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This paper describes the modification of Chiralcel OD column properties by adsorption of (+) or (−) camphorsulfonic acids (CSAs) used
dditives to the mobile phase. The effects on retention, selectivity and efficiency, of adsorption of (+) and (−) CSAs on a Chiralcel OD colum
ere examined. Racemic anti-histamines, anti-malarial and anti-fungal drugs, namely doxylamine, miconazole, sulconazole, hy
omochlorcyclizine, methoxypheniramine, cyclopentolate and ephedrine were investigated as chiral tested compounds. All the st
ave an amino nitrogen atom in their structure. Only the enantioseparation of ephedrine enantiomers with CSAs alone was stu
ucleosil stationary phase, and these results were compared with the results obtained on the Chiralcel OD phase. A new dynamica
tationary phase, with very good enantioseparation ability towards the studied compounds, was obtained by the adsorption of (−) CSA on the
hiralcel OD column.
2005 Elsevier B.V. All rights reserved.
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. Introduction

When building a new HPLC method for direct separation
f enantiomeric drugs, it is usually preferable to use a chiral
tationary phase (CSP), due to the simplicity of operation.
here are various types of CSPs available. Among them, cel-

ulose and amylose based CSPs have been proved to be quite
ersatile[1,2]. It is generally believed that the polar ester
nd carbamate groups are the main adsorbing sites on cel-

ulose and amylose derivative columns. These groups can
nteract with a solute via hydrogen bonding, dipole–dipole
nteraction, and charge transfer complex (�–�) formation.
ooth and Wainer[3] have found that chiral recognition

∗ Corresponding author. Tel.: +48 22 343 3415; fax: +48 22 343 3333.
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seems to be a function of the fitting of the asymmetric
tion of the solute in a chiral groove or channel of the C
and that this fit has rigid steric requirements. Whateve
type of interaction involved, one always has to consider
the mobile phase additives are a dynamic part of the
tem, capable of interacting with both the enantiomers an
CSP.

The effect of the mobile phase additives may be attrib
to various possible mechanisms, for example: the add
may activate or block interaction between the solute an
stationary phase, they could interact with the solute in
mobile phase, for example to form an “ion-pair” comp
with the analyte, which may have different selectivity
interacting with the stationary phase, or the additives
dynamically generate a new stationary phase. This m
that the additives can change not only the retention o
enantiomers but also their separation.

021-9673/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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Commercially available cellulose and amylose based
columns have been successfully applied in many practical
procedures. The fact that their properties may be strongly
influenced by mobile phase additives has also been well
recognized and used to advantage in practice. However,
the mechanism of chromatographic processes occurring
on these stationary phases still remains open to discus-
sion.

Amine and acidic mobile phase additives are often used to
minimize peak broadening arising from unwanted interaction
between polar solutes and the stationary phase[4]. Ye et al.
[5,6] reported that the use of acidic and amine mobile phase
additives allows the chiral separation of underivatized amino
acids on a common amylosic column.

The small amount of water present in normal phase sys-
tems with Chiralcel OD and Chiralpak AD columns was
found to be critical and indispensable to obtain chiral sep-
aration of some drugs[7,8].

In the present paper we would like to gain an insight into
the mechanism of stationary phase action by checking how
the addition of (+) and (−) CSAs, which are very often used
as ion pair reagents to enantioseparation by crystallization,
changes the enantioseparation of basic drugs on a Chiralcel
OD column. We examined the effects of small additions of
acetic acid (AcOH), or (+) or (−) CSAs together with water
to the mobile phase, on retention, selectivity and efficiency
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tor Model 490, a 5�l loop Rheodyne type injector. Nucleosil
100 –7 (Macherey-Nagel Duren) and Chiralcel OD (Daicel)
(25 cm× 0.46 cm) columns were used.

The samples of investigated drugs were dissolved in the
mobile phase for System 0. The structural formulas of the
investigated drugs are collected inTable 1.

All the studied compounds were detected at 220 nm.
The mobile phases used for enantioseparation on the new

Chiralcel OD column were as follows: hexane and 2-propanol
(IPA) (80:20, v/v)—System 0, and with additives: water
(0.2%)—System I, water (0.2%) with acetic acid AcOH
(0.1%)—System II, and water (0.2%) with (+) or (−) CSAs
(1.2 mM)—Systems III and IV, respectively. The mobile
phase for the Nucleosil column was composed of hexane
and 2-propanol (IPA) (80:20, v/v) and additives: water
(0.2%) and (−) CSA (1.2 mM) or (−) CSA alone, without
water.

The flow rate for both columns was 0.8 ml/min. The Nucle-
osil column was stabilized by the passing of the mobile phase
solution for 3 h. The Chiralcel OD column was stabilized by
the passing of the mobile phase solution for 1 h for System
0, I and II, and for 3 h for Systems III and IV prior to the
chromatographic measurements.

To remove the additives from the Chiralcel OD column
between changes of eluent, the columns were washed exten-
sively: 1 h with hexane:IPA (80:20, v/v) for System I, 2 h with
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ow adsorption properties of the polysaccharides statio
hase may be influenced by enantiomeric additives have
eported to date.

Racemic anti-histamines, anti-malarial and anti-fun
rugs, namely doxylamine, miconazole, sulconazole,
oxyzine, homochlorcyclizine, methoxypheniramine, cy
entolate and ephedrine were investigated as chiral t
ompounds. All the studied drugs have an amino nitro
tom in their structure. In contrast, benzoin taken as the
rence substance does not possess any.

. Experimental

.1. Materials

The n-hexane was HPLC grade and the 2-prop
IPA) was of analytical reagent grade. All the ot
eagents were at least of analytical grade and were
s received. The (+) and (−) enantiomers of ephedrin
nd (+) and (−) camphorsulfonic acids (CSAs) were s
lied by Fluka (Buchs, Switzerland), the rest of the s

ed compounds were supplied by Sigma–Aldrich (Dor
K).

.2. Apparatus and procedures

Chromatographic experiments were performed usi
aters (Vienna, Austria) pump Model 590 and UV–vis de
PA for System II and 1 h with IPA and 4 h with a mixtu
f IPA:water 4:1 and then 2 h with IPA for System III a

V [9]. After the washing procedure, the performance o
hiralcel OD column was controlled with the mobile ph
s in System 0.

All chromatographic measurements were performe
mbient temperature in an air-conditioned room (23◦C).

The elution order of the enantiomers was determined
or (+) and (−) enantiomers of ephedrine because of
ack of the single enantiomers of the other studied c
ounds.

The adsorption of the CSAs on the Chiralcel OD c
mn were studied in a separate experiments. For the va
exane IPA mixtures the elution of the acids from the
mn was not observed; even for pure IPA as the eluen
etention time of both acids was longer than 180 min
btain more information about adsorption of the CSA

hat column, frontal analysis was applied in the next exp
ent. The eluent was composed of 10−2 M (+) CSA in IPA.

o avoid high pressure, the flow rate was 0.3 ml/min.
ead volume for this flow was about 15 min; the colu
breakthrough” occurs after 30 min. To control chroma
raphic parameters of the column treated in this way,

he whole chromatographic system was washed by IPA
h and then the retention of hydroxyzine and homoch
yclozine was checked in the eluent consisting of a
ne:IPA (80:20, v/v) mixture. The retention time for b
ompounds was longer than 50 min (for the newly
hased column the retention for these compounds was
hort—seeTable 3). To return to the original behavior of t
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Table 1
Structure of drugs studied

Cyclopentolate

Hydroxyzine

Doxylamine

Miconazole

Homochlorcyclizine

Sulconazole

Methoxypheniramine

Ephedrine

Benzoin

column, the washing procedure as for systems III and IV was
used.

3. Results and discussion

In our experiment we studied five different chromato-
graphic systems using the newly purchased Chiralcel OD
column and various mobile phase compositions. The results
obtained are presented inTable 2and inFigs. 1–4.

F
u
(
w
(
I

ig. 1. Chromatograms of hydroxyzine obtained on Chiracel OD col-
mn with various mobile phase composition. Mobile phase hexane:IPA
80:20, v/v)—System 0 and with additives: water (0.2%)—System I,
ater (0.2%) with AcOH (0.1%)—System II, water (0.2%) with (+) CSA

1.2 mM)—System III and water (0.2%) with (−) CSAs (1.2 mM)—System
V.
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Table 2
Chromatographic parameters of the investigated compounds depending on the composition of the mobile phase

Compound System 0 (20% IPA) System I (20%
IPA + H2O)

System II (20%
IPA + H2O and
AcOH)

System III (20%
IPA + H2O and
(+) CSA)

System IVA (20%
IPA + H2O (−)
CSA)

System IVB (20%
IPA + H2O (−)
CSA)

k1 (α) k2 (Rs) k1 (α) k2 (Rs) k1 (α) k2 (Rs) k1 (α) k2 (Rs) k1 (α) k2 (Rs) k1 (α) k2 (Rs)

Cyclopentolate 0.7 (1.00) 0.7 0.5 (1.20) 0.6 (0.4) 0.9 (1.22) 1.1 (0.4) 3.1 (1.33) 4.1 (1.4) 3.6 (1.61) 5.8 (2.4)
Hydroxyzine 0.8 (1.20) 1.0 (1.1) 0.6 (1.25) 0.8 (1.3) 0.7 (1.40) 0.9 (1.9) 5.9 (1.00) 5.9 5.1 (1.08) 5.4 (0.4) 4.7 (1.09) 5.2 (0.4)
Doxylamine 0.4 (1.13) 0.5 (0.5) 0.4 (1.31) 0.6 (0.6) 0.65 (1.08) 0.7 (0.3) 23.6 (1.07) 25.3 (0.4) 16.3 (1.30) 21.1 (1.7)
Miconazole 2.8 (1.06) 3.0 (0.5) 2.2 (1.07) 2.4 (0.5) 2.2 (1.11) 2.5 (1.1) 6.1 (1.04) 6.4 (0.4) 7.0 (1.25) 8.8 (1.9) 6.7 (1.24) 8.3 (2.08)
Homochlorcyclozine 0.3 (1.00) 0.3 0.2 (1.22) 0.3 (0.5) 0.7 (1.24) 0.8 (0.7) 6.0 (1.12) 6.7 (0.7) 6.4 (1.13) 7.2 (0.6) 6.4 (1.12) 7.1 (0.6)
Sulconazole 6.1 (1.31) 8.0 (3.2) 5.2 (1.23) 6.4 (2.4) 5.2 (1.24) 6.4 (2.7) 7.8 (1.06) 8.3 (0.5) 9.1 (1.19) 10.8 (1.6) 7.9 (1.19) 9.4 (1.6)
Methoxypheniramine 0.5 (1.21) 0.6 (0.7) 0.4 (1.19) 0.5 (0.6) 0.7 (1.00) 0.7 1.9 (1.13) 2.2 (1.1) 2.5 (1.20) 3.0 (1.7) 2.4 (1.19) 2.9 (1.6)
Ephedrine 0.8 (1.32) 1.0 (0.8) 0.6 (1.27) 0.8 (0.8) 0.7 (1.08) 0.7 (0.3) 1.4 (1.24) 1.7 (1.7) 1.6 (2.18) 3.4 (6.3) 1.5 (2.15) 3.2 (6.1)
Benzoin 1.5 (1.52) 2.3 (5.1) 1.3 (1.55) 2.1 (5.1) 1.3 (1.55) 2.1 (5.1) 1.3 (1.6) 2.2 (5.1) 1.3 (1.55) 2.1 (5.1) 1.3 (1.55) 2.1 (5.1)

Chromatographic conditions: column Chiracel OD; flow rate 0.8 ml/min, detection 220 nm; mobile phase: hexane:IPA (80:20, v/v) System 0 and with additives: System I—0.2% water; System II—0.2% water
and 0.1% AcOH; System III—0.2% water and (+) CSA; System IV—0.2% water and (−) CSA. (A) the first experiment and (B) experiment repeated after washing procedure.

ig
.

2
.

C
h
ro

m
a
to

g
ra

m
s

o
f

m
ico

n
a
zo

le
o
b
ta

in
e
d

o
n

C
h
ira

ce
l

O
D

co
l-

u
m

n
w

ith
va

rio
u
s

m
o
b
ile

p
h
a
se

co
m

p
o
sitio

n
.

M
o
b
ile

p
h
a
se

h
exa

n
e
:IP

A
(8

0
:2

0
,

v/v)
S

yste
m

0
a
n
d

w
ith

a
d
d
itive

s:
w

a
te

r
(0

.2
g)

S
yste

m
I,

w
a
te

r
(0

.2
g)

w
ith

A
cO

H
(0

.1
g)

S
yste

m
II,

w
a
te

r
(0

.2
g)

w
ith

(x)
C

S
A

(1
.2

m
M

)
S

yste
m

IIIa
n
d

w
a
te

r(0
.2

g)w
ith

(
−

)C
S

A
s

(1.2
m

M
)—

S
ystem

IV.

3
.1

.
M

o
b
ile

p
h
a
se

e
ffe

cto
n

th
e

re
te

n
tio

n
,

e
n
a
n
tio

se
le

ctivity
a
n
d

e
fficie

n
cy

o
b
ta

in
e
d

o
n

th
e

C
h
ira

lce
lO

D
co

lu
m

n

F
orthe

reference
com

pound,benzoin,the
retention,enan-

tioselectivity
and

efficiency
ofthe

colum
n

w
as

notdependent
on

the
m

obile
phase

com
position,see

Table
2.T

he
results

for
the

other
studied

substances
depending

on
the

m
obile

phase
com

position
are

discussed
below

.



A. Bielejewska et al. / J. Chromatogr. A 1083 (2005) 133–140 137

Fig. 3. Chromatograms of methoxypheniramine obtained on Chiracel OD
column with various mobile phase composition. Mobile phase hexane:IPA
(80:20, v/v)—System 0 and with additives: water (0.2%)—System I,
water (0.2%) with AcOH (0.1%)—System II, water (0.2%) with (+) CSA
(1.2 mM)—System III and water (0.2%) with (−) CSAs (1.2 mM)—System
IV.

3.1.1. System 0, without additives
The retention time of about 30 min was obtained for sul-

conazole, the retention of miconazole was about 15 min. The
retention times for the other studied compounds were very
short, near dead volume.

A very nice separation of sulconazole enantiomers was
obtained in System 0. For hydroxyzine, doxylamine, micona-
zole, methoxypheniramine and ephedrine, recognition of the
enantiomers can be observed but separation was rather poor.

Fig. 4. Chromatograms of sulconazole obtained on Chiracel OD col-
umn with various mobile phase composition. Mobile phase hexane:IPA
(80:20, v/v)—System 0 and with additives: water (0.2%)—System I,
water (0.2%) with AcOH (0.1%)—System II, water (0.2%) with (+) CSA
(1.2 mM)—System III and water (0.2%) with (−) CSAs (1.2 mM)—System
IV.

There was no separation for cyclopentolate and homochlor-
cyclizine.

3.1.2. System I with water
Addition of water did not significantly change the reten-

tion time of most of the studied compounds. A small reduc-
tion of the retention time was observed for sulconazole and
miconazole. The addition of water changed the enantioselec-
tivity of sulconazole from 1.31 to 1.23 but good separation
with Rs 2.4 was still obtained. Better separation than in Sys-
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tem 0 was obtained for cyclopentolate, hydroxyzine, doxyl-
amine and homochlorcyclizine. The recognition of enan-
tiomers of miconazole, methoxypheniramine and ephedrine
was very similar to that of System 0.

3.1.3. System II with acetic acid
For the system with acetic acid, a small increase of

retention was observed for cyclopentolate, doxylamine,
homochlorcyclizine and methoxypheniramine. The reten-
tion of sulconazole and miconazole stayed the same as was
the case in System I. The addition of AcOH improved the
enantioseparation of hydroxyzine and miconazole. For sul-
conazole, cyclopentolate and homochlorocyclozine the sep-
aration was very similar as in System I. For doxylamine
and ephedrine separation was worse than in System I. For
methoxypheniramine there was no separation.

3.1.4. Systems III and IV with camphorsulfonic acids
In these systems an increase of retention was observed for

all of the studied compounds. Comparing the retention of the
studied compounds in the system with (+) and (−) CSAs, it
can be seen that for (−) CSA longer retention was obtained
for most of the studied compounds, retention was shorter only
for hydroxyzine and doxylamine.

After addition of (+) CSA to the mobile phase good sep-
aration was obtained only for cyclopentolate. For ephedrine,
m nan-
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improved or decreased the enantioseparation compared to
System I with water alone.

It is worth noting that for the very similar enantiselectivity
(α) obtained in Systems I and III or IV much better resolution
(Rs) was obtained in Systems III and IV than in System I
(see results for doxylamine, methoxypheniramine—System
IV and ephedrine, cyclopentolate—System III).

3.2. Memory of the column

The memory effect of the mobile phase additives on
polysaccharide stationary phase is known[10]. In our exper-
iment we wanted to check what happens after removing the
(−) CSA from the mobile phase. After repetitive results were
obtained in System IV, the eluent consisting of hexane:IPA
80:20 (v/v) was used. The chromatograms for ephedrine
enantiomers obtained on the Chiralcel OD column, with (−)
CSA in the mobile phase and after removing the (−) CSA
from the mobile phase, are presented inFig. 5A and B.
Additionally the influence of water on the results obtained
on dynamically generated new chiral phase was also stud-
ied (compare chromatograms inFig. 5B and C). For the
separation of ephedrine enantiomers on the dynamically gen-
erated Chiralcel OD by (−) CSA, better results were obtained
for eluent with 0.2% water than without water. The results
obtained on the dynamically generated new chiral station-
a tivity
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c

H
a OD
c with
t dure,
s

for-
m with
t eturn
t t for
a rine
a orp-
t sults
o

of
t
d ash-
i nary
p i-
t very
s

3

ion
p with
( The
c mers
ethoxypheniramine and homochlorocyclozine the e
ioseparation was very similar or worse than in System
he Rs values were higher than in System I. For doxylam
iconazole and sulconazole, separation was worse th
ystem I, and for hydroxyzine there was no separation.
For the studied compounds, the best results were obt

n the system with (−) CSA. In this system only th
nantiomers of hydroxyzine and homochlorcyclizine w
eparated very poorly. The rest of the studied compo
isplayed very good enantioseparation in this system,
s>1.5. However, the separation of sulconazole was b

n Systems 0, I and II.
Summing up the results obtained in Systems III and

ne can see that the data obtained for the Chiralcel OD
mn modified by (+) and (−) CSA differ significantly. Longe
etention and better enantioselectivity was achieved for−)
SA. The two CSAs as enantiomers can be adsorbed

erently at the chiral polysaccharide stationary phase. T
ore, it seems that the interaction between adsorbed
nd basic compounds can act in synergy with or in opp

ion to the enantioseparation obtained on the polysacch
hase.

The results show that the enantioselectivity of the
cids could influence the effective enantioselectivity of
ystem in various ways: (1) both acids may improve
nantioseparation (see results for cyclopentolate), (2)
cids may decrease the enantioseparation; this situatio
bserved for hydroxyzine, homochlorocyclozine and
onazole, and (3) for some compounds, one of the C
id not change the enantioselectivity and the second
ry phase were very stable. The retention time, selec
nd resolution controlled during 8 h did not change (com
hromatograms 1 and 2 inFig. 5B and C).

To obtain information on how the addition of water, AcO
nd CSAs influences the performance of the Chiralcel
olumn, the chromatographic parameters were checked
he mobile phase as in System 0 after the washing proce
ee results inTable 3.

The addition of water and AcOH did not affect the per
ance of the column. Unfortunately, the column used

he CSAs, as the additives to the mobile phase did not r
o pre-additive behavior even after extensive washing. No
ll but for some of the compounds, especially for ephed
nd homochlorcyclizine, the results obtained after ads

ion and desorption of CSAs were not the same as the re
btained on the newly purchased Chiralcel OD column.

To control reproducibility of the separation ability
he Chiralcel OD column after adsorption of (−) CSA the
ynamic generation of the column together with the w

ng procedure was repeated twice. The new chiral statio
hase obtained by adsorption of (−) CSA had very repet

ive parameters. In both cases the obtained results were
imilar, seeTable 2Systems IVA and B.

.3. (−) Camphorsulfonic acids on Nucleosil column

To obtain more information about the chiral discriminat
roperties of the CSAs alone, additional experiments
−) CSA adsorbed on a Nucleosil column were studied.
omparison of the results obtained for ephedrine enantio
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Fig. 5. Comparison of ephedrine enantiomer separation obtained for System IV and after removing (−) CSA from the mobile phase. (A) System IV hexane:IPA
(80:20, v/v) with 0.2% water and (−) CSA (1.2 mM). (B) After removing CSA from the mobile phase eluent: hexane:IPA (80:20, v/v). (C) After removing
CSA from the mobile phase eluent: hexane:IPA (80:20, v/v) with 0.2% water. (B and C) Experiments after removing (−) CSA from the mobile phase without
washing procedure: (1) indicates the first chromatogram obtained after changing the mobile phase and (2) the chromatogram obtained after 8 h.

on the Nucleosil and Chiralcel OD columns is presented in
Table 4.

From a separate experiment we know that both the CSA
are strongly adsorbed at the Chiralcel OD phase. The strong
adsorption of the CSA on hydrophilic stationary phases is also
confirmed by the memory of the Chiralcel OD and Nucleosil
column (see the results inTable 4after removing (−) CSA
from the mobile phase).

The elution order for ephedrine enantiomers for (−) CSA
for the Nucleosil column is opposite to that for the Chiralcel
OD column. For the Nucleosil dynamically generated by (−)
CSA, the (+) ephedrine was eluted as the first, while for the
Chiralcel OD modified by (−) CSA, the (−) ephedrine was
eluted as the first. Moreover, the elution order of ephedrine
enantiomers on Chiralcel OD was the same for (−) and (+)
CSA, which suggests the dominating role of the polysaccha-

Table 3
Parameters of the Chiracel OD described by retention factor, selectivity and resolution obtained after washing procedure (see Section2) for selected compounds

Compound 20% IPA System 0 20% IPA after System I 20% IPA after System II 20% IPA after System IV

k1 (α) k2 (Rs) k1 (α) k2 (Rs) k1 (α) k2 (Rs) k1 (α) k2 (Rs)

Benzoin 1.5 (1.52) 2.3 (5.1) 1.5 (1.52) 2.3 (5.1) 1.5 (1.52) 2.3 (5.1) 1.5 (1.52) 2.3 (5.1)
Sulconazole 6.1 (1.31) 8.0 (3.2) 6.1 (1.31) 8.0 (3.2) 6.1 (1.30) 7.9 (3.2) 6.1 (1.30) 7.9 (3.2)
Hydroxizine 0.8 (1.20) 1.0 (1.1) 0.8 (1.20) 1.0 (1.1) 0.8 (1.20) 1.0 (1.1) 1.0 (1.16) 1.2 (0.8)
Homochlorcyclozine 0.3 (1.00) 0.3 0.3 (1.00) 0.3 0.3 (1.00) 0.3 1.2 (1.7) 2.1 (1.7)
Ephedrine 0.8 (1.32) 1.0 (0.8) 0.8 (1.32) 1.0 (0.8) 0.8 (1.32) 1.0 (0.8) 2.7 (1.11) 3.0 (0.4)

Chromatographic conditions: column Chiracel OD; flow rate 0.8 ml/min, detection 220 nm; mobile phase: hexane:IPA (80:20, v/v).
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Table 4
Chromatographic condition for ephedrine enantiomers obtained on Chiracel OD and Nucleosil columns with various mobile phase composition

Mobile phase composition Nucleosil Chiracel OD

First eluted enantiomer k1 α k2 First eluted enantiomer k1 α k2

20% IPA + (−) CSA (+) 22.5 1.06 23.8 (−) 1.8 1.87 3.3
20% IPA + 0.2% H2O + (−) CSA (+) 14.8 1.06 15.5 (−) 1.6 2.18 3.4
20% IPA + 0.2%H2Oa (+) 15.1 1.05 15.8 (−) 1.7 2.25 3.7
20% IPA + 0.2% H2O + (+) CSA (−) 1.4 1.24 1.7

a After removing (−) CSA from the mobile phase.

ride phase (the elution order is compatible with the elution
obtained in System 0).

4. Summary

Small amounts of additives to the mobile phase could be a
dynamic part of the system, which changes retention, selec-
tivity, and efficiency of the column. Additives can promote or
destroy the chiral recognition of the solute depending on their
nature. For the studied compounds an amino nitrogen atom
in the structure seems to be very important for changes of the
chromatographic parameters with the change of acidic and
water additives in the mobile phase. For the reference sub-
stance, benzoin, the chromatographic parameters are almost
the same in all the studied systems.

The polysaccharide phase is stabilized by numerous Van
der Waals contacts and hydrogen bonds[11]. Adsorption of
CSAs on polysaccharide can change the conformation of the
polysaccharide phase. The changes of enantioseparation abil-
ity caused by the adsorption of CSAs on polysaccharide may
be due to the changes of the conformation of the stationary

phase but interaction between adsorbed acids and the basic
compounds cannot be ignored.

Adsorption of (+) and (−) CSA changes the chiral prop-
erties of the Chiralcel OD column in different way. For (−)
CSA a new stationary phase, with very good enantiosepara-
tion ability towards the studied compounds, is obtained.
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