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Crown Ether-Mediated Enantioselective Transport of
Amino Acid across Plasticized Polymeric Membranes

Toshio Shinbo, Toshiyuki Kanamori, Keiichi Ogasawara, Akihiro Yamasaki,
Takashi Iwatsubo, Toshio Masuoka, and Tomohiko Yamaguchi

National Institute of Materials and Chemical Research, Tsukuba. Ibaraki, 305 Japan

Abstract: The enantioselective transport of DL-phenylalanine across a polymeric membrane plasticized with o-ni-
trophenyl octyl ether and containing a chiral crown ether was investigated. The transport behavior was dependent
on the type of polymers. Poly (vinyl chloride) gave an excellent membrane keeping both fluxes and optical resolu-
tion ratio constant for a long time. A plasticized cellulose triacetate membrane initially showed a high optical re-
solution ratio, which was decreased rapidly and approached a steady value of about 7. This value was approx-
imately equal to those obtained with poly (vinyl chloride} membranes and supported liquid membranes. On the
other hand, a plasticized cellulose nitrate membrane gave a small optical resolution ratio of less than 4 after an in-

itial rapid decrease. The experimental results obtained with membranes of various thicknesses showed that the

rate-determining step of the transport was the diffusion in the membranes.
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Fig. 1 Time courses of concentrations of phenylalanine
enantiomers and optical resolution ratio for plasticized
poly (vinyl chloride) membrane containing 50 mM (R)-1:
Composition of membrane, poly (vinyl chloride): ONPOE
=1: 1.6; membrane thickness, 89 #m. (O), D-Phe in the
receiving phase; (@), L-Phe in the receiving phase; (&),
concentration ratio of D-Phe to L-Phe in the receiving

phase.
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Table 1 Fluxes and Optical Resolution Ratios for Plasticized Polymeric Membranes
Containing 50 mM (R)-1

Polymer : ONPOE o " FluxX10°(mol cm 2 h™) ot
Polymer (wt.ratio) thickness 3 I (a)
(#m)
Poly(vinyl chloride) 1:1 52 10.2 1.55 6.6
1:1 97 5.37 0.790 6.8
1:1 243 2.30 0.344 6.7
1:1.6 89 38.6 5.00 7.7
1:2 73 76.5 10.2 7.5
1:2 152 36.0 4.60 7.8
Cellulose triacetate 1:1.6 31 138 19.0 7.3
1:1.6 47 99.3 14.1 7.0
1:1.6 95 48.6 6.85 7.1
Cellulose nitrate 1:1.6 96 11.3 3.61 3.1
1:1.6 48 16.7 6.00 2.8
1:3.1 33 134 37.9 3.5
4 40 30

0 50 100 150 200 250 300
Membrane Thickness /10°m

Fig. 2 Plots of reciprocals of fluxes against membrane
thickness: Composition of membrane, poly (vinyl chior-
ide): ONPOE=1: 1, (O), D-Phe; (@), L-Phe.
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Fig. 3 Time courses of concentrations of phenylalanine
enantiomers and optical resolution ratio for plasticized
cellulose triacetate membrane containing 50 mM (R)-1:
Composition of membrane, cellulose triacetate: ONPOE =
1: 1.6: membrane thickness, 56 # m. (O). D-Phe in the re-
ceiving phase; (@). L-Phe in the receiving phase; (D),
concentration ratio of D-Phe to L-Phe in the receiving

phase.
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Fig. 4 Long-term stability of plasticized cellulose triace-

tate membrane in continuous flowing system: Composi-
tion of membrane, cellulose triacetate: ONPOE = 1: 1.6;
membrane thickness, 82 # m. Flow rate: source phase,
7.8 mL/h; receiving phase, 7.2 mL/h. (O), b-Phe in the
receiving phase; (@), L-Phe in the receiving phase; (&),
concentration ratio of D-Phe to L-Phe in the receiving

phase.
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Fig. 5 Time courses of concentrations of phenylalanine
enantiomers and optical resolution ratio for plasticized
cellulose triacetate membrane containing 50 mM (S)-1:
Composition of membrane, cellulose triacetate: ONPOE =
1: 1.6; membrane thickness, 54 #m. (O), D-Phe in the re-
ceiving phase; (@), L-Phe in the receiving phase; (D),
concentration ratio of L-Phe to D-Phe in the receiving

phase.
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Fig. 6 Time courses of concentrations of phenylalanine
enantiomers and optical resolution ratio for plasticized
cellulose nitrate membrane containing 50 mM (R)-1: Com-
position of membrane, cellulose nitrate: ONPOE = 1: 16;
membrane thickness, 101 # m. (O), D-Phe in the receiv-
ing phase; (@), L-Phe in the receiving phase; (&), concen-

tration ratio of D-Phe to L-Phe in the receiving phase,
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