Korean J. Chem. EndL96), 940-948 (2002)

Characteristics of Phenylalanine Imprinted Membrane
Prepared by the Wet Phase Inversion Method

Joong Kon Park and Jeong Il Seo

Department of Chemical Engineering, Kyungpook National University, Daegu 702-701, Korea
(Received 22 February 2002 « accepted 13 August)2002

Abstract—A phenylalanine imprinted membrane without a sponge layer containing macrovoids was prepared by the
wet phase inversion method. The structure of the phenylalanine imprinted membrane prepared by an in-situ implanting
procedure was denser than that of the membrane prepared by post implanting. Consecutive washings with distilled
water and acetic acid solution removed nearly all of the template molecules from the membrane prepared by the post
implanting procedure, although much of the template molecules remained in the membrane prepared by in-situ im-
planting. The removal of the template molecules from the membrane increased the population of the free COOH groups
but reduced that of the dimerized COOH groups in the membrane. A D-Phenylalanine imprinted membrane prepared
by post implanting selectively adsorbed D-phenylalanine from a racemate solution, where the adsorption selectivity
reached 4.79. A D-phenylalanine imprinted membrane prepared by in-situ implanting exhibited an inverse adsorp-
tion affinity.
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INTRODUCTION kagishi [1972]. The concept of imprinting is simple. Bacterial mi-
croorganisms are entrapped in a polymer matrix after the comple-

First introduced in 1931, the concept of molecular imprinting tion of polymerization if it is carried out in a monomer solution con-
has attracted wide interest from the beginning of the 1970s. Organitaining microorganisms. Cavities, which remain in the polymer ma-
polymers with predetermined ligand selectivities were prepared intrix after the microorganisms are removed from the polymer matrix
dependently in 1972 by Wulff and Sarhan [1972] and Klots and Taby washing or extraction, are complementary to the microorgan-
isms in shape, as shown in Fig. 1. This is similar to reports in other
research [Vulfson et al., 1997]. The polymer matrix can contain re-
cognition sites toward the bacterial microorganisms, which had been
imprinted in the polymer matrix, if there are affinity ligands to the
bacterial microorganisms in a cavity. Thus, the polymer matrix can
selectively bind microbial cells of the same species from a solution
containing various microorganisms. Although the template mole-
cule of a practical system is much smaller than a bacterial microor-
ganism, molecularly imprinted polymer contains recognition sites
which are complementary to the template molecule in both shape
and chemical functionality.

The conventional preparation of a molecularly imprinted poly-
mer (MIP) is initiated by mixing template molecules with a func-
tional monomer solution to form a template-functional monomer
complex. Next, crosslinker monomers are added to this solution.
Then, the copolymerization of the crosslinker with the functional

5 i monomer begins just after the addition of initiator [Wulff and Sar-

o A han, 1972]. Template-functional monomer complexes are surrounded

by a copolymer matrix. Functional monomers contribute to the com-

Fig. 1. Scanning electron microscopy (SEM) photograph of a cross-  position of a copolymer, and at the same time form complexes with
section of P(AN-Co-AA) membrane prepared by the Wet o yh15t6 molecules. The interactions between a template molecule

phase inversion method. Bacterial cells and the subsequent . . .

cellulose produced were included in the AN monomer solu- and functional monomer may be a covalent interaction such as ester

tion before copolymerization. The cavity, in which a bacte- O @ noncovalent interaction such as hydrogen bond and electro-

rial cell was entrapped, is also shown in the SEM photo_ static interaction rra.keUChi et al., 1996, Cheong et a]., 1998] Imprint-

graph. ing a noncovalent system is easier in comparison to a covalent sys-

tem. However, noncovalent bonding is not so strong and the popu-
To whom correspondence should be addressed. lation of the template-functional monomer complex is determined
E-mail: parkjk@knu.ac.kr by equilibrium. Thus, an excess of functional monomer is required
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to complete template-functional monomer complexation. As a result

a large fraction of functional monomer is grafted randomly in the o e
polymer matrix. The template molecules are removed from the poly: i
mer matrix by a simple extraction with acetic acid or methanol [Yo- Torsolod ¥
shikawa et al., 1999; Kobayashi et al., 1995]. Noncovalent imprint- [ = s + DAESE | ——p- * o
ing has been applied to the preparation of polymers selective to dye i
diamines, vitamins, amino acid derivatives, peptides, theophylline — Gapymerzaton DS cal solution Cagting
nucleotide base and naproxen [Kriz et al., 1997; Hedborg et al. ., mprans 1
1993]. The recognition sites, which are complementary in both shap v "':__ ,, *
and chemical functionality to the template, are now present within T —
. . . . il > AT
the polymer matrix. A molecularly imprinted polymer has the abil- a1 el — u.:”«E’F ; *.._

ity to bind selectively the imprinted enantiomer from a mixture of
racemates. It is also able to separate the template molecule froi Wasking Copguialion

substrates of a similar structure. Most of the molecularly imprinted_. . i .
. . . Fig. 2. Schematic presentation of the membrane preparation by
polymers prepared by this procedure were rigid gel matrices and the wet phase inversion method

used as solid separation media [Whitcombe et al., 1995; Mayes et 4y jn-sjtu implanting procedure (dotted line) (b) post implant-
al., 1996] in liquid chromatographies, capillary electrophoresis, affin- ing procedure (solid line).
ity-based solid-phase extraction for separations of chiral compounds
and amino acid derivatives and as artificial enzymes [Robinson and
Mosbach, 1989; Ohkubo et al., 1994]. lectivities.

Molecularly imprinted polymer membranes have some advan-
tages compared to MIP particles. Some of these include a high ca- EXPERIMENTAL
pacity due to a large surface area, faster transport of substrate mole-
cules and faster equilibrium of binding cavities. That is why a higherl. Materials
expected throughput rate has been accomplished. Molecularly im- All reagents used in this experiment were of reagent grade. The
printed polymer membranes are prepared by in-situ polymerizatiorcrosslinker acrylonitrile (AN) was a product of Yakuri (Japan), the
[Mathew-Krotz and Shea, 1996; Hong et al., 1998], dry phase imfunctional monomer acrylic acid (AA) was from Junsei (Japan),
printing [Yoshikawa et al., 1995, 1996, 1999] and the wet phase inthe porogen dimethyl sulfoxide (DMSO) was from Kanto (Japan)
version method [Kobayashi et al., 1995; Wang et al., 1996, 1997]and L-phenylalanine (L-Phe) and D-phenylalanine (D-Phe), the tem-
The in-situ polymerization is also applied to the preparation of com-plate and enantiomer, were from Sigma (USA). All reagents were
posite membranes by plasma polymerization on the alumina poroussed without further purification.
plate [Sohn et al., 2000; Kim and Jung, 2000; Kim et al., 2000].2. Membrane Preparation by Phase Inversion
When the wet phase inversion method is carried out, a crosslinker Molecularly imprinted polymer membranes were prepared by
monomer is usually copolymerized at first with a functional mono- the alternative wet phase inversion method suggested by Kobayashi
mer. Then, the copolymer is dissolved in a solvent containing tem-et al. [1995], using a “post implanting” procedure and the conven-
plate molecules. At this stage, an interaction takes place betwedional “in-situ implanting” procedure. In-situ implanted membranes
the template and functional monomers, which are already part ofvere easily prepared, as shown in Fig. 2(a), by mixing 7.51 g of AA
a copolymer. Recognition sites are formed when the thin-casted filntontaining 0.015 g of L-Phe, 30.4 g of AN and 100.5 g of DMSO.
of the copolymer solution coagulates in water and the template mofhe mixture was then copolymerized for 20 h in a nitrogen atmo-
ecules are deleted from the solid polymer by extraction. In this studysphere with an addition of 0.22 g of 2,2'-Azo-bis-isobutyronitrile
we surmise that the composition of a copolymer membrane will(AIBN) dissolved in 10 g of DMSO at 6Q. The copolymer solu-
be different from that of an MIP membrane prepared by the wetion was casted on a glass plate with a thickness qfrh2fhd co-
phase method described above if copolymerization is carried outgulated in distilled water at various temperatures. The post implant-
in a solvent solution containing crosslinker, functional monomering membranes were prepared in two steps, as shown in Fig. 2(b).
and template molecules. Additionally, the template-functional mono-A copolymer, (P(AN-co-AA)), was prepared by using the same pro-
mer complexation will form simultaneously when the crosslinker cedure above for 6 h, except without a template molecule. The co-
is copolymerized with the functional monomers. “In-situ implant- polymer solution was coagulated in distilled water and dried for a
ing” and “post-implanting” are suggested in this study. “In-situ im- week at 50C in a vacuum drying oven. For the imprinting, 0.02 g
planting” is to form a template-functional monomer complex dur- of L-Phe was added to 100 ml of DMSO solution containing 10
ing copolymerization. “Post-implanting” is to form a template-func- wt% of copolymer P(AN-co-AA). The solution was stirred for 20 h
tional monomer complex in a solvent solution containing a copoly-at 50°C. The solution was casted on a glass plate and coagulated
mer. The membranes are prepared by the alternative post-implarfier less than 5 min in distilled water. The template molecule, L-Phe,
ing method and the conventional in-situ implanting procedure, rewas removed from the gel matrix by washing it for 2 h with 5%
spectively, by using template molecules as phenylalanine. Hopeacetic acid and rinsed with distilled water. The MIP membrane was
fully, the adsorption selectivities of the MIP membranes could elu-kept in distilled water until its next use.
cidate why and how the membrane preparation procedure affect. Substrate Adsorption on the MIP Membrane
the compositions of the MIP membranes and their adsorption se- The substrate molecules were uptaken by maintaining the mem-
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branes in a 0.005 wt% L-Phe solution containing the same amountable 1. Template molecule removal percentage from L-Phe im-
of D-Phe for 20 h at 3@ with shaking at 150 rpm. The concen- planted polymer by washing with distilled water and
trations of D-Phe and L-Phe in the substrate solution were ana- acefic acid. 50 ml of L-Phe implanted polymer solution

. . . was poured and coagulated in 200 mL of distilled solu-
lyzed by HPLC (Youngin M910, Korea) with a TSKgel Enantio tion swirling in a beaker at 25°C for 10 h. Washing was

L1 column (4.6x250 cfr The eluent rate was 1 mL/min and the carried out under the same conditions. Data are the mean
absorbance of the substrate solution was monitored by a UV de- values of four experiments
tector at 254 nm. The substrate uptake was defined as the amouit
. . Washing with 0.1%

of phenylalanine adsorbed by the MIP membrane during the adsorp- Washing with distilled water
. - acetic acid
tion process. Fresh membranes were dried’& bba vacuum dry-
ing oven until the weight of the membranes reached a constant value. 1st ond 3rd 4th 5th 6th 7th 8th
The specific substrate uptake by the MIP membrane based on the (coagulation)
dry weight of the polymer was obtained. Selectivity of the mem- post 65.6 122 0 0 6.8 43 35 2.1
brane ¢) was defined ag=((Phe)temp/(Phe)iso)/([Pheltemp/[Phe] implanting
iso), where (Phe)temp and (Phe)iso are the amount of phenylalaning, -sit 41.0 10234 0 1612 0 0
(template and isomer) adsorbed in the membrane, and [Phejtemp implanting
and [Pheliso denote the concentrations in the solution after equilib-
rium was reached, respectively, as defined in the literature [Yoshi-
kawa et al., 1998]. interaction with the template molecules, L-Phe or D-Phe. A func-
4. FT-IR (Peak Intensity Ratio) tional monomer includes in itself a carboxylic group that is com-

The MIP membrane was freeze-dried for 4 -4°C to re- posed of a C=0 group and OH group, having the potential to form

move the moisture from itself. The FT-IR spectra of the MIP mem-a hydrogen bond with the L-Phe and D-Phe molecules.
brane were measured by an FT-IR spectrometer (Galaxy 7020A, The phase inversion of a copolymer is composed of two steps:
Mattson Instrument Inc., USA). To obtain the absorbance (A) of asolvent exchange between DMSO and water; and coagulation of
peak, the transmittance (tr) of a peak was transformed by the equaN segments. This process is similar to the preparation of asym-
tion A=—log(tr/100). The peak intensity ratio was defined as the metric polysulfone membranes using the dual bath method for gas
ratio of peak absorbance of a functional group to that of the CNseparation [Lee et al., 2000]. The AN segments of the copolymer,
group in a membrane as represented in the literature [Wang et aP(AN-co-AA), coagulate in a poor solvent like water, due to the
1997]. dipole interaction between CN groups [Wang et al., 1997]. After
20 h of implanting, 50 mL of copolymer solution prepared by the
RESULTS AND DISCUSSION post implanting procedure was immersed into 200 ml of distilled
water and coagulated. The amount of 65.6 wt% of the L-Phe mol-
1. Extraction of Template Molecule from the L-Phe Implanted ecule entrapped in the polymer matrix was diffused into bulk dis-
Copolymer tilled water during the coagulation step. And 12.2 wt% of the tem-
A three-dimensional ball and stick model of a crosslinker, func- plate molecule was removed from the L-Phe imprinted polymer via
tional monomer, L-Phe and D-Phe is shown in Fig. 3. The crosswashing with 200 mL of distilled water. These percentages are pre-
linker, AN, has no functional group able to conduct noncovalentsented in Table 1. Unfortunately, a successive washing with distilled
water was unable to remove additional template molecules from
. the L-Phe imprinted polymer. Even after four consecutive wash-
£y " ] ings of each batch with 200 ml of 0.1% acetic acid solution, only
= y another 16.7 wt% of the template molecules could be removed from
the L-Phe implanted polymer. L-Phe implanted polymer prepared
by using the in-situ implanting procedure coagulated and was washed
like the L-Phe implanted polymer prepared by the post implanting
’. J procedure. The total amount of template molecules, however, re-
moved by washing with distilled water and acetic acid was much
less than that of the polymer prepared by post implanting. The re-
moval of template molecules from the L-Phe implanted polymer
o after the first washing increased proportionally as the concentration
[ ‘ "g of acetic acid increased (data not shown); the value was less than 4
G

acrylonitrila Acrglic @il

wit% when washed with 10 wt% acetic acid. The L-Phe imprinted

polymer was rewashed many times with acetic acid solution. How-
ever, the total removal of template molecules remained less than

10 wt% of the L-Phe added at the beginning of the copolymeriza-

] tion step in the in-situ implanting procedure, as shown in Table 1.

- In this study, even after four washings with distilled water and an-

Fig. 3. Three dimensional ball-and-stick models of the template  other four washings with acetic acid solution, more than 30% of
molecule (D-Phe, L-Phe), acrylonitrile, and acrylic acid. the template molecules remained in the L-Phe implanted membrane
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prepared by in-situ implanting. Nonetheless, nearly all of the tem-ecules more effectively form the complexes with functional mono-
plate molecules were removed from the membrane prepared by ugaers in in-situ implanting than in post implanting. Furthermore, the
ing the post implanting procedure. This suggests that template moktructure of a copolymer matrix prepared by in-situ implanting is

Fig. 4. SEM photographs of a cross-section of the P(AN-co-AA) membrane prepared by the wet phase inversion method.
(a) prepared without a template (b) prepared by in-situ implanting with L-Phe (c) prepared by post implanting with L-&beréd) pr
by in-situ implanting with D-Phe (e) prepared by post implanting with D-Phe.
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Fig. 4. Continued.

denser than that prepared by post implanting. membrane. Moreover, the size of the microparticle grains in the
Fig. 4 shows scanning electron microscopy (SEM) photographs ofnembrane matrix prepared by post implanting is smaller than that

the cross-section of an L-Phe imprinted polymer. The photographsf the membrane prepared by in-situ implanting.

only exhibit a dense layer without finger-like macrovoids, although2. Functional Groups in the P(AN-co-AA) Membrane

the theophyliine (THO) imprinted P(AN-co-AA) membrane [Wang  The development of noncovalent interaction in the MIP mem-

et al., 1997] prepared by a similar procedure showed a thick spongérane was investigated by measuring the peak intensity of the FT-

like matrix under a dense skin layer. In this study, a glass plate walR spectra of the MIP membrane. FT-IR spectra of the polyacry-

shaken slowly in the water during the coagulation step. The polydonitrile membrane, P(AN-co-AA) membrane and L-Phe imprinted

mer membrane was shrunk quickly and the membrane came ofP(AN-co-AA) membrane prepared by in-situ implanting are in Fig.

the glass plate in 2-5 min. 5. For the polyacrylonitrile membrane, there is no peak for unoc-
The thickness of the L-phenylalanine imprinted membrane pre-cupied OH stretching of free COOH (wave number 3,52}, @h

pared by post implanting was only 3@, although the thickness  stretching of dimerized COOH (2,604, 3,217)18=0 stretching

of the THO imprinted membrane prepared by Wang et al. [1997], by(1,728 cm) and C-O stretching (1,248 gmAll of these come from

post implanting, was 6@m. The thickness of the L-Phe imprinted the functional groups of AA. Both the P(AN-co-AA) membrane

membrane prepared by in-situ implanting procedure was;0  and L-Phe imprinted P(AN-co-AA) membrane prepared by in-situ

however, much thicker than that of the post implanted membranemplanting have the peaks mentioned above. The peak intensity

This might be because the total amount of AA and AN that is addedlatios were calculated and are displayed in Table 2. There are peaks

to the DMSO solution in in-situ implanting is much greater than for functional groups, which come from AA segments, in the P(AN-

that of P(AN-co-AA) copolymer dissolved in the DMSO solution co-AA) membrane. In addition, the peak intensity ratios of C=0

in post implanting. Additionally, there is a much larger fraction of and C-O are a little smaller than those of the L-Phe imprinted P(AN-

the microvoids, which are distributed evenly in the post implantedco-AA) membrane. Additionally, as shown in Fig. 5, there is the
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Table 2. Peak intensity ratios of the FT-IR spectra of polyacrylonitrile, P(AN-co-AA) and L-Phe imprinted P(AN-co-AA) membranes
prepared by in-situ implanting. The peak intensity ratio is defined as the ratio of peak intensity of functional ligand to thaif
CN in each membrane

OH stretching: OH stretching: OH stretching: C=0 C-O
Membrane free COOH dimerized COOH dimerized COOH stretching stretching

3,522 cm 3,217 cm 2,604 cm 1,728 cm 1,248 cm

Polyacrylonitrile 0.08 0.02 0.02 0.02 0.12
P(AN-co-AA) 0.11 0.87 0.14 1.67 0.76
L-Phe imprinted P(AN-co-AA) 0.27 0.80 0.18 1.84 0.81

Phe and L-Phe have an amino group that can establish a hydrogen
bond and electrostatic interaction with the carboxyl group of a func-
tional monomer, depending on the pH of the bulk substrate solu-
tion, as shown in Fig. 3. They also have a carboxylic group that can
build a hydrogen bond with the functional monomer, AA. The in-
stantaneous three-dimensional structure of the functional group of
D-Phe is slightly different from that of L-Phe. The amino group of
D-Phe is placed near the carboxyl group, but the amino group of
L-Phe seems to be hidden by CH and placed separately from the
carboxyl group because they are isomers. This structural difference
may lead to a different yield of the template-functional monomer
complex formation in the MIP matrix. As a result, it may show dif-
, : : : . , , , , ferent template molecule specificity, depending on whether L-Phe
4000 3600 3200 2800 2400 2000 1600 1200 800 400 or D-Phe is used as the template molecule. Template-functional mon-
Wavenumber (cm™) omer complexes can be formed during copolymerization (in-situ
implanting) or during implantation after copolymerization (post im-
planting). Existence of L-Phe in the monomer solution during the
copolymerization step may change the composition of the copoly-
mer, such as the arrangement order and length of the AA and AN
segments in the copolymer chain, compared to that of the P(AN-
remarkable existence of a peak for unoccupied OH of free COOH0-AA) copolymer, which is prepared without a template molecule.
(3,522 cm) in the L-Phe imprinted P(AN-co-AA) membrane. Usu-  FT-IR spectra of L-Phe and D-Phe imprinted membranes are
ally, COOH groups of AA segments of the P(AN-co-AA) copoly- shown in Figs. 6 and 7. The peak intensity ratios calculated from
mer exist as dimers [Wang et al., 1996, 1997]. The template molthese FT-IR spectra are written in Table 3. Wang et al. [1996] re-
ecule, L-Phe, added to the AN solution at the beginning of the coported that the fraction of AA segments in the P(AN-co-AA) co-
polymerization step, seemed to interact with the functional group,polymer can be obtained by measuring the peak intensity ratio of
COOH of AA segments. Some of the COOH groups were left free
after the L-Phe was removed from the implanted copolymer matrix

Transmittance

—— Polyacrylonitrile l ,
P (AN-co-AA) !
. L-Phe imprinted P (AN-co-AA) v

Fig. 5. FT-IR spectra of the PAN, P(AN-co-AA) membrane and
L-Phe imprinted P(AN-co-AA) membrane prepared by in-
situ implanting.

at the coagulation step. The increase in the intensity ratio of the ur —— CANTW
occupied OH group implies the possihility of recognition site for- o g;gm

mation in the L-Phe implanted copolymer membrane. The increase
in other peak intensity ratios may come from some remaining tem
plate molecules in the membrane matrix after the coagulation ste
or from the change of AA segments in the P(AN-co-AA) chain.
These might be caused by the existence of L-Phe in the monom;
solution during the copolymerization step.
3. Recognition Site Formation in the Phenylalanine Imprinted
Membrane

On the consideration of the Ac-D-Trp imprinted membrane, which
was prepared by the dry phase imprinting method involving tet-
rapeptide derivatives as chiral-recognition sites, nothing has selec . , . . . . . . ,
tivity toward amino acids although the Ac-L-Trp imprinted mem- 4000 3600 3200 2800 2400 2000 1600 1200 800 400

ittance

Transm

brane adsorbed selectively the target amino acid [Yoshikawa et al , Wavenumber (cm’)

1998]. Thu§, the 'Fhree-dimensiongl structures of D-Phe and L-Phejg 6. FT-IR spectra of the L-Phe imprinted membrane.

need to be investigated to determine why and how the molecularly (a) prepared without template (b) prepared by in-situ implant-
imprinted membrane contains effective recognition sites. Both D- ing procedure (c) prepared by post implanting procedure.

Korean J. Chem. Eng.(Vol. 19, No. 6)
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— CINTW As shown in Fig. 7, the FT-IR spectra of the D-Phe imprinted
‘ gglm membrane prepared by post implanting also have a C=0 (amide)
- group peak at 1,650 cnintensity ratios of all peaks for the D-Phe

imprinted membrane prepared by post implanting are larger than
those of the L-Phe imprinted membrane prepared by in-situ im-
planting, as shown in Table 3. The FT-IR spectra of the D-Phe im-
printed membrane prepared by in-situ implanting, however, is much
different from that of the D-Phe imprinted membrane prepared by
post implanting. The dimerized COOH group and free COOH group
exhibit strong intensities in the FT-IR spectra of the D-Phe imprinted
membrane prepared by in-situ implanting. This can be explained
by the strong coupling reaction between the D-Phe amino group
. , , , . , , , , and AA carboxyl group, which occurred during the copolymeriza-

4000 3600 3200 2800 2400 2000 1600 1200 800 400 tion step. A strong peak of the C=0 (amide) group formed by the

Wavenumber (cm™) coupling reaction appears at 1,650 amthe FT-IR spectra of the

Fig. 7. FT-IR spectra of the D-Phe imprinted membrane. P-Phg imprinted membrane prepared by in-situ implanting. The
(a) prepared without template (b) prepared by in-situ implant- iINtensity ratios of all peaks except that of C=0 (from AA) are much

ing procedure (c) prepared by post implanting procedure. higher than those of the L-Phe imprinted polymer prepared by in-
situ implanting. The weak intensity ratio of C=0 could be the un-

known complex interaction between COOH groups.
C=0 stretching to CN stretching. The peak intensity ratio of C=0 The difference in implanting order of the wet phase inversion meth-
stretching in the L-Phe implanted membrane prepared by in-situod used to prepare the phenylalanine imprinted membrane changed
implanting is 1.67. This value is a little higher than the 1.36 for thethe specific dry weight of the membrane, as shown in Table 4. The
P(AN-co-AA) membrane prepared without a THO template. It is specific dry weights of the L-Phe and D-Phe imprinted membranes
also higher than the 1.41 for the THO imprinted P(AN-co-AA) mem- prepared by in-situ implanting were heavier than those of the post
brane [Wang et al., 1996]. In the previous section, it was explainedmplanting procedure. The D-Phe imprinted membrane prepared
that washing the L-Phe implanted membrane with acetic acid andby in-situ implanting also had a much heavier weight than that of
water reduces the population of the dimerized COOH groups, buthe L-Phe imprinted membrane. This depends on the membrane
increases that of the free COOH groups. This is verified by the FTstructure, as shown in Fig. 4. The thicknesses of the membranes
IR spectra in Fig. 6. However, Table 3 shows that all of the pealprepared by in-situ implanting were |#®, while the membranes
intensity ratios of OH stretching (3,522, 3,217, 2,603 c@=0 prepared by post implanting were|88, regardless of the kind of
stretching (1,728 cihand CO stretching (1,248 ywhich come  template. For the post implanting procedure, the D-Phe imprinted
from the AA carboxyl group in the L-Phe imprinted membrane pre-membrane had a much larger void fraction in the polymer matrix
pared by the post implanting procedure, are higher than those in thban the L-Phe imprinted membrane, although the particle size in
L-Phe imprinted membrane prepared by the in-situ implanting pro-the D-Phe imprinted membrane was larger than that of the L-Phe
cedure. This may be caused by the coupling reaction [Lee, 2000mprinted membrane. In terms of gas separation, the ranking of per-
between the L-Phe amino group and AA carboxyl group in the Pmeability coefficients correlates well with fractional free volume
(AN-co-AA) copolymer that occurred during implantation in the [Kim et al., 1999]. In addition, porous inorganic membranes are
DMSO solution containing the 10 wt% P(AN-co-AA) and template made by impregnating metals, so a palladium impregnated porous
molecule, L-Phe. In Fig. 6, the C=0 (amide) group peak formedmembrane exhibits excellent hydrogen permeability [So et al., 1999;
by the coupling reaction is at 1,650dmthe FT-IR spectra of the  Jung et al., 1999]. For in-situ implanting, the D-Phe imprinted mem-
L-Phe imprinted membrane prepared by post implanting. Howeverbrane is denser than the L-Phe imprinted membrane. This might
there is a weak C=0 (amide) group peak in the FT-IR spectra obe because of the strong coupling reaction between D-Phe and AA
the L-Phe imprinted membrane prepared by in-situ implanting. during copolymerization of AN with AA.

Transmittance

Table 3. Template implanting influence on the peak intensity ratio of functional ligands in the MIP membrane washed for 2 h witlte:
tic acid and for 10 h with distilled water. Abbreviations for the membranes include: L; L-Phe imprinted membrane, D; D-Phe
imprinted membrane, [; in-situ implanting and P; post implanting

Peak intensity ratio
Membrane OH stretching: free OH stretching: dimerized OH stretching: dimerized C=0 stretching C-O stretching

COOH 3,522 cm COOH 3,217 cm COOH 2,604 cm 1,728 cm 1,248 cm
LI 0.53 0.57 0.19 1.67 0.69
LP 0.61 0.70 0.24 2.13 0.83
DI 0.75 0.85 0.21 1.30 0.97
DP 0.52 0.71 0.21 2.34 0.83
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Table 4.

Characteristics of Phenylalanine Imprinted Membrane Prepared by the Wet Phase Inversion Method

Specific dry weight of the phenylalanine imprinted mem-
brane. Copolymer solution was casted by a film applica-
tor with a slit of 120 um in height. Data are the mean
values of three experiments. Abbreviations for the mem-
branes include: L; L-Phe imprinted membrane, D; D-
Phe imprinted membrane, |; in-situ implanting and P;
post implanting

of the THO imprinted membrane toward the template molecule was
only 3.9 in the THO and 2-hydroxyethyltheophylline (HETHO)
mixture, although the adsorption selectivity toward THO was 52
in a THO and caffeine (CAF) mixture. HETHO contains a hydro-
xyethyl group and CAF has no group capable of hydrogen bond-
ing [Wang et al., 1997]. The interesting point is that the adsorption

947

selectivity of the D-Phe imprinted membrane prepared by in-situ
implanting is only 0.42. This value, less than 1, indicates that a much
greater amount of the other isomer, L-Phe, was adsorbed into the
membrane instead of the template molecule, D-Phe. This phenom-
4. Adsorption Selectivity of the Phenylalanine Imprinted Mem- enon is explained partly by the fact that much of D-Phe, which was
brane added to the monomer solution hoping that all of it would be im-
The addition of a template molecule, either L-Phe or D-Phe, intoprinted in the copolymer of P(AN-co-AA), was coupled to the poly-
the DMSO solution containing the P(AN-co-AA) copolymer induced mer chain during the copolymerization step. The phenylalanine im-
a coupling reaction between the phenylalanine amino group and therinted membrane prepared by in-situ implanting had consistent
AA segment carboxyl group in the P(AN-co-AA). Thus, an amide results with inverse adsorption selectivity. However, what causes
group, which can build a hydrogen bond with a template moleculethis appearance still remains a mystery. For it to be fully under-
was formed in the phenylalanine imprinted membrane without astood, detailed research must be verified. The adsorption selectiv-
reduction in the number of carboxyl groups in the copolymer chainity value of the L-Phe imprinted membrane is smaller than that of
Furthermore, a strong coupling reaction occurred between D-Phéhe D-Phe imprinted membrane. The higher adsorption selectivity
and AA during copolymerization, which formed many more amide of the D-Phe imprinted membrane may be caused by the three-di-
groups in the D-Phe imprinted membrane prepared by in-situ immensional structure of D-Phe, which is different from the isomer,
planting. However, only a weak coupling reaction occurred betweeri-Phe. The functional groups in the recognition sites of the D-Phe
L-Phe and AA during copolymerization. We cannot confirm from imprinted polymer interact more strongly with the template mole-
this information that the recognition sites are well formed. cule in the solution compared to the L-Phe imprinted membrane.
The D-Phe imprinted membrane had no ability to adsorb selecThe L-Phe imprinted membrane prepared by in-situ implanting ex-
tively D-Phe from the isomer L-Phe after being washed only with hibited an inverse affinity; that is, selectivity was toward the other
distilled water. However, a successive washing with acetic acid enisomer even though the adsorption selectivity is close to 1. This result
abled the imprinted membrane to selectively adsorb the templatpartially coincides with a report that (GEOCO-L-tryptophane
molecule from the racemate solution. As shown in Table 5, the ad{Boc-L-Trp) imprinted membrane prepared by the dry phase imprint-
sorption selectivity of the D-Phe imprinted membrane prepared bying method has no permselectivity toward L-Trp [Yoshikawa et al.,
post implanting is 4.79, much higher than any other amino acid im1995].
printed membrane. This adsorption selectivity is very high com-
pared to those of the amino acid derivative imprinted membrane
containing peptide derivatives as recognition sites prepared by the
dry phase imprinting method [Yoshikawa et al., 1995, 1996, 1997, A dense symmetric phenylalanine-imprinted membrane with-
1998, 1999]. Wang et al. [1997] prepared a THO imprinted mem-out finger-like macrovoids can be produced by using the wet phase
brane by the phase inversion method. The adsorption selectivitinversion method. The structure of the membrane prepared by in-
situ implanting is more compact than that prepared by post implant-
ing. There is also a much larger fraction of the evenly distributed
microvoids in the post implanted membrane. In addition, the size

LP
9.3

Dl
23.8

DP
8.8

Membrane LI
mg dry wt/cmi 19.0

CONCLUSION

Table 5. Adsorption selectivity of the phenylalanine imprinted
membrane. Adsorption was carried out by immersing

1 g of membrane in a 100 mL solution containing 0.5 mg
L-Phe and 0.5 mg D-Phe and maintaining it for 24 h at
30°C with shaking at 150 rpm. Data are the mean values
of four experiments. Abbreviations for the membranes
include; L; L-Phe imprinted membrane, D; D-Phe im-
printed membrane, |; in-situ implanting and P; post im-
planting

mg uptaken phenylalanine

of the microparticle grains in the membrane matrix prepared by post
implanting is smaller than that of the membrane prepared by in-
situ implanting. The difference in membrane structure seems to affect
the degree of template removal from the membrane matrix during
the washing step. Nearly all of the template molecules are removed
from the membrane prepared by the post implanting procedure after
consecutive washings with distilled water and acetic acid solution.
However, many of the template molecules remain in the membrane

Membrane /g membrane Selectivity, prepared by in-situ implanting even after many washings. The re-

L-Phe D-Phe a moval of template molecules from the membrane by washing with

acetic acid solution reduces the population of the dimerized COOH

Ll 0.98 1.05 0.93 group, but increases that of the free COOH group in the mem-

LP 1.03 0.94 1.09 brane matrix, which is responsible for the adsorption of the tem-

DI 0.15 0.08 0.42 plate molecules. The adsorption selectivity of the D-Phe imprinted
DP* 0.05 0.21 4.79

*initial concentration of L-Phe, D-Phe: 5 mg/L each.

membrane prepared by post implanting is much higher than that of
the D-Phe or L-Phe implanted membrane prepared by in-situ im-
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planting. The D-Phe implanted membrane prepared by in-situ im-  Analogue;J. Mol. Catal, 87, L21 (1994).
planting contains several amide groups formed by a strong couRobinson, D. K. and Mosbach, K., “Imprinting of a Transition State An-
pling reaction between D-Phe and AA during copolymerization. The alogue Leads to a Polymer Exhibiting Esterolytic ActivityChem.
D-Phe imprinted membrane prepared by in-situ implanting shows Soc, Chem. Commuyil4, 969 (1989).
consistent inverse adsorption selectivity. More detailed research iSo, J. H., Yoon, K. Y,, Yang, S. M. and Park, S. B., “Preparations of Metal
now underway in our laboratory to explain clearly this inverse se- Impregnated Porous Inorganic Membranes for Hydrogen separa-
lectivity. tion by Multi-step Pore Modificationgorean J. Chem. End6,
180 (1999).
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