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ABSTRACT 

A displacement chromatographic method has been developed for the preparative separation of the enantiomers of ibuprofen 
using a /3-cyclodextrin silica stationary phase. The retention behavior of ibuprofen was studied in detail: the log k’ vs. polar 
organic modilier concentration, the log k’ vs. pH, the log k’ vs. buffer concentration and the log k’ vs. l/T relationships; also, the 
a vs. polar organic modifier concentration, the a vs. pH, the (I vs. buffer concentration and the log a vs. l/T relationships have 
been determined in order to find the carrier solution composition which results in maximum chiral selectivity and sufficient, but 
not excessive solute retention (1 <k’ < 30). 4-tert.-Butylcyclohexanol, a structurally similar but more retained compound than 
ibuprofen, was selected as displacer for the separation. Even with an Q value as small as 1.08, good preparative chiral separations 
were observed both in the displacement mode and in the overloaded elution mode, up to a sample load of 0.5 mg. 

INTRODUCTION 

In previous parts of this series [l-3] and a 
related paper [4], we demonstrated that prepara- 
tive liquid chromatographic separations of 
geometrical isomers, positional isomers and en- 
antiomers can be achieved in the displacement 
mode of operation using columns packed with 
commercially available P-cyclodextrin silica 
stationary phase [5,6]. Because these papers and 
the references cited therein present a detailed 
review of the characteristics and use of the /I- 
cyclodextrin silica stationary phase and the dis- 
placement chromatographic technique, the 
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reader is referred to them for an introductory 
discussion. Recent work with the displacement 
chromatographic separation of chiral compounds 
led us to a method development scheme which 
will be discussed in this paper using the non- 
steroidal anti-inflammatory agent cr-methyl-4-[Z 
methylpropyllbenzeneacetic acid, ibuprofen, as a 
model substance. The major steps of the method 
development scheme are (a) selectivity maximi- 
zation, (b) retention optimization, (c) displacer 
selection, (d) completion of the displacement 
chromatographic separation, and (e) evaluation 
of the purity of the pooled material by fraction 
analysis. 

Because the production rate in preparative 
chromatography increases dramatically with the 
value of the selectivity factor, CY [7], and because 
the (Y values for enantiomer separations on 
native /3-cyclodextrin silica are generally low 
(1.03 to 1.15) [8], selectivity optimization is the 
first and the most crucial step of any separation 
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method development scheme. In the reversed- 
phase mode, chiral ‘separations on cyclodextrin 
silicas are believed to occur due to the balanced 
concerted action of inclusion complex formation, 
hydrogen bond formation, and steric hindrance 
between the bonded cyclodextrin moiety and the 
solute [9]. These interactions -and consequent- 
ly, solute retention and separation selectivity- 
are influenced by the type and the concentration 
of the polar organic modifier in the eluent, the 
type, the concentration and the pH of the buffer, 
and the temperature of the eluent. Therefore, 
these parameters have to be investigated in 
detail in order to select chromatographic condi- 
tions which lead to maximized chiral selectivity 
and appropriate solute retention (1 < k’ < 30). 
Then a suitable displacer can be selected based 
on its relative retention vis-a-vis the more re- 
tained ibuprofen enantiomer. This is followed by 
the completion of the displacement chromato- 
graphic run, the collection and the analysis of the 
enantiomer fractions, and the calculation of the 
yield and the production rate as a function of the 
enantiomeric purity of the pooled fraction. 

EXPERIMENTAL 

The equipment used for these studies was built 
from commercially available components as de- 
scribed in refs. l-3. 5-pm /3_cyclodextrin silica, 
Cyclobond I (ASTEC, Whippany, NJ), was 
slurry-packed into 250 mm x 4.6 mm I.D. stain- 
less-steel columns (BST, Budapest, Hungary). 
The column temperature was controlled within 
rfr O.S’C using a water jacket, by a Type UF3 
circulating water bath (Science/Electronics, 
Dayton, OH, USA). 

Racemic and S( + )-ibuprofen standards were 
obtained from Aldrich (Milwaukee, WI, USA), 
along with the displacers and buffer components. 
HPLC grade methanol, acetonitrile and tetrahy- 
drofuran were purchased from J.T. Baker 
(Philipsburg, NJ, USA). Aqueous pH standards 
(pH 4 and 7) were purchased from Fisher Sci- 
entific (Fair Lawn, NJ, USA). Water was ob- 
tained from a Mini-Q unit (Millipore, Bedford, 
MA, USA). All chemicals were used as received, 
without further purification. The carrier and 

displacer solutions were freshly prepared using 
the weighing method described in Part 1 [l]. 

RESULTS 

Retention studies of ibuprofen 
Because ibuprofen is a weak acid with pK, = 

5.39 [lo], the retention of the ibuprofen enantio- 
mers -and the value of the chiral selectivity 
factor- are influenced by the type and the 
concentration of the polar organic modifier, the 
pH, the buffer concentration, the concentration 
of the tailing-reducing additive (triethylamine), 
and the temperature of the eluent. Therefore, 
the effects of all these factors were individually 
studied as described below. 

Preliminary work indicated that acetonitrile 
was a good eluent modifier for the analytical 
separation of the enantiomers of ibuprofen on 
the native P-cyclodextrin silica stationary phase 
[3,4,19]. Therefore, acetonitrile was used in the 
first phase of the selectivity studies and the 
retention studies. In order to reduce peak tail- 
ing, triethylamine (TEA) was added to every 
eluent, as usual [6]. First, the effects of the 
acetonitrile concentration were studied in 70 mM 
citrate-acetonitrile-water eluents. The apparent 
pH of the eluents was adjusted to 4.0 and 6.0, 
respectively, by adding a few ~1 of concentrated 
sodium hydroxide solution to the hydroorganic 
eluent and monitoring the pH with a combined 
glass electrode, standardized against pH 4 and 7 
aqueous pH standards [ll]. 

The k’ values of (S)-( + )-ibuprofen, the more 
strongly retained enantiomer, are shown as solid 
lines plotted against the left axis in Fig. 1. The 
retention behavior of ibuprofen is unexpected: as 
long as there is more than 20% (v/v) acetonitrile 
in the eluent, the anionic form of ibuprofen is 
more retained (in pH 6 eluents) than the free 
acid form (in pH 4 eluents); the opposite of what 
is observed on octadecyl silica stationary phases 
[12] operated in the reversed-phase mode. On 
octadecyl silicas, weak acids are more retained 
when the pH of the eluent is below the pK, 
value of the solute (i.e., the acids are not 
dissociated). However, extrapolation of the k’ 
VS. acetonitrile concentration curves to zero 
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Fig. 1. The capacity factor of (S)-( + )-ibuprofen (solid lines 
plotted against the left axis) and the chiral selectivity factor 
for the separation of the (S)-( + )- and (R)-( - )-enantiomers 
of ibuprofen (dotted lines plotted against the right axis) as a 
function of the acetonitrile concentration (%, v/v), TEA 
concentration @If), and pH of the eluent. Total citrate 
concentration: 70 mkf. Full symbols = pH 4, open symbols = 
pH 6, V = 0 mA4 TEA, 0 = 30 mM TEA. Column tempera- 
ture: 30°C. eluent flow rate: 1 mllmin. 

acetonitrile concentration shows that there the 
neutral form of the weak acid solute is more 
retained than its dissociated form, in agreement 
with our previous findings in HPLC [13] and 
capillary electrophoresis [14]. The slope of the 
log k’ vs. % (v/v) acetonitrile curve is lower at 
pH 6 than at pH 4, indicating that the inter- 
molecular interactions between the anion and 
the j3-cyclodextrin are weakened by the polar 
organic modifier to a lesser degree than those 
which exist between the non-dissociated weak 
acid and the P-cyclodextrin. Therefore, ibupro- 
fen separations which utilize a higher pH eluent 
are more rugged and less sensitive to slight 
variations in the concentration of the polar 
organic modifier of the eluent than those which 
use a low pH eluent. This behavior is clearly an 
asset for preparative separations. 

The chit-al selectivity ((Y) values which were 
observed for the ibuprofen enantiomers are 
shown as dotted lines plotted against the right 
axis of Fig. 1. At pH 6, the chiral selectivity 
values are much higher than at pH 4, and they 
do not vary with the acetonitrile concentration in 
the range tested, as they do at pH 4. This 
behavior permits the control of solute retention 
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over a broad range of k’, without a concomitant 
loss of chiral selectivity, by changing the acetoni- 
trile concentration of the eluent. 

Triethylamine (TEA) is a widely used masking 
agent in &cyclodextrin silica-based separations 
[6,15,16,19]. Therefore, the influence of the 
TEA concentration on the separation of ibu- 
profen enantiomers was studied as well. Increas- 
ing amounts of TEA were added to the 70 mM 
citrate-acetonitrile-water eluents to produce 5, 
10 and 30 mA4 TEA concentrations. The final 
pH of the eluents was adjusted by adding a few 
~1 of a concentrated sodium hydroxide solution, 
as before. It can be seen in Fig. 1 that as the 
TEA concentration is increased from 0 mM 
(triangle symbols) to 30 mM (square symbols), 
the k’ values of the solutes, whether almost 
neutral (ibuprofen at pH 4), or anionic (ibu- 
profen at pH 6), remain more or less unchanged, 
both at high and low pH values, and in both the 
acetonitrile rich and the acetonitrile poor 
eluents. However, the peak shape improves as 
the TEA concentration is increased from 0 
through 5 mM to 10 mM. No further improve- 
ment is seen when the concentration is raised to 
30 mM. Selectivity remains the same, both at 
low pH and at high pH, as the TEA concen- 
tration is changed from 0 m&f (triangle symbols) 
to 30 rnM (square symbols). However, as dis- 
cussed above, peak shape is better when the 
TEA concentration of the eluent is 10 mM or 
higher. Therefore, unless stated otherwise, the 
eluents always contained 10 mM TEA in the rest 
of the experiments. 

In order to investigate briefly the effects of the 
type of buffer anion on the selectivity, citrate 
was replaced with acetate. The shape of the cr vs. 
% (v/v) acetonitrile concentration curve ob- 
tained was similar to the one in Fig. 1 [4]. 
However, the pH of the eluent had to be 
increased to pH 6.8 to obtain selectivities com- 
parable to those shown in Fig. 1. As neither the 
buffer capacity of the eluent nor the long-term 
stability of the column are as good at this higher 
pH with acetate as the buffer anion as at pH 6 
with citrate as the buffer anion, all further 
studies were carried out with the citrate buffer. 

The observations summarized in Fig. 1 for the 
weakly acidic ibuprofen solute are very impor- 
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tant, because they indicate that (i) when the 
eluent pH is sufficiently higher than the pK, 
value of the chiral weak acid (e.g. one or more 
pH units), k’ can be varied over almost two 
orders of magnitude, without sacrificing the 
chiral selectivity of the system, by simply varying 
the concentration of the organic modifier, and 
(ii) higher (Y values can be achieved at the higher 
pH values where the solubilities (a prime consid- 
eration in preparative separations) of the weak 
acids are higher due to their ionic nature. 

Because ibuprofen is mostly anionic at pH 6, it 
could be expected that solute retention, and 
perhaps chiral selectivity, would be influenced by 
the concentration of the buffer anion. Therefore, 
the analytical citrate concentration was 
systematically varied using 30% (v/v) acetonitrile: 
water eluents, while the apparent pH was main- 
tained at 6.0. The log k’ values of the more 
retained enantiomer, (S)-( + )-ibuprofen (solid 
line), are plotted on the left axis in Fig. 2, as a 
function of the logarithm of the analytical citrate 
concentration. 

Over the range studied, the retention of non- 
charged solutes, e.g. that of the 4-tert.- 
butylphenol increases very slightly (results not 
shown), reminiscent of a weak salting-out effect 
in ordinary reversed-phase HPLC [17], but that 

Fig. 2. The capacity factor of (S)-( + )-ibuprofen (solid line 
plotted against the left axis) and the chiral selectivity factor 
for the separation of the (S)-( + )- and (R)-( - )-enantiomers 
of ibuprofen (dotted line plotted against the right axis) as a 
function of the analytical citrate concentration (M) of the 
eluent. Eluent: 30 % (v/v) acetonitrile, 10 m&f TEA, pH 6. 
Symbols: + = k’ of (S)-( + )-ibuprofen, X = a values. Other 
conditions as in Fig. 1. 

of the anionic ibuprofen decreases by almost an 
order of magnitude as the citrate concentration is 
varied from 0.5 mM to 10 mA4. Chiral selectivity 
(dotted line), plotted on the right axis in Fig. 2, 
on the other hand, does not decrease with the 
citrate concentration. Thus, the concentration of 
the buffer anion is a powerful variable for the 
control of the separation of anionic chiral sol- 
utes: it can be used to greatly vary solute 
retention without compromising chiral selectivi- 

ty* 
It could be expected that on native p- 

cyclodextrin silicas -as in ordinary reversed- 
phase chromatography- the type and the con- 
centration of the polar organic modifier in the 
eluent would also influence solute retention and 
chiral selectivity. Therefore, a series of common 
water-miscible organic solvents were tested as 
eluent components [ 191. The concentration 
ranges studied were selected such that the k’ 
values for the more retained (S)-( + )-ibuprofen 
enantiomer fell between 1 and 30. Once again, 
the observed k’ and (Y values are plotted against 
the left and right axes of Fig. 3, respectively. 

It can be seen in Fig. 3 that the elution 
strengths of the various organic solvents parallel 
their usual reversed-phase behavior: the slopes 
of the log k’ VS. % (v/v) modifier concentration 
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Fig. 3. The capacity factor of (S)-( + )-ibuprofen (solid lines 
plotted against the left axis) and the chiral selectivity factor 
for the separation of the (S)-( + )- and (R)-( - )-enantiomers 
of ibuprofen (dotted lines plotted against the right axis) as a 
function of the organic modifier concentration (%, v/v) of 
the eluent. Total citrate concentration: 5 mM, TEA concen- 
tration 5 mM, pH 6.8, temperature: 25°C. Symbols: + = 
methanol, x = acetonitrile, W = tetrahydrofuran. 
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lines of the various solvents are similar, indicat- 
ing that similar retention can be achieved with 
any of these solvents when used at the appropri- 
ate concentration. However, the selectivity plot 
in Fig. 3 shows that chiral resolvation strongly 
varies with the concentration of the different 
organic modifiers; selectivity is improved and a 
limiting maximum value is approached as the 
water concentration of the eluent is increased. 
The more hydrophobic the polar organic solvent, 
the lower its concentration must be in order to 
secure the limiting (Y value. Therefore, the 
behavior shown in Fig. 3 allows one to consider 
other solvent-related factors as well, such as the 
solubility of the analyte in the chosen polar 
modifier, the volatility of the modifier, its purity, 
price, etc., in selecting the type of the organic 
modifier to be used for a given preparative chiral 
separation. 

Finally, the effects of the eluent temperature 
on both solute retention and chiral selectivity 
were investigated. The log k’ VS. l/T and the log 
(Y vs. 1 /T curves are plotted against the left and 
right axes in Fig. 4, respectively. There is a, 
significant increase in the k’ values (approxi- 
mately half an order of magnitude) and in the 
chiral selectivity (approximately 0.07 (Y units) as 
the column temperature is decreased from 37°C 
to 0°C. 
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Fig. 4. The capacity factor of (S)-( + )-ibuprofen (solid line 
plotted against the left axis) and the chiral selectivity factor 
for the separation of the (S)-( + )- and (J?)-( - )-e.nantiomers 
of ibuprofen (dotted line plotted against the right axis) as a 
function of the inverse absolute temperature of the eluent. 
Conditions as in Fig. 2. Symbols: + = k’ of (S)-( + )-ibu- 
profen, X = a values. 

It can be concluded from the retention studies 
that there are two types of eluent parameters 
which can be changed to optimize the separation 
of weak acid chiral’solutes on native &cyclodex- 
trin silica columns. The first type of parameter 
(the organic modifier and its concentration, the 
pH and the temperature of the eluent) will 
change both the k’ and the (Y values; the second 
type of parameter (the buffer concentration of 
the eluent) will only change k’, without com- 
promising the value of (Y. Therefore, one can, 
and should, maximize the value of a using the 
eluent parameters which belong to the first 
group, then adjust the retention of the solute to 
the desired level using the parameters which 
belong to the second group. These observations 
can also be utilized for the selection of the 
displacer; after maximizing chiral selectivity for 
the wea acid solute, its retention can be de- 
crease J y increasing the buffer concentration to 
a value that is lower than the capacity factor of 
an otherwise suitable non-charged displacer. 

Preparative chromatographic separation of the 
ibuprofen enantiomers in the overloaded elution 
mode and in the dkplacement mode of 
operation 

The retention and the selectivity studies dis- 
cussed above allowed us to select separation 
conditions which represent a reasonable com- 
promise between separation selectivity, the 
length of time required to complete the separa- 
tion and the achievable yield and production rate 
values. The carrier solution selected contained 
10 mM TEA, 10 mM citrate and 35% (v/v) 
acetonitrile in a pH 6.5 solution. The separations 
were completed at 4°C at a flow-rate of 0.2 
mUmin, using two Cyclobond-I columns con- 
nected in series (2 x 250 mm x 4.6 mm I.D.), 
yielding a chiral selectivity, (Y value of 1.08. 
Because it was known from previous studies 
[4,19] that 4-tert.-butylcyclohexanol has favor- 
able retention and adsorption characteristics on 
the Cyclobond I column, it was selected as a 
possible non-charged displacer for the separation 
of the ibuprofen enantiomers. 

Several displacement mode and overloaded 
elution mode separations were completed by 
doubling the ibuprofen sample load from 62.5 
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pg/injection upwards, until the amount of the 
(Z?)-( - )ibuprofen enantiomer (at 95% enantio- 
meric purity) produced in the separation began 
to decrease. As discussed in [4], the concen- 
tration of the 4-tert. -butylcyclohexanol displacer 
was kept at 2 mM for all of these separations; 
this concentration falls onto the strongly non- 
linear region of the Langmuirian adsorption 
isotherm. Fractions measuring 20 to 90 ~1 were 
collected throughout the separations and ana- 
lyzed for enantiomeric purity using another 
Cyclobond-I column. 

The reconstructed displacement chromato- 
gram of the last sample where production still 
improved with the load (a nominal NO-pg sam- 
ple) is shown in Fig. 5. With the 2 mM 4-tert.- 
butylcyclohexanol displacer, the bands of the 
two enantiomers reach the 0.4 mM (for the 
(Z?)-( -)-enantiomer) and the 0.6 mM (for the 
(S)-( + )-enantiomer) concentration levels. The 
reconstructed chromatogram for the overloaded 
elution mode separation of a similar sample 
-obtained under the same conditions as the 
displacement chromatogram- is shown in Fig. 6 
(nominal 500-pg sample). The peak concentra- 
tions of the enantiomers are much lower than in 
the displacement mode: 0.24 mM and 0.14 mM, 

Time (min) 

Fig. 6. The reconstructed overloaded elution mode chro- 
matogram of a nominal 500 rg ibuprofen sample using two 
Cyclobond I columns connected in series. The eluent is the 
same as the carrier solution in the displacement mode 
separation (10 mM TEA, 10 mM citrate, 35 % (v/v) 
acetonitrile, pH 6.5, 4”C, 0.2 ml/mm). Symbols: + =(R)- 
( - )-ibuprofen, W = (S)-( + )-ibuprofen. 

respectively. There is a strong decrease in the 
concentration of the less retained enantiomer as 
soon as the elution of the more retained enantio- 
mer begins, in agreement with the predictions of 
the ideal model of overloaded elution mode 
chromatography [18]. 

The reconstructed displacement chromato- 
gram permits the calculation of the enantiomer 
productions (mg) and the % recoveries as a 
function of the % enantiomeric purity of the 
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Fig. 5. The reconstructed displacement chromatogram of a 
nominal 500 pg ibuprofen sample using two Cyclobond I 
columns, connected in series. The displacer is a 2 mM 
solution of 4-tea.-butylcyclohexanol, which is dissolved in a 
carrier solution of 10 mM TEA, 10 m&f citrate, 35 % (v/v) 
acetonitrile, pH 6.5, 4”C, 0.2 mllmin. Symbols: + =(R)- 
( - )-ibuprofen, m = (S)-( + )-ibuprofen, x = 4-tert.-butyl- 
cyclohexanol displacer. 
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Fig. 7. Production (mg) of the (R)-( - )- and the (S)-( + )- 
ibuprofen enantiomers as a function of the % enantiomeric 
purity of the pooled fractions obtained from the displacement 
chromatographic separation. Conditions as in Fig. 5. Sym- 
bols: + = (R)-( - )-enantiomer, X = (S)-( + )-enantiomer. 
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collected fractions. The productions are shown in 
Fig. 7 for the less retained enantiomer (solid 
line) and the more retained enantiomer (dotted 
line), respectively. The % recoveries are shown 
in Fig. 8, again for the less retained enantiomer 
(solid line) and the more retained enantiomer 
(dotted line), respectively. Since the purpose of 
this separation is chiral resolution, the enantio- 
merit purities rather than the chemical purities 
are used in the figures. For the less retained 
enantiomer, the enantiomeric purity and the 
chemical purity are identical. For the more 
retained enantiomer, the chemical purity is less 
than the enantiomeric purity, because the tail- 
end of the band of the more retained enantiomer 
is contaminated by the displacer. However, 
because the 4-tert.-butylcyclohexanol displacer is 
non-ionic, its traces can be easily removed from 
the anionic second enantiomer by an additional 
ion exchange step. 

For the corresponding overloaded elution 
mode separation the calculated enantiomer pro- 
ductions (mg) and % recoveries are shown in 
Figs. 9 and 10, respectively, for the less retained 
enantiomer (solid line) and the more retained 
enantiomer (dotted line). 

It can be seen from Fig. 7 that in the displace- 
ment mode a little more material can be pro- 
duced at the 95% enantiomeric purity level from 
the less retained enantiomer (0.27 mg), than 
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Fig. 8. Recovery (%) of the (R)-( - )- and the (S)-( + )- Fig. 10. Recovery (%) of the (R)-( - )- and (S)-( + )-ibu- 
ibuprofen enantiomers as a function of the % enantiomeric profen enantiomers as a function of the % enantiomeric 
purity of the pooled fractions obtained from the displacement purity of the pooled fractions obtained from the overloaded 
chromatographic separations. Conditions as in Fig. 5. Sym- elution mode separation. Conditions as in Fig. 6. Symbols: 
bols: x = (R)-( - )-enantiomer, + = (S)-( + )-enantiomer. X = (R)-( - )-enantiomer, + = (S)-( -)-enantiomer. 
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Fig. 9. Production (mg) of the (R)-( -)- and the (S)-( + )- 
ibuprofen enantiomers as a function of the % enantiomeric 
purity of the pooled fractions obtained from the overloaded 
elution mode separation. Conditions as in Fig. 6. Symbols: 
+ = (R)-( -))-enantiomer, X = (S)-( + )-enantiomer. 

from the more retained enantiomer (0.25 mg). 
This difference in production is more pro- 
nounced in the overloaded elution mode: 0.22 
mg can be produced from the less retained 
enantiomer (solid line), 0.10 mg from the more 
retained enantiomer (dotted line in Fig. 9). This 
means that while under the given conditions both 
the displacement mode and the overloaded elu- 
tion mode separations yield quite commensur- 
able amounts of pure material for the first 
enantiomer, the overloaded elution mode yields 
less of the second enantiomer than does the 
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displacement mode. These observations are fully 
supported by the % recovery vs. enantiomeric 
purity curves (Figs. 8 and 10): at the 95% 
enantiomeric purity level less material is recov- 
ered in the elution mode than in the displace- 
ment mode, but the difference is more pro- 
nounced for the more retained enantiomer than 
for the less retained enantiomer. When it comes 
to production rates, under the given conditions, 
the displacement mode fares worse in the case of 
the less retained enantiomer (due to column 
regeneration time), but the two techniques have 
more comparable production rates for the sec- 
ond enantiomer (due to low recovery in the 
overloaded elution mode). 

CONCLUSIONS 

A displacement chromatographic method has 
been developed for the separation of the en- 
antiomers of ibuprofen by a native p-cyclodex- 
trin silica stationary phase on the basis of in- 
dependent selectivity maximization and retention 
control. The log k’ vs. polar organic modifier 
concentration, the log k’ vs. pH, the log k’ vs. 
buffer concentration and the log k’ vs. l/T 
relationships have been determined, along with 
the a! vs. polar organic modifier concentration, 
the a vs. pH, the (Y vs. buffer concentration and 
the log Q vs. l/T relationships in order to select 
the carrier solution composition which results in 
maximum chiral selectivity and sufficient, but not 
excessive retention for the less retained enantio- 
mer (1 < k’ < 30). 4-tert.-Butylcyclohexanol, 
which is a non-charged substance with a struc- 
ture similar to that of the analyte, is more 
retained than the more strongly adsorbed en- 
antiomer of ibuprofen, and has a suitable, Lang- 
muirian adsorption isotherm [4,19], could be 
used as displacer for the separation. A com- 
parison of the productions (mg) and % re- 
coveries as a function of the % enantiomeric 
purity of the pooled fractions indicates that 
under the given conditions the displacement 
mode and the overloaded elution mode separa- 
tions perform quite comparably for the less 
retained enantiomer, but the displacement mode 
performs better for the more retained enantio- 
mer. 
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