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Abstract

An enantioselective silica rod type chiral stationary phase (CSP) is presented as a novel combination of the well-known enantiomer
separation properties of immobilizéert-butyl-carbamoylquinine chiral anion-exchanger selector with the unique properties of monolithic
silica material. The chromatographic behavior oftiw-butyl-carbamoylquinine silica rod was studied and compared with a similar prepared
particulate material. Good selectivities were achieved for a spectrum of chiral test components like N-derivatized amino acids (DNB- Ac-,
DNZ-, Bz-, Z-amino acids) and for Suprofen. The influence of mobile phase parameters, as well as the effect of serially coupling up to six
10 cm monolithic silica columns was studied and put in context to conventional columns of partiqufateype CSP. Using that 60 cm long
monolithic column it was possible to improve the enantiomer separation of Suprofen and achieve a baseline separation in less than 10 min of
total separation time.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Among the various chiral stationary phases the high
selectivity of chemically bonded quinine (QN) and quini-

The separation of enantiomers by high-performance liquid dine (QD) derivatives as chiral anion exchanger selectors
chromatography (HPLC) has proven to be one of the most for enantiomer separations of chiral acids has proven
useful methods for the analytical analysis up to preparative validity [2,3]. One of the chiral selectors, naméegrt-butyl-
scale separations of numerous differently structured chiral carbamoylquinine t{BuCQN), was found to offer in its
compounds. Among diverse separation concepts, enantioimmobilized form as chiral stationary phase a high enan-
selective HPLC became a very effective method for the reso- tioselectivity for N-protected amino acids and other acids
lution of racemic drugs or chiral synthons but also to control with a very good success rate.
the enantiomeric excess (ee) down to levels of 99.9:0.1. To- Applications oft-BuCQN type CSP based on porous silica
day it is still a growing field due to the importance of enan- patrticles for separations of positional and stereoisomers have
tiomerically pure drugs, intermediates, and fine chemicals. received significant attention in practice.

Several articles deal with the wide variety of chiral sta- A new approach to develop faster and high throughput
tionary phases (CSPs), many of them commercially avail- HPLC methods can be attributed to the use of monolithic
able, and with the attempts to interpret how these chiral columns composed of a continuous bed with through-pores
stationary phases may operate with respect to the under-of either organic or inorganic skeleton matrix. Over the last
lying molecular recognition mechanisms in analytical or years different research grougs-7] have tested organic and
preparative chromatograplpy]. inorganic monolithic materials for their use in HPLC.

Nakanishi and Sog{8] developed a novel sol-gel pro-
mspondmg author. Tels49-6151-72-7642: cess for the preparation Qf mopolithic silica columns with
fax: +49-6151-72-5096. a bimodal pore structure (i.e. with through-pores and meso-

E-mail addressdieter.lubda@merck.de (D. Lubda). pores). The method is based on the hydrolysis and poly-
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condensation of alkoxysilanes in the presence of water- KGaA. The 3-mercaptopropyl-trimethoxy-silane was from
soluble polymers. Tanaka et §8] demonstrated that such ABCR-GmbH Karlsruhe, Germany. Analytical grade dry
silica materials could also be surface modified eq. to RP toluene was used as solvent for the synthesis of the CSP.
materials, thus allowing the preparation of chromatographic Mobile phases for chromatography were prepared from
columns with high efficiencies and low column backpres- glacial acetic acid and ammonium acetate of analytical
sures as a result of an independent control of the sizes ofgrade, and methanol and HPLC water (both of LiChro8olv
the silica skeleton and the through pores. The hydrody- grade) were purchased from Merck KGaA. The mobile
namic behavior of silica-based monoliths (and monoliths phases were filtered through a @& nylon membrane
in general) can be expressed in terms of equivalent particlefilter and degassed by sonification prior to use.
(sphere) dimensionflL0] for the permeability dperm) and HPLC experiments were performed with a Hitachi-Merck
band broadeningdisy). LaChron® HPLC system which consisted of L-7100 intel-
Regarding enantiomer separation a number of different ligent pump, L-7420 UV-Vis detector, L-7200 autosampler,
approaches to use enantioselective monolithic columns par-L-7300 Column Oven, and HSM chromatography data sta-
ticularly in the capillary format in CEC have been summa- tion software for the processing of raw-data, all from Merck
rized in a review of LAmmerhofer et 4lL1]. Along this line KGaA. The HPLC columns were kept at a constant temper-
the preparation of chiral polymeric organic monoliths incor- ature of 25C. The mobile phase compositions are speci-
porating the cinchonane type chiral selector moiety has beenfied in the tables and figures, respectively. All void times for
reported by copolymerizing a mixture of methacrylates con- the calculation of thé values were measured by injecting
sisting of a chiral monomer, comonomers, and a crosslinker thiourea, solved in the eluent mixture, detecting the reten-
within the confines of a fused-silica capillaii2,13] Chen tion time. The specific surface area of the silica monoliths
et al.[14,15] published a series of papers, which developed was determined by measurement of the nitrogen adsorption
chiral monolithic silica column with chemically modified and desorption isotherms using the ASAP 2400 instrumen-
ligand exchange stationary phase for micro-LC and CEC. tation from Micromeritics. The specific surface ar&gr)
First results to bridge the silica-based monolithic technol- was calculated according the theory of Brunauer, Emmett,
ogy of conventional format (4.6 mm i.d.) with the develop- and Teller (BET).
ment of silica-based CSPs employif¢CD as chiral selec-
tors show encouraging results6], leading to similar per-  2.2. Preparation of a silica monolith based t-BuCQN CSP
formances as comparable porous particle based columns butolumn
with the advantage to assure faster enantiomer separation.
In order to extend this promising concept of mono-  Conceptually there are two fundamental ways to mod-
lithic CSPs, in the conventional or capillary format, we ify silica gels used as chromatographic stationary phases.

want to describe in this work the preparationteft-butyl- In most cases, particulate silica materials are first chemi-
carbamoylquinine based monolithic silica columns and to cally modified in so-called batch reactions followed by the
characterize their performance. packing of the modified materials into the chromatographic

Thus, focus was given to the evaluation of these columns, column. For such a reaction scheme the particles are dis-
with respect to speed of eluent flow, and eluent compositions persed in a solvent and after addition of a reaction partner
in comparison to a conventional silica particle based CSPs(in most cases a silane), the suspension is refluxed under
column. Finally, the opportunity to couple several monolithic inert gas atmosphere for several hours following extensive
columns in series to improve the overall total plates numbers washing steps.
and thus the resolution of a racemate will be shown. The second approach refers to the in-situ modification

of unmodified silica gel already packed into the stainless
steel tubing; the in-situ modification is then performed by

2. Experimental pumping the reaction-partner solutions at elevated temper-
ature through the column. Although this approach seems
2.1. Reagents and instrumentation to be straightforward, several disadvantages such as the

risk of a lower reproducibility, problems in scale-up and

Chromolitf® Performance Si 100 mnx 4.6 mm silica danger of damaging the hardware after using aggressive
monolithic columns cladded with PEEK are commer- reaction-partners have to be encountered.
cially available from Merck KGaA (Darmstadt, Germany). However, in comparison of the modification of particu-
The (859R)O-9-(tert-butyl-carbamoyl)-quininet{BuCQN) late materials the chemical modification of monolithic silica
as well as the chiral test compounds were contributed supports has to be realized more or less exclusively by the
from the University of Vienna (Lindner group) and were through pump and thus in-situ way.
used without further purification. The preparation of the  That this conceptis possible was proven and confirmed by
tert-butyl-carbamoylquinine has been described previously comparing both methods for the preparation of a monolithic
[17]. «,0’-Azo-bis-isobutyronitril (AIBN) and dry pyri- B-CD silica-based CSH46]. As a consequence, the in-situ
dine, all of analytical grade, were purchased from Merck modification process for monolithic silica supports seems
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Fig. 1. Preparation strategy for the monolithic silic8uCQN chiral
stationary phases utilized for the present study.

more demanding, particularly for a multi step-wise modifica-
tion process, as it is the case in the preparationBiCQN
monolithic stationary phases or silica beaBgy( 1).

2.3. In-situ modification of silica monoliths

2.3.1. Preparation of 400mmx 4.6 mm silica monolith
column modified with mercaptopropyl groups (SH)

Prior to the reaction, a Chromolith Performance Si
100 mmx 4.6 mm column (10 cm in length containing ap-
proximately 0.5g of silica gel), encased in a PEEK plastic
cover, was dried for 5 h under vacuum at @0 The surface
modification of the dried Chromolifh Si column was car-
ried out with 10 ml of a solution of 0.7 ml (corresponding to
a concentration of 2gmol/m? calculated on the measured
specific surface area of 30(fg of the unmodified silica
rod) of 3-mercaptopropyltrimethoxysilane in dry toluene,
containing 0.2 ml of dry pyridine, by pumping the reaction
solution through the monolith at a volumetric flow rate of
0.2 ml/min for 1 h. During the reaction, the monolithic silica
column was stored inside an HPLC column oven at@0

The mercaptopropyl modified silica rod was washed
with toluene for 1h at 80C at a volumetric flow rate of
0.5ml/min and one additional hour at a volumetric flow
rate of 0.5ml/min at ambient temperature.

137

The surface coverage of mercaptopropyl ligand<$SH)
was obtained by usingq. (1) which has been introduced
by Jeroniec et a[19].

a SH[mol/m?]
[ Pc/Meglementx 100 x nc — PC(MLigand - 1)]
SBET

1)

Where Pc, Py, and Ps are the percent carbon, nitrogen,
or sulfur number measured in the mercaptopropyl phase;
Melement the mass of the calculated element &M@ang, the
molecular mass of the attached ligamgd, ny, andng are

the numbers of carbon, nitrogen, or sulfur atoms per bonded
ligand, SseT is the specific surface area in meter square per
gram of the unmodified silica.

Elemental analysis of C was 4.3% and calculation of the
surface coverage (per meter square of unmodified silica) of
mercaptopropyl ligands bonded to the surface of the mod-
ified silica rod reached SH = 4.54umol/n? revealing
that the surface modification was successful. For measur-
ing the surface coverage within different parts of the mono-
lith, we took three parts from the top, middle, and bottom
of the in-situ modified mercaptopropyl silica monolith and
measured the amount of bounded spacer using elemental
analysis. Due to the fact that we found for the elemental
analysis with C= 4.2% within the top part, C= 4.3%
in the middle, and C= 4.3% on the bottom a satisfying
homogeneity of the surface modification over the length
and diameter of the mercaptopropyl silica monolith was
accomplished.

2.3.2. Preparation of a silica monolith modified with
t-BUCQN in a1l00mmx 4.6 mm column

The t-BUCQN stationary phase was prepared by a reac-
tion of the above described mercaptopropyl modified silica
monolith SH 100 mmx 4.6 mm column with a solution of
(8S9R)0-9-(tert-butyl-carbamoyl)-quinine using a radical
addition proceduret-BuCQN (0.10g) [MG= 423 g/mol]
(corresponding to approximately 5Q@nol/g silica) and
10mg AIBN were dissolved in 6 ml ethanol and then
flushed through the ethanol pre-washed silica monolith SH
column kept at 80C over a period of 100 min. In order
to remove the unreacted amount of modifying reagents,
the column was flushed with ethanol at a volumetric
flow rate of 0.5ml/min for an additional 60 min at room
temperature.

Elemental analysis of G= 10.5% (increase of 6.2% in
the carbon content) and calculation of the surface cover-
age (per meter square of SH modified silica) by taking
just the t-BUCQN ligands into account have shown that
0.76pmol/m? of thet-BuCQN could be bonded to the sur-
face of the SH pre-modified silica rod. This corresponds to
a coverage rate of surface modification witBuCQN of
about 20% based on the calculated amount of mercapto-

propyl groups.
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3. Results and discussion lith, was only 12Qumol/g and thus less than half of that
value reached with a particular material.

Over the last years a set of different cinchona alkaloid In order to be able to get an idea of the maximum sur-
based chiral selectors with various modifications have beenface coverage of the monolithic and particulate prepared sil-
developed and used for the chromatographic separation oficat-BuCQN CSPs we tried to calculate, on the base of the
various compoundf,15]. In the present study, we investi- structure of the mercaptopropyl spacer as well as for the
gated the combination of a monolithic support modified to t-BuCQN, the needed surface area and volume of these both
a quinine-based CSP and compared its chromatographic efpart of the modification. Using the Spartan software (Ver-
ficiency of similarly modified particulate materials. sion 5.0) from Wavefunction Inc. (Irvine, CA) we obtained

One goal of this work was also to combine the unique for the mercaptopropyl spacer a volume of 162dnd a
behavior of monolithic silica columns namely to take ad- surface area of 127.4%A The tert-butyl-carbamoylquinine
vantage use of the low column backpressure to allow the was calculated to need a surface area of 487.tdver-
coupling of several columns together to realize a higher to- ing a total volume of approximately 50FAassuming a
tal number of plates to achieve better resolutions of critical non-solvated status. At this point we have to mention, that
substance pairs. By counting on an additional optimiza- the calculated values are only valid for one structural con-
tion parameter, namely speeding up the flow rate without formation and have thus to be handled with care. By only
too much loss of efficiency by employing a quasi 60cm taking into account that th&BuCQN needs about four
long stacked monolithic column, fast separations should be times more space in comparison to the thiol-spacer, a max-

achievable. imum concentration on the surface of the silica materials in
the range of Jumol/m? seems to be possible as we used

3.1. Comparison of monolithic and particulate silica a mercaptopropyl modified support with a surface cover-

t-BUCQN CSPs age of about 4umol/m? thiol-groups for the preparation of

the CSP. Due to this result, the modification of the particu-
Elemental analysis of a bm particulate material, pre- late material was nearly complete (as calculated before with
pared using a similar method as for the monolithic silica 0.91pmol/m? t-BuCQN-groups) and should cover the re-
described before, has shown a carbon content for the mer-maining thiol-groups in a more sufficient way as this can
captopropyl modification of G= 4.7%, and corresponds to  be the case for the silica monolithic CSP. However, the
a surface coverage of 4.9nol/m? bonded mercaptopropyl  non-modified remaining mercaptopropyl groups do not in-
spacers onto the surface. Further a radical addition proce-terfere with the overall and enantioselective binding events
dure, usingt-BUCQN, leads to an increase of 7.5% in car- with chiral acids, as shown previoudl¥8].
bon content and gave a calculated content of Qu@bI/m?
(or 273umol/g) t-BUCQN spacer bonded. In contrast to the 3.2. Reproducibility of the surface modification of the
immobilization protocol of particulate material we were not t-BuCQN monolithic silica CSP
yet able, to reach this high level for the in-situ modification
of the mercaptopropyl pre-modified monolithic silica. How- The reproducibility of the surface modification of a sta-
ever, there is room for further optimization of the immo- tionary phase is an often-discussed topic and an important
bilization protocol if needed, as the reached coverage wasrequirement for the transfer and acceptance of the used
sufficient to prove the principle. methods to industrial laboratories. In order to check if the
Although the total porosity of the silica monolith is with  multi step in-situ modification method and protocol (used
about 80% higher in comparison with a separation col- for the preparation of the monolithic CSP) was reproducible
umn packed with particles (ca. 65%) the total amount of enough, we compared sevésBuCQN monolithic silica
t-BUCQN, which could be bound to the surface of the mono- columns. For the evaluation of the lot-to-lot reproducibility,

Table 1
Reproducibility of the in-situ preparation procedure of set:®uCQN modified monolithic silica columns using acetyl-phenylalanine as a test sample
Column K N (m) o Backpressure
r
Ac-p-Phe Aci-Phe Acp-Phe Aci-Phe (bar)
Lul517 2.09 3.22 56,970 60,230 1.55 16
Lul519/1 2.10 3.24 48,210 50,660 1.54 15.5
Lu1519/2 2.04 3.15 48,320 48,310 1.54 16
Lul519/3 2.08 3.21 48,630 51,610 1.54 16
Lul521/1 2.23 3.48 52,600 61,500 1.56 16
Lul521/2 2.22 3.47 53,800 62,200 1.56 16.5
Lul521/3 2.24 3.45 56,670 63,910 1.54 17

Conditions: CSPt-BuCQN based CSP silica monolith; mobile phase, MeOH / glacial acetic acid 99/1 (v/v); temperatu@, flbv rate, 1 ml/min;
Injektionvol., 10ul.
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we performed two more preparations by modifying three

r~ H
columns in parallel using a crosspiece. g *\S_/\/\S/\i
As test samples racemid-acetyl-phenylalanine and a 0 s/ '\OH /N
mixture of methanol/glacial acetic acid 99:1 (v/v) as a mo- - H O HO
. . . . Monolithic |
bile phase with a flow rate of 1 ml/min was used. The experi- support ; N o
mental results of the different fully characterized monolithic 4
CSP are summarized ifable 1 o. %
The column-to-column reproducibility of the surface
modification within one preparation of three parallel-coupled x N/H
monoliths is in good agreement with each other and also
between different preparation campaigns. The lot-to-lot re- =

producibility has shown a very acceptable variation proving
that the modification protocol is based on robust conditions.

3.3. Comparison of hydro-organic and polar—organic NO-
mobile phases Fig. 2. Selector-selectand interaction model teft-butyl-carbamoyl-
quinine (1S3R,4S8S9R) modification andN-(3,5-dinitrobenzoyl)leucine.
The chromatographic characterization of the prepared (1) ionic interaction; (2) hydrogen bond; (3)--interaction; (4) steric
. . - Interaction.
enantioselective-BuCQN silica rods was performed us-
ing different mobile phases. For the polar—organic mode,
non-agueous conditions were adopted employing methanol The chromatographic tests of bothBuCQN CSP
as mobile phase with glacial acetic acid as an acidic modifier, columns (monolithic and particulate) indicated that their
which represents the counter-ion in the ion-exchange pro-enantioselectivities are basically comparable. Using the
cess being necessary to facilitate elution within reasonablesame mobile phase condition the calculated retention fac-
time. In the hydro-organic mobile phase, a methanol/water tors, k; and kz, were lower on the-BuCQN monolithic
acetate buffer eluent (pH adjusted) was used. silica CSP then on the particulate column, which is most
For the comparison with a particulateBUCQN mate- probably directly correlated with the selector density bound
rial, a spectrum of chiral test components like racemic N- per surface unit (§). Using methanol/acetic acid for the
derivatized amino acids (DNB- Ac-, DNZ-, Bz-, Z-amino separation, the retention factors of thBuCQN monolithic
acids) and Suprofen were selected. Due to the selector—selesilica CSP were nearly half in comparison with the partic-
ctand model of theert-butyl-carbamoylquinine modifica- ulate CSP corresponding to the ca. ::BuCQN selector
tion, depicted irFig. 2 usingN-(3,5-dinitrobenzoyl)leucine  coverage. The decrease in the value of the retention factor
as model enantiomer there seem at least four different inter-was even more pronounced in the methanol/acetate buffer.
actions possible; (1) ionic interaction, (2) hydrogen bond, (3) From the experiments with the hydro-organic mobile
w—m-interaction, (4) steric interaction via van der Waal in- phase in comparison with the polar—organic mobile phases,
crements. The respective chromatographic results and condiit became evident that the observed separation and/or the ef-

tions are summarized ifeble 2for the particulate-BuCQN ficiency values may be influenced by diverse factors. Since
CSP and thé-BuCQN monolithic silica CSP. selector—analyte interactions are widely of an electrostatic
Table 2
Enantiomer separation of a spectrum of chiral test components like N-derivatized amino acids (DNB- Ac-, DNZ-, Bz-, Z-amino acids) and Suprofen
Substances Hydro-organic mobile phases Polar-organic mobile phases

Particulate column Monolithic column Particulate column Monolithic column

K o N2 (1/m) &5 o N2 (1/m) &) o N2 (1/m) &5 o N2 (1/m)
Z-pL-Leu 7.68 1.29 33,696 2.56 1.26 38,560 3.83 1.32 39,584 1.83 131 88,340
BZ-pL-Leu 12.15 2.52 32,352 4.01 241 38,100 8.04 2.62 40,904 3.74 2.55 70,470
DNZ-pL-Leu 33.43 2.88 33,072 10.92 2.37 40,123 15.62 3.00 36,864 7.67 2.86 60,550
DNB-pL-Leu 164.64 16.33 29,384 49.64 13.16 34,910 114.24 16.27 38,880 57.10 15.9 62,540
Z-pL-Phe 13.49 1.21 36,016 4.37 1.19 42,520 3.83 1.32 39,584 1.92 1.30 62,460
Ac-pL-Phe 5.73 1.38 32,576 1.52 1.33 39,362 7.88 1.51 39,528 3.38 1.54 60,230
BZ-pL-Phe 15.74 1.89 34,096 4.72 1.82 36,345 8.04 2.62 40,904 4.01 2.59 66,580
DNZ-pL-Phe 36.93 1.90 33,072 11.52 1.73 38,298 30.16 2.10 43,840 15.67 2.02 68,430
Suprofen 9.57 1.13 31,160 3.01 1.10 35,671 3.64 1.15 41,224 1.93 1.14 69,760

Conditions: CSPt-BuCQN based CSP particulate silica material arBuCQN based CSP monolithic silica material; mobile phase, comparison of

MeOH/glacial acetic acid 99/1 (v/v) and methanol—0.1 M ammonium acetate 80:20 (v/v) pH 6.0; temperat@efl@® rate, 1 ml/min; Injektionvol.,
10wl
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nature, polar—organic conditions (non-aqueous) were foundthe enantiomer separation of acetyl-phenylalanine, we were
to lead to higher efficiencies. Using hydro-organic condi- able to get similar separation efficiencies with a minimum
tions a hydrophobic interaction increment becomes more plate height of about 2@m at optimal eluent flow rates. In-
pronounced. creasing the eluent flow up to 4 ml/min (5.82 mm/s) leads to
However, the enantioselectivity) values are relatively  a plate height of about 56m for the particulaté-BuCQN
similar although slightly better for the polar—organic mode. CSP that corresponded to only one third the efficiency of
Along this line the efficiencies of the particulat8BuCQN the most efficient flow rate of 0.4 ml/min. The evaluation of
CSP columns were found to be in the same range for the particulate CSP was limited to the maximum flow rate of
hydro-organic and polar—organic mobile phases being also4 ml/min due to the limiting backpressure available for the
slightly higher for the polar—organic eluents. For the mono- separation of about 200 bars. In contrast to the particulate
lithic silica t-BUCQN CSP columns, much higher efficien- material, the monolithic CSP column only showed an in-
cies and equal or better selectivities were obtained with the crease of plate height by using the same flow rate of 4 ml/min
polar—organic mode. from 18 up to 33.m. Even by using a flow of 7 ml/min, the
The contribution of the underlying remaining mercapto- enantiomer separation of the acetyl-phenylalanine could be
propyl groups is not fully elucidated, but it seems rather attained with a plate height of about g4&. The most im-
small as the ion-pairingg—m, hydrogen bounding and hy-  portant result for the further evaluation was that we were

drophobic interactions are clearly the dominating ones. able to separate the enantiomers using the monolithic silica
t-BUCQN CSP, even with a flow rate of 4 ml/min. This of-

3.4. Dependence of efficiency from the eluent flow of fered acceptable efficiencies and at the same time, due to

particulate and monolith silica CSP the unique structural properties of the silica monoliths low

column backpressures.

For the application of RP type monolithic silica material
columns, it has been shown previoufd0] that by increas- ~ 3.5. Influence of the eluent composition
ing the flow rate, théd/u curve remained relative flat, which
results in only a slight decrease in resolution. By combining ~ The effect of the mobile phase composition on reten-
the monolithic materials with a chiral selector, BsCD, it tion factor and enantioselectivity was investigated by using
was found that the behavior was not so pronounced as formethanol W|th diffel’ent Concentrations Of aCid as the eluent
the RP mode separations but the loss of efficiency was still for the separation of the different compounds as summa-
lower as for the comparable particulfeCD CSP[16]. To rized above. This also means that the retention can be read-
be able to optimize the separation time of the enantiomer ily balanced by the competitive effect of an acidic compo-
separation by increasing the flow rate of the eluent, the lossnent equivalent to a counter-ion in the eluent. Here, glacial
of efﬁciency as a function of the linear f|o\M(u Curve) had acetic acid was used as the acidic modifier and was added
to be checked also for tteBUCQN CSPsFig. 3. to methanol in a concentration range of 0.05-2.0% (v/v). In
Comparing a particulateBUCQN CSP with a particle di- the non-aqueous polar—organic mode, solvophobic interac-

ameter of 5um and a monolithic silicaBuCQN CSP using  tions are weak, while the electrostatic interactions become
dominant although acetic acid can also be classified as polar

protic solvent.

60 7 BUCON P It was found, as expected from the results previously pub-
55 5um ;artic,e%//" lished in literature, that theBuCQN CSP offer very con-

50 = " stant separation factor over a wide range of the buffer com-
:i sl — position in the eluenf2]. In comparison to the separation
E o o A =—=TBucon factor, the retention factors were however very much af-
T 20 " _ A== Chromolith (2um pores) fected by the amount of glacial acetic acid used. As summa-

s W rized in Table 3 we were thus able to easily accelerate the
20 | separation of different compounds by using higher concen-
15 trations of acetic acid acting as prototic polar solvent with
10 : : : | the tendency to also dissociate.
0,00 2,00 4,00 6,00 () [mmys] 8:00 By increasing the concentration of the acetic akjd
S Paricdar Sam e Parioular Sm - Nonoiie = Monoiihic of 5.69 for Suprofen using methano_l/glacial acetic ac_id
HA [ H2 [um] HI [um] H2 [um] 99.95:0.05 (v/v) reduced to 1.23 using methanol/glacial
acetic acid 98:2 (v/v). The separation factors stayed nearly
Fig. 3. Comparison of plate height vs. linear flow velocity/{ curve) constant over the whole range of eluent variations but a

of Fhe mobile phase using BBUuCQN pased CS_P mOﬂOllt.hIC silica ma- slight loss of resolution was found by using higher concen-
terial andt-BuCQN based CSP particulate silica material. Conditions:

acetyl-phenylalanine as a test sample; mobile phase, MeOH/glacial acetictr"’monS of acetic a_C|d' . o
acid 99/1 (v/v); temperature, 2&; flow rate, from 0.2 to 7 ml/min for the For the separation time and further optimization of the

monolithic column and from 0.2 to 4ml/min for the particulate column. enantiomer resolution of Suprofen we decided to use an
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Table 3 transported with a high flow rate to the activated surface for
Dependence of retention factors, efficiency and enantioselectivity as well subsequent chromatographic separation. The skeleton of the
luti h f glacial ic acid i hanol ; . : :
;Sogﬁ:c’p‘#;g on the percentage of glacial acetic acid in methanol as .\ ith contains the surface required for solute—stationary

phase interaction.

Eluent kp o N2 (1/m) Rs The goal of this study was to demonstrate the influence
MeOH/0.05% AcOH 5.69 1.14 65,810 225 of an increase of the effective plate numbers of chirally
MeOH/0.1% AcOH 5.04 1.14 65,810 2.17  modified monoliths thus effecting the enantiomer separation
MeOH/0.2% AcOH 3.86 1.14 69,230 211 of Suprofen

MeOH/0.5% AcOH 2.95 1.14 67,220 1.95 . ' . : .-

MeOH/1. 0% AcOH 193 114 69,760 174 By linearly connecting six monolithic columns we were
MeOH/2.0% AcOH 1.23 1.14 66,730 138 able to get from about 7000 plates, for one 10 cm long col-

umn, to a total of 30,000 plates, for the 60 cm long column,

Conditions: CSPt-BuCQN based CSP lithic sili terial; - . . .
ondartions +-BUCQN base monotthic sfiea matena® M9 with a constant separation factor of 1.15. This was only pos-

bile phase, increase of MeOH/glacial acetic acid 99.05/0.05 (v/v) to

and MeOH/glacial acetic acid 98/2 (v/v); temperature’ @5 flow rate, sible, using the same flow rate for both column lengths, at

1 ml/min; Injektionvol., 1Qul. the expenses of elution time, which increased from 10 to
45 min.

eluent composition of methanol/glacial acetic acid 99.5/0.5 The coupling of six columns was possible due to the

(v/v) as suitable composition. low backpressure generated by the monolithic silica HPLC
columns. The 60cm long connected monolittiBUCQN

3.6. Coupling of columns CSP builds up a column backpressure of only 45bars
(Table 9.

Since separation time is a major issue today, there is a The main reason for the reduction of the possible theoret-
pronounced trend toward shorter columns filled with small ical plate-number by 30% was the loss of efficiency due to
particles (e.g., gm). For complex separations, however, it the dead volume of the coupling pieces used for the connec-
is still necessary to use long column beds in order to provide tion of the 10 cm long Chromolifh columns. But even if
the separation efficiency required. there was a loss of efficiency due to the set-up of the column

As published before, monolith type columns with reversed coupling we were able to obtain a baseline separation during
phase properties can be run with increased flow rates upthe chromatographic separation of the Suprofen enantiomers
to a factor 5-10, leading to much faster separations. Dearusing this 60 cm long stocked separation column.
et al. [21] investigated the potential of in series coupled
alkyl-bonded silica monolithic columns for the isolation and 3.7. Effect of Increasing flow rates
identification of drug-related components in biological flu-
ids. For six columns in series a chromatographic system with  Enantiomer separation ##BUCQN anion exchangers in-
more than 40,000 effective plates were achieved. It was re-volves multiple and simultaneously active strong specific
ported, that these six coupled columns gave enhanced resonon-covalent interactions which are associated with high
lution compared to a high quality silica particulate column affinity. A proper balance of these interactions is an ultimate
packed with 3sm material, which exhibits the same back- requirement for a sufficient chromatographic performance,
pressure. but which very often shows slow kinetics of interaction for

The reason for the behavior of the monolithic silica such type of separations.
columns is an improved bimodal pore size distribution of  Forthe optimization of the separation with regards to anal-
mesopores and macropores. The macropores of the silicayses time, it was attempted to take advantage of the combi-
monolith are mainly responsible for the flow resistance. nation of the usually stable separation factor at higher flow
They serve as through pores and enable the substances to beates accepting a slight decrease in resolution and the unique

Table 4

Dependence of retention factors, efficiency and enantioselectivity as well as column backpressure on the number of coupled silica monoliths

Numbers of coupled Suprofen 1 Suprofen 2 o Rs Column

column & length, m) backpressure (bar)
ky N/column A N/column

1=01 2.43 7,164 2.79 7,025 1.15 2.10 6

2=0.2 2.80 12,370 3.18 11,890 1.14 2.56 14

3=03 2.82 17,570 3.26 17,060 1.16 3.04 22

4=04 2.83 21,510 3.26 20,560 1.15 3.08 30

5=05 2.84 25,040 3.27 24,080 1.15 3.32 37

6=0.6 2.87 29,680 3.30 27,970 1.15 3.45 45

Conditions: CSP{-BUuCQN based CSP monolithic silica material from 10 to 60cm column length; mobile phase, MeOH/glacial acetic acid 99.5/0.5
(v/v); temperature, 25C; flow rate, 1 ml/min; Injektionvol., 1Q.l.
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Fig. 4. Effect of increasing flow rate on the separation of Suprofen in MeOH/glacial acetic acid 99.5/0.5 (v/v) using a 60 ¢+BUG@N modified
monolithic silica column. Temperature: 26; flow rate: 1-4 ml/min; Injektionvol., 1(l.

properties of the silica-based monoliths offering a relative time and selectivity of different chiral analytes (drugs) was
flat H/u curve in comparison with particulate material re- studied.
ported for the RP type system. As expected, the enantioselective silica-based monolith
In order to reduce the separation time for the analysis of columns (covering a high total porosity) provide, in com-
the Suprofen enantiomers, the flow rates were varied from 1 parison with the particulateBuCQN CSPs, a relatively low
to 4 ml/min using the 60 cm long stacked monolithic column. column backpressure and behave, to a large extent, similar
The respective chromatographic results and conditions canwith regard to performance as previously published for non
be found inFig. 4. stereoselective RP modified Chromofiticolumns[22]. A
By increasing the flow rate from 1 up to 4 ml/min the better separation, within a similar separation time and the
backpressure rose from 45 to 204 bars but reducing the oversame enantioselectivity but with higher resolution factors,
all separation time to 10 min achieving a better resolution was achieved using the 60 cm coupled monolitHBuCQN
(resolution of 2.6 and baseline separation) as using only oneCSP by comparing it with the separation of the Suprofen
10 cm monolithict-BuCQN CSP (resolution of 2.1 but no  enantiomers using a 10 cm monolitlituCQN CSP only.
baseline separation).
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