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Abstract

A molecular imprinting approach to construct synthetic receptors was examined, wherein a linear pre-polymer bearing functional groups for
intermolecular interaction with a given molecule is cross-linked in the presence of the molecule as a template, and subsequent removal of the
template from the resultant network-polymer is expected to leave a complementary binding site. Poly(methacrylic acid) (PMAA) derivatized
with a vinylbenzyl group as a cross-linkable side chain was utilized as the pre-polymer for the molecular imprinting of a model template,
(—)-cinchonidine. Selectivity of the imprinted polymer was evaluated by comparing the retentions of the original temjpleitestfonidine
and its antipode-)-cinchonine in chromatographic tests, exhibiting a selectivity factor up to 2.4. By assessment of the imprinted polymers
in a batch mode, a dissociation constant at@@or (—)-cinchonidine was estimated to lig = 2.35 x 10-® M (the number of binding sites:

4.54 x 10~ mol/g-dry polymer). The displayed affinity and selectivity appeared comparable to those of an imprinted polymer prepared by a
conventional monomer-based protocol, thus showing that the pre-polymer, which can be densely cross-linked, is an alternative imprinter for
developing template-selective materials){Cinchonidine-imprinted polymers were prepared and assessed using the pre-polymers bearing
different densities of the vinylbenzyl group and different amounts of the cross-linking agent to examine the appropriate density of the
cross-linking side chain that was crucial for developing the high affinity and selectivity of the imprinted polymers.

© 2004 Elsevier B.V. All rights reserved.

Keywords:Molecular imprinting; Cinchonidine; Poly(methacrylic acid)

1. Introduction as the imprinter; the functional monomer is mixed with the
target molecule as a template to form complexes by cova-
Many analytical systems have effectively utilized lent or non-covalent bonding; polymerization is conducted
biomolecules, such as enzymes and antibodies. These biowith a cross-linking agent to construct a three-dimensional
logical macromolecules display a highly specific recogni- network-polymer; and the template molecule is removed
tion of their ligands due to complementary binding sites that from the cross-linked polymer to realize a binding site
are constructed by the elaborate folding of polypeptides. complementary to the template molecule. While use of
Inspired by biological systems, attempts have been madethe functional monomers have been extensively studied for
for obtaining synthetic polymers having binding sites com- synthesizing molecularly imprinted polymers (MIPs), only
plementary to a given molecule by molecular imprinting a few polymers have been examined as an imprinter such as
[1]. A typical protocol of molecular imprinting can be sum- amylose cross-linked with cyanuric chlorid2], chitosan
marized as follows: a monomer having an interaction with cross-linked with epichlorohydrif8], poly(4-vinylpyridine)
a target molecule, i.e., a functional monomer, is selected cross-linked with diboromobutang!], proteins and syn-
thetic polymers precipitated in organic solvenfs],
mspondmg author. Tels81.78-431-4341: th'ermo—responsive acryllamide 'copolymers crpss—linked
fax: +81-78-435-2539. with S-S bond$6], and oligopeptides embedded in a poly-
E-mail address:sugimoto@konan-u.ac.jp (N. Sugimoto). meric membranég/]. Although these MIPs exhibited many
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attractive features in their synthesis and performance, plore the importance of the cross-link for imprinting the

the specificity was moderate compared to functional template molecule.

monomer-based MIPs especially when organic molecules

were the targets, probably due to no cross-linking or a defi-

cient degree of cross-linking. However, it is quite important 2. Experimental

to further examine linear polymers as imprinters because

it is potentially useful for attaining template—imprinter 2.1. Materials and instruments

complexes upon multiple hydrogen bonding/electrostatic

interactions even in polar, protic media as observed in Acetic acid, 2,2-azobis(isobutironitrile) (AIBN), chloro-

biomolecular systemf8]. form, (—)-cinchonidine, {)-cinchonine, dimethyl sulfoxide
We postulated that linear polymers should work as im- (DMSO) and ethylene glycol dimethacrylate (EDMA) were

printers that can be cross-linked by radical polymerization, purchased from Wako Pure Chemicals (Osaka, Japan).

which is recognized as the most successful chemical re-4-Vinylbenzyl chloride, 4-methylbenzyl chloride and 1,8-di-

action for constructing MIPg1b]. In this study, linear azacyclo-[5.4.0]-7-undecene (DBU) were purchased from

pre-polymers bearing side chains for interaction with a Aldrich. Acetonitrile and methanol were obtained from

template molecule (a carboxyl group) and for cross-linking Kanto Chemical (Tokyo, Japan). Chloroform, DMSO and

(a vinyl group) was tested as imprinters using conven- EDMA were purified before use by standard procedures

tional systems for the preparation and assessment of thd14]. Poly(methacrylic acid) was obtained by acidifying

(—)-cinchonidine-imprinted polymer (pre-polymer-based an aqueous solution of poly(methacrylic acid sodium salt)

imprinting for developing functional macromolecules that (Aldrich, averageM: ca. 6500, averagil,: ca. 4000). The

work in aqueous media or hydrophilic organic solvents obtained precipitate was thoroughly rinsed with water, dried

is also being studied9]), in a protocol in which the in vacuo, and purified by reprecipitation in acetone/ethanol.

pre-polymers are cross-linked in the presence of a templateConversion of a carboxylate anion to a carboxyl group

molecule Fig. 1). A cinchona alkaloid €)-cinchonidine was confirmed by FT-IR (€0, 1698 cnT?). The chroma-

(for cinchona alkaloids in asymmetric catalysis, $&@]; tographic experiments were performed at°@0with a

for cinchona alkaloids as anti-malaria drugs, Jé&]) Waters HPLC system consisting of an Alliance 2690 Sepa-

and poly(methacrylic acid) (PMAA) derivatives were em- rations Module and a 2487 UV-absorbance detector. For re-

ployed as a model template molecule and pre-polymers, versed phase HPLC, a Waters XTerra RP18 columun(5

respectively, to examine the proposed imprinting protocol 4.6 mmx 150 mm) was used with acetonitrilevater as the

because the imprint of{)-cinchonidine using a carboxylic  eluent.

monomer, methacrylic acid had been already studied

[12,13] Pre-polymers as imprinters were obtained by sim- 2.2. Preparation of linear pre-polymers

ple modification of a commercially available polymer,

poly(methacrylic acid), with cross-linkable vinylbenzyl A typical procedure for preparing the pre-polymer PP1

group, to demonstrate that the present strategy can be gen{seeFig. 1 and Table J: Into 54 ml of DMSO were added

erally applied to utilize various ordinary linear-polymers PMAA (1.8g, —COOH: 21 mmol), 4-vinylbenzyl chloride

for molecular imprinting. Pre-polymers with different vinyl  (5.25mmol), 4-methylbenzyl chloride (12.6 mmol), and

group densities, co-used with different amounts of the 1,8-diazacyclo-[5.4.0]-7-undecene (2.71g, 17.85mmol).

cross-linker, were examined for the MIP synthesis to ex- The mixture was stirred at 4€ for 2.5h, then poured
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Fig. 1. Schematic representation of molecular imprinting utilizing linear pre-polymers for synthesiz)aginthonidine-imprinted polymers: (1)
(—)-cinchonidine as the template species; (2) ethylene glycol dimethacrylate (EDMA) as the cross-linker; (3) pre-polymers. Six kinds of pse-polymer
PP1-PP6, were prepared and used for synthesizing the imprinted polymers. For the ratigsaofl z of each pre-polymer (se@able ). The thick

dashed lines represent a polymer network constructed by pre-polymers and EDMA.
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Table 1 Table 2
Pre-polymers prepared in this study as precursors of molecularly imprinted Imprinted (IP) and non-imprint blank (BP) polymers prepared and exam-
polymers ined in this study
Pre-polymer  4-VB@ 4-MBC? X0 Y 2 Polymer Template Pre-polymer Cross-linker
a b
PP1 5.25(0.25) 12.60 (0.60) 024 057 0.19 (umol) (mgy* (mmol)
PP2 1050 (0.50)  7.35(0.35) 047 032 o021 P1 CD (60) PP1 (536) 13
PP3 12.60 (0.60)  525(0.25) 058 022 02 P2 CD (60) PP2 (506) 13
PP4 1470 (0.70)  3.15(0.15) 065 014 021 P3 CD (60) PP3 (529) 13
PP5 1575 (0.75) 210 (0.10) 072 009 019 P4 CD (60) PP4 (496) 13
PP6 17.85 (0.85) O 077 0 022 IP5 CD (60) PP5 (564) 13
IP6 CD (60) PP6 (467) 13
a8 The amount (mmol) of the reagents used with 21 mmol of
poly(methacrylic acid) for preparing the corresponding pre-polymers. BP1 None PP1 (536) 13
The parenthesized figures are the molar ratios of the reagents to BP2 None PP2 (506) 13
poly(methacrylic acid) (21 mmol) used for the preparation. BP3 None PP3 (529) 13
b Ratios of three kinds of side chains, y and z were determined BP4 None PP4 (496) 13
by quantitating unreacted 4-vinylbenzyl chloride and methylbenzyl chlo- BPS None PP5 (564) 13
ride by reversed phase HPLC. For structures of the pre-polymers (see BP6 None PP6 (467) 13
Fig. 1). IP4a CD (15) PP4 (496) 13
IP4b CD (30) PP4 (496) 13
IP4c CD (120) PP4 (496) 13
. L 1P4d CD (240) PP4 (496) 13
into water to precipitate the product. The product was ex- |pse CD (480) PP4 (496) 13
haust|v_ely washed with water_, with acetic acid—methanol, IP4(200) CD (60) PP4 (496) 6
then with methanol. After drying under reduced pressure, py(7s) CD (60) PP4 (496) 9.75
the product was purified by reprecipitation in hexane/THF. |p4(50) CD (60) PP4 (496) 6.5
Identification was made byH NMR (DMSO-&) and IP4(0) CD (60) PP4 (496) 0
FT-IR: 0.69, 0.92 (S, —Ck‘), 15-24 (—CH—), 2.3 (S, BP4(200) None PP4 (496) 26
Ph—CH), 4.8 (s, O—CH-Ph), 5.2,5.7 (d, —C¥ICH), 6.6 (t, BP4(75) None PP4 (496) 9.75
—CH=CHy), 7.0-7.3 (<GH4-), 12.4 (-COOH); 1730 cmt BP4(50) None PP4 (496) 6.5
(C=0), 1630cnT! (C=C). Other pre-polymers, PP2-PP6, BP4() None PP4 (496) 0

were prepared in the same fashion using the correspond-CD: (~)-cinchonidine.

. . . @ The amounts of the template and the pre-polymers are those used
ing a_mounts of 4 vn_wylbenzyl chloride and 4 methylbenzyl with 13 mmol of the cross-linker, ethylene glycol dimethacrylate (EDMA).
chloride as summarized ifable 1

b The amounts of the pre-polymers were adjusted for each pre-polymer
to contain 0.6 mmol of carboxylic group.
2.3. Synthesis of molecularly imprinted polymers (MIPs)

prepared by cross-linking PP4 with different amounts of

A typical procedure for preparing the imprinted poly- EDMA.
mer IP1 (able 2: 9.3mg (32umol) of the template
(—=)-cinchonidine was dissolved in 7.5ml of chloroform in  2.4. Chromatographic assessment of the imprinted
a screw-capped glass tube. Into the solution were addedpolymers
475mg of PP1, 2.55¢g of the cross-linking agent EDMA
and 26.5mg of the polymerization initiator AIBN. Af- The polymer particles were slurried in chloroform—
ter nitrogen gas was sparged into the mixture for 5min, acetonitrile (1:1, v/v) and packed in stainless-steel column
the glass tube was sealed and kept in a water bath attubes (150 mmx 4.6 mm i.d.). The columns were washed
60°C for 5h. The obtained polymer was crushed and with methanol-acetic acid (7:3, v/v). The column was then
washed by Soxhlet extraction with methanol (recovery of washed with acetonitrile—acetic acid (99:1, v/v) until a sta-
(—)-cinchonidine >90%). After being dried, the polymer ble baseline was obtained. Chromatographic measurements
was ground in a mortar to pass through qu883 sieve. Fine were conducted using acetonitrile—acetic acid (99:1, v/v)
particles were removed using a @t sieve. The resulting  as the eluent at a flow rate of 1.0 ml/min at°® and the
particles were used for the chromatographic studies. Otherdetection was made at 280 nm. The injection volume was
imprinted polymers, IP2—-IP6, were similarly prepared us- 20l and the sample concentration was 0.5 mM. Each sam-
ing PP2—PP6, respectivelydble 3. The non-imprint blank  ple was independently injected. A capacity facth) (vas
polymers, BP1-BP6, were prepared without the addition calculated using the equatiokl, = tr/(tr — 1), wheretr
of the (-)-cinchonidine template. Imprinted polymers, is the retention time of-()-cinchonidine or 4)-cinchonine
IP4a—IP4e, were prepared using the pre-polymer PP4 withandtp the retention time of the void marker, acetone. The
the addition of different amounts of the template. The im- selectivity factor,k k., was used for evaluating the se-
printed polymers, IP4(200), IP4(75), IP4(50) and IP4(0), lectivity, where k 4 and k¢, are the capacity factors of
and their corresponding non-imprint polymers were also (—)-cinchonidine and-{)-cinchonine, respectively.
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2.5. Estimation of affinity of the imprinted polymers process for anchoring the carboxyl groups of the pre-poly-
mers in the resultant polymer networks. Pre-polymers
The polymer particles were washed with methanol-acetic were prepared by partial esterification of PMAA with
acid (7:3, v/iv) then methanol in a stainless-steel column. The 4-vinylbenzyl chloride and 4-methylbenzyl chloride in the
removal of the template was monitored by reversed phasepresence of DBU[16]. To investigate the effects of the
HPLC, and no extraction of the template was finally con- cross-linkable 4-vinylbenzyl group density on the potency
firmed. After drying in vacuo, the polymer (10 mg) was im- of the pre-polymers for developing affinity and selectivity,
mersed in a 1.0 ml acetonitrile solution ef)-cinchonidine four kinds of pre-polymers bearing different 4-vinylbenzyl
of various concentrations ranging from pth to 2.0 mM group densities were prepared using various concentra-
at 20°C. After the incubation for 18h, the sample tubes tions of 4-vinylbenzyl chlorideTable 1. To provide a fair
were centrifuged. Aliquots of the supernatant were taken comparison, 4-methylbenzyl chloride was simultaneously
and analyzed by HPLC to quantify the concentration of used for the preparation to make the six pre-polymers,
free (—)-cinchonidine,F. The amount of {)-cinchonidine PP1-PP6, bear the same densities of carboxyl group. A
bound to the polymerB, was calculated by subtractirfg molecularly imprinted polymer was synthesized using
from the initial (—)-cinchonidine concentration. Three in- each pre-polymer independently—)Cinchonidine was
dependent batches were tested for each concentration aneémployed as a model template species for assessing the
the quantification by HPLC was done in triplicate for each imprinting protocol utilizing pre-polymers, because it was
batch. Three independent batches were prepared and testekhown as a steady protocol that)-cinchonidine is im-
for each concentration and the quantification by HPLC was printed by sole use or cooperative use of a methacrylic acid
done in triplicate for each batch. The average data were monomer [12,13] Molecular imprinting was conducted
used for subsequent analysis. For the Scatchard analysisyusing the pre-polymers, the amount of carboxyl groups in
B/F is plotted versuB according to the equatiofs/F = which was approximately 2.5-40 times greater than that
(Bmax — B)/K4, whereKy is the equilibrium dissociation  of (—)-cinchonidine. The excess carboxyl group was ex-
constant andBmax the apparent maximum number of bind- pected to convert-{)-cinchonidine to the complex species
ing sites. Estimation oKq and Bnhax were also performed  with the pre-polymers in the pre-polymerization mixture,
using the commercially available software, LIGANL®S]. allowing most of the {)-cinchonidine to be involved in the
imprinting process. Non-imprint blank polymers were iden-
tically synthesized without adding the template species, and
3. Results and discussion were compared to the corresponding MIPs for assessing the
binding property induced by the imprint effects.
3.1. Design of linear functional pre-polymer
3.2. Retention ability of the imprinted polymers
Poly(methacrylic acid) was employed as a precursor of induced by addition of the template
the pre-polymers because the methacrylic acid monomer
was known to be one of the most promising functional  The imprinted polymers were prepared using different
monomers based on the previous molecular-imprinting amounts of the template, and were assessed by chromatogra-
studies[1]. Pre-polymers were designed to possess both phy to confirm that the addition of the template was effective
carboxyl and 4-vinylbenzyl groupsFig. 1). The former for inducing affinity to the resultant cross-linked polymers.
group was expected to form complexes with the model The retention properties of seven kinds of imprinted poly-
template, £)-cinchonidine during the cross-linking process mers, IP4, IP4a—IP4e, and the blank polymer, BP4, are sum-
via hydrogen bonding and/or electrostatic interaction for marized inTable 3 All the imprinted polymers, which were
composing binding sites complementary to the template. prepared in the presence of the template, exhibited a longer
The latter was expected to engage in the cross-linking retention of the template than BP. Furthermore, the imprinted

Table 3

Assessment of retention property the imprinted polymers prepared using less amount of cross-linker

Polymer Template Template:=COOH Retention factor Selectivity
(nmol) (pre-polymer} Cinchonidine £.,) Cinchonidine &) factorkgyfkcn

BP4 0 - 0.65 0.69 0.95

IP4a 15 1:40 3.8 2.6 1.4

IP4b 30 1:20 6.6 3.2 2.1

IP4 60 1:10 8.8 3.6 24

IP4c 120 1:6.7 3.7 2.2 1.7

1P4d 240 1:5.0 2 13 15

IP4e 480 1:2.5 0.91 0.62 15

2 Molar ratio.
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polymers retained the original template;)¢cinchonidine, direct comparison may not be made because of the incon-
significantly longer than its antipode-§-cinchonine, prov- sistent conditions for the synthesis and the chromatography,
ing that the addition of the template was effective for devel- the pre-polymer-based protocol appeared to be useful for
oping selective binding sites. The longest retention and the synthesizing polymers selective for the template molecule.
highest selectivity were marked by 1P4, which was prepared  While IP4 marked the highest selectivity among the four
by employing the template and the carboxyl side chain at a MIPs, IP1 displayed a poor retention and selectivity that was
molar ratio of 1:10. This confirms the assumption that ex- comparable to the corresponding non-imprint polymer BP1.
cess carboxyl groups are necessary for imprinting the tem-Because all the imprinted polymers bear almost the same
plate. Using the smaller amounts of the template, however, density of carboxylic residues, these results can be conceived
the capacity factor of cinchonidindy, significantly de- to reflect the potency of the pre-polymers for developing
creased with reduced selectivity. This could be due to a affinity and selectivity. An apparent difference among the
smaller number of binding sites produced by the template imprinted polymers is the density of the vinylbenzyl group
and a larger number of carboxyl groups that was not engagedntroduced into the pre-polymers that is expected to partic-
in complexation with the template and may have formed ipate in the cross-linking with EDMA. It has been known
non-specific adsorption points. One the other hand, too manythat sufficient cross-linking is essential to preserve the align-
template molecules would interfere with the multiple-point ment of carboxyl groups adjusted by the molecular imprint-
interaction based complexation between the template anding procedurd17]. Therefore, the shorter retention without
the pre-polymer, which is believed to be the origin of the a significant selectivity observed in IP1 could be accounted
affinity and selectivity of the MIPs. for by the unsuccessful molecular imprinting due to a lack
of cross-linking. As seen in IP5 and IP6, however, the im-
3.3. Assessment of imprinted polymers by comparison  Printed polymers prepared with the higher density of vinyl-
with non-imprint polymers benzyl groups exhibited a shorter retention. These results
suggest that an exceedingly cross-linked polymer network

Evaluation of the cross-linked polymers, prepared using coUld cause less accessible carboxylic moieties.

different pre-polymers, was chromatographically conducted.  While th_e selec.tlwty. for £)-cinchonidine was clearly.
The retention characteristics of the imprinted polymers, observed in the imprinted polymers, the corresponding
IP1-1P6, and the non-imprint polymers, BP1-BP6, are non-imprint blank polymers exhibited no selective retention
shown inFig. 2 The imprinted polymers, IP2—IP6, showed behaviors, as shown ifig. 2 Furthermore, the capacity

a considerably long retention of the template, as comparedfactors are .con_sidelrably smaller than those marked by the
to their corresponding non-imprinted polymers, BP2-BP6, corresponding imprinted polymers. A trend can be seen such
respectively. Furthermore, the retention appeared to be sefhat the blank polymers prepared with pre-polymers bearing
lective to the template species. Selectivity factors, the ratios & lower density of vinyl groups showed a longer retention
of the capacity factor of the template to that of the antipode, ©f the template. These results support the assumption that
marked by the imprinted polymers ranges from 1.5 to 2.4. dense cross-linkable side chains in pre-polymers could re-
The (-)-cinchonidine-imprinted polymer conventionally sult in too tight a polymer network into which the substrate
prepared with the MAA monomer has recently been re- €an not easily penetrate (in the case of polymer gels pre-

ported to exhibit a separation factor of 2.[13]. Although pared with only a small amount of cross-linking agents, it
has also been reported that the increasing concentration of

the cross-links results in a decrease of the non-imprint gels’

10 3 affinity. The affinity of the imprinted gel, however, is af-
W Cinchonidine fected by the cross-link concentration in a different manner,
8 O Cinchonine 25 as compared to our highly cross-linked imprinted polymers
O Selectivity factor [18]). Thus, it is again highlighted that a compromise is
S o 2 s well made in IP4 between the rigidity for maintaining the
8 6 o 8 complementary structure and the flexibility for allowing
‘§ © o 1.5 § reversible binding of the template to the binding sites.

& 4o % Assessment of the imprinted polymers was also con-
© © 00 o 0 01T ducted in the batch mode. Saturation experiments were
2 05 conducted on IP1, IP4, IP6 and BP¥O]. Scatchard plots
' (not shown) for the imprinted polymers exhibited non-linear

profiles as commonly observed in batch tests of previous im-

0 ; . - .
IP1 IP2 IP3 IP4 IP5 IP6 BP1BP2 BP3 BP4 BP5 BP6 printed polymerd13,20], suggesting that the binding sites
Fig. 2. Retention behaviors of—{-cinchonidine-imprinted (IP) and a,re hetemgeneous in terms of aﬁmlty',ln the analysis of the
non-imprint blank (BP) polymers: filled bar, capacity factor for blndlng_data by LK_-:’AND[15]: a theoretical curve bQSEd on
(—)-cinchonidine .); blank bar, capacity factor forH)-cinchonine £.,); a two-site model fit the closest to the actual binding data,
circle, selectivity factor agg/kc,. whereas a one-site model was suited for analyzing the data
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Table 4
Dissociation constantK() and maximum number of binding siteBn(sx) of the imprinted and non-imprint polymers
Polymer High-affinity sites Low-affinity sites

Ka (M) Bmax (mol/g) Ka (M) Bmax (mol/g)
IP1 (3.96+ 0.60) x 10°® (4.47 £ 0.30) x 1076 (3.44+ 0.33)x 1074 (2.12+ 0.045)x 10°°
IP4 (2.35+ 0.69) x 1076 (4.54+ 0.63) x 1076 (1.30+ 0.22) x 104 (1.61+ 0.59) x 10°°
IP6 (4.07+ 0.71) x 1076 (6.08+ 0.51) x 1076 (2.714 0.45) x 1074 (1.76 + 0.063) x 10°°
BP4 - - (1.114 0.17) x 104 (1.38+ 0.99) x 10~

A one-site model was applied to analysis of BP4.

of BP4. This suggests that carboxylic moieties were ran- tapje 5

domly located in the blank polymers and is consistent with Assessment of affinity of the imprinted polymers prepared by cross-linking
the no selective retention by the blank polymers. The disso- PP4 with use of different amounts of the cross-linker EDMA

ciation constants{y) and the theoretical numberBy{ay) of Polymer  Capacity factor Selectivity

the high-affinity binding sites are summarizediable 4 As Cinchonidine £,  Cinchonidine k)  2Ct0"Ked/ken
expected, the imprinted polymer IP4, which exhibited the

longest retention of the template, showed the highest affinity :P(ZOO) 2'.88 32'6 i:i
to the template. Selectivity, observed in the chromatography, |p4(7s5) 11.7 43 27
was also confirmed by the difference in the affinity between 1p4(50) 15.4 4.7 33
(—)-cinchonidine and-{)-cinchonine; the dissociation con-  gp, 0.65 0.69 0.95
stant for ¢)-cinchonidine was D3x 10> M. Affinity (Kq) BP(200) 0.16 0.16 1.0
of the low-affinity binding site (130 x 10~4 M) was quite BP4(75) 1.1 1.1 1.0
similar to that of the blank polymer, suggesting that the BP4(50) 2 19 10

low-affinity binding site consisted of one carboxylic moiety.

The other imprinted polymers, IP1 and IP6, exhibited sig- 5mount used for preparing IP4, respectively. The retention

nificantly _Iower affinities, as co_mpared to IP4, which Was  nroperties of IP4(200), IP4, IP4(75) and IP4(50) are sum-
reflected in the chromatographic results. The lower affinity \,arized inTable 5 IP4(0) was chromatographically not ex-

of IP1 supports the assumption that the density of the vinyl- 5 inad because the polymer was too soft to be ground and
benzyl side chains in PP1 was not sufficient to freeze the packed in an LC column. Therefore, the dissociation con-

location of the carboxylic moieties guided by the template. giant and the theoretical number of binding sites were esti-
Although the lower affinity of IP6 is inconsistent with oted on IP4 IP4(50) and IP4(0), as summarizeEhivie 6

the parallel discussion, it can be speculated that the self-, he chromatographic results, a trend can be seen both
organized location of the carboxylic moieties could be , ihe imprinted and the non-imprint polymers that less of

strained and unsuitably immobilized by cross-links t00 6 cross-linker resulted in a longer retention of the tem-

dense. plate. This is attributed to the fact that polymers prepared
with a lower amount of the cross-linker contain more car-
3.4. Effects of cross-linker on affinity of the imprinted boxylic moieties in a unit weight, which is supported by
polymers the saturation test; the number of binding sites in 1P4(50)
is about 1.7 times greater than that of 1P4(100). Although
As discussed in the previous paragraph, the density ofthe decreasing affinity was marked by IP4(50) and 1P4(0),
cross-links was found to be crucial for developing affinity selectivity was still exhibited by IP4(50). Speculating from
and selectivity. Therefore, the amount of the cross-linker was the results of the saturation test, IP4(0) could be as selec-
examined. Imprinted polymers, IP4(200), IP4(75), IP4(50) tive as IP4(50). Using no cross-linker has the merit of pro-
and IP4(0), were prepared using different amounts of the ducing imprinted polymers with a high density of active
cross-linker which were 200, 75, 50 and 0% of the original sites that is required for practical applications. On the other

E:zle?ssement of retention property the imprinted polymers prepared using less amounts of the cross-linker
Polymer High-affinity sites Low-affinity sites
Ka (M) Bmax (Mol/g) Kag (M) Bmax (Mol/g)
IP4 (2.35+ 0.69) x 107 (4.544 0.63) x 1076 (1.30+ 0.22) x 104 (1.61+ 0.59) x 105
IP4(50) (6.11% 1.62) x 107 (7.81+ 1.19) x 1076 (4.544 0.91) x 1074 (5.16 + 0.30) x 10°°

IP4(0) (6.45+ 1.01) x 107 (3.75+ 0.40) x 10°° (4.69+ 0.62) x 104 (2.22 + 0.069) x 104
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