland) with the exc

ion of hydroxypropyl-�-cyclodextrin (HP-�-CD) which was
urchased from Acros (Geel, Belgium) and sulphate�-
yclodextrin (HS-�-CD), which was purchased from Aldri
Buchs, Switzerland). All solutions were degassed by u
onication and filtered through 0.2�m nylon filters before
se. Fused-silica capillaries of 10�m i.d. and 375�m
.d. were used for performing the electrophoretic sep
o the fact that at the high concentration of 1% at which
odifier has to be used, this highly charged substance le
marked increase of conductivity of the running buffer (fr
92 to 3260�S cm−1 for HS-�-CD), which is not compat
le with conductivity detection. Lower concentrations of
ulfated cyclodextrins on the other hand are not adequa
chieving enantiomeric separations. It appears that the u
yclodextrins must thus be limited to non-charged deriva
hen employing conductivity detection.
Further trials were therefore carried out with the neu

ydroxypropyl-�-cyclodextrin, the use of which had be
escribed previously for the purpose of the enantiomeric
ration of basic drugs employing optical detection (see
xample,[25,26]), and this was indeed successful. The s
ation of the enantiomers of adrenaline as an example fo
se of HP-�-CD with C4D is shown inFig. 1. The four elec

ropherograms were obtained with different concentrat
f the enantiomeric selector. As evident, the concentrati

he range from 10 to 40 mM has a strong effect on the s
ation, which is expected from the previous results repo
n the literature (see for example,[26]). Interesting is also th
ffect of the concentration on the sensitivity, which is in c

rast to results obtained with optical detection. Peak he
re smaller for the higher concentrations of the cyclo

rin. Presumably this is caused by the partial complexa
f the analyte by the selector, which lowers the sensitivi
onductometric detection. A similar effect was observed
iously for amperometric detection as well[27]. Besides th
oncentration of the chiral selector, the overall buffer c
osition also strongly influences the separation. InFig. 2, the
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Fig. 1. Influence of the concentration of HP-�-CD on the resolution ofd-
and l-adrenaline (100�M): (a) 10 mM; (b) 20 mM; (c) 30 mM; and (d)
40 mM HP-�-CD in 100 mM lactic acid, 5 mMl-histidine at pH 2.75. Cap-
illary: fused silica (48/43 cm× 10�m i.d.), separation voltage: 15 kV, and
injection: 7 s/5 kV.

effect of adding histidine to the lactic acid buffer is illus-
trated. The addition of this compound leads to an increase of
the pH-value from 2.40 to 2.75. However, the effect cannot
be completely reconciled with a rise in the pH-value alone as
an alteration of the concentration of lactic acid in the absence

Fig. 2. Influence of the pH-value and the concentration of histidine on the
r d
a ;
( 75.
O

Fig. 3. Enantiomeric separation of: (a) doxylamine using 40 mM HP-�-
CD in 100 mM lactic acid and 5 mMl-His at pH 2.75; (b) ephedrine; (c)
noradrenaline; (d) isoproterenol using 30 mM HP-�-CD in 100 mM lactic
acid with 5 mMl-His at pH 2.75; and (e) propranolol using 10 mM HP-
�-CD in 60 mM lactic acid with 7.5 mMl-His at pH 3.06. All at 100�M.
Other conditions as forFig. 1.

of histidine had a much less pronounced effect. Again, an
effect on the peak height is noted.

The optimized buffer system (lactic acid, histidine, and
HP-�-CD) was then applied to the separation of several
further basic drugs. InFig. 3, the enantiometric separation
of doxylamine, ephedrine, isoproterenol, noradrenaline, and
propanolol is shown. At the conditions employed, a good
separation of all samples could be achieved. The resolution
values,R, were determined as 1.34, 0.95, 1.21, 1.36, 0.96,
0.94 for adrenaline, doxylamine, ephedrine, isoproterenol,
noradrenaline, and propanolol, respectively.

In enantiomeric separations it is often important to accu-
rately measure the enantiomeric excess (ee). The separa-
tion of pseudoephedrine, as a further example, at enan-
tiomeric ratios of 99:1 and 1:99 is illustrated inFig. 4. The
resolution for the separation of lS,2S-(+)- and lR,2R-(−)-
pseudoephedrine was determined asR= 1.86. The quanti-
tative results for pseudoephedrine are reported inTable 1
and are showing a good accuracy. The detection limits for
the two enantiomers of pseudoephedrine were determined as
3.0× 10−7 M and 3.8× 10−7 M for the lS,2S-(+)- and lR,2R-
(−)-pseudoephedrine, respectively. Calibration curves were
linear up to at least 1.0× 10−4 M, that is over more than two
orders of magnitude, using peak areas for quantitation. The
esolution ofd- andl-adrenaline (100�M) in buffers of 100 mM lactic aci
nd various concentration ofl-His containing 30 mM HP-�-CD: (a) pH 2.4
b) 1 mM His, pH 2.5; (c) 2.5 mM His, pH 2.6; and (d) 5 mM His, pH 2.
ther condition as forFig. 1.



X.Y. Gong et al. / J. Chromatogr. A 1082 (2005) 230–234 233

Fig. 4. Enantiometric separation of lS,2S-(+)- and lR,2R-(−)-pseudoe-
phedrine at ratios of 1:99 and 99:1. Total concentration: 100�M. Buffer:
20 mM lactic acid and 20 mM HP-�-CD at pH 2.45. Other conditions as for
Fig. 1.

R-values of the regression analysis were 0.9989 and 0.9999
for the + and− forms, respectively.

3.2. Amino acids

Although enantiomers of amino acids have been separated
with cyclodextrins, the reported results appear to be limited to
species bearing a phenol group or to species which had been
labelled for UV- or fluorescence detection[8]. Our attempts
to carry out the separation of underivatized amino acids with
HP-�-CD were not successful, presumably due to unsuffi-
cient lipophilicity of the analytes. For this reason the chiral
crown ether (+)-(18-crown-6)-2,3,ll,12-tetracarboxylic acid
(I8C6H4) was adopted as chiral selector. This use of this
compound had previously been reported for the successful
separation of some amino acids[28–31]. These applications
had, however, been limited to UV-absorbing amino acids, or
necessitated analyte derivatization or undirect detection with
a chromophore added to the buffer.

The successful enantiomeric separation of six underiva-
tized amino acids using I8C6H4 and contactless conductivity
detection is illustrated inFig. 5. Note that aspartic acid is
one of the species. It was reported previously that this com-
pound could not be separated using I8C6H4 and the failure
was ascribed to electronic repulsion between the crown ether

Fig. 5. Enantiomeric separation of amino acids at 250�M using 10 mM
I8C6H4 in 25 mM citric acid at pH 2.1: (a) arginine; (b) serine; (c) threonine;
(d) methionine; (e) tryptophan; and (f) aspartic acid. Other conditions as for
Fig. 1except for serine (separation at 25 kV).

and the side chain of the amino acid[30]. Enantiomeric sep-
aration was achieved only after one of the carboxylic acids
of the amino acid was blocked by derivatization to form an
ester. However, our result indicates that the previous expla-
nation is not sufficient. A possible interaction between the
acidic part of aspartic acid and benzyl trimethyl ammonium
chloride, which had been included in the buffer for indirect
UV-detection, might have to be taken into account.

The method is not restricted to the species shown inFig. 5.
A total of nine amino acids, including examples from all
classes of these species, were investigated. The following
R-values were obtained: arginine 3.1, valine 1.2, serine 7.7,
phenylalanine 1.5, tyrosine 1.7, aspartic acid 1.1, threonine
2.3, methionine 1.1 and tryptophan 1.9. Note the particularly
strong separation of the enantiomers of serine. The reason for
this is not known. The separation was therefore successful for

T
D oephedrine

%) Ratio 1S,2S to 1R,2R 1S,2S in 1R,2R Bias (%)

Added Found

1: 99 0.0101 0.018 +80
15: 85 0.1765 0.182 +2.8
25: 75 0.300 0.320 +6.6
50: 50 1.00 0.948 −5.2
able 1
etermination of the enantiomeric ratio for lS,2S-(+)-and lR,2R-(−)-pseud

Ratio 1R,2R to 1S,2S 1R,2Rin 1S,2S Bias (

Added Found

1: 99 0.0101 0.019 +88
10: 90 0.1111 0.119 +6.8
25: 75 0.3 0.318 +6.0
50: 50 1 1.05 +5.0
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Fig. 6. Enantiomeric separation of a mixture of amino acids (2 mM) using
10 mM I8C6H4 in 10 mM citrate/Tris at pH 2.2: (1) arginine; (2) valine;
(3a and 3b) serine; (4) phenylalanine; (5) tyrosine; (6) aspartic acid. Other
condition as forFig. 1.

all species studied, and it is expected that the approach can
be extended to all amino acids. The detection limits ranged
between 2.5 and 20�M for the species examined. The con-
current enantiomeric separation of a mixture of six amino
acids is illustrated inFig. 6. Good resolution was achieved in
all cases.

4. Conclusions

Contactless conductivity detection was found suitable for
enantiomeric separations in capillary electrophoresis and to
our knowledge this is the first report on this application.
The method is particular useful for non-UV-absorbing com-
pounds as derivatization is not needed and any possible com-
plications due to dyes added for indirect optical detection
can be avoided. The enantiomeric separation of the non-
absorbing amino acids demonstrated is thus unprecedented
in its simplicity. Absorbing and non-absorbing species may
also be determined in the same run, due to the universality of
the conductometric detection method.
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