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2. HEAE

21 1,12-FFH V0 2H—I-0,0-C 7 2 =)Lk XK B (DDDPA) D&k
EERRTT, BEBEY) Y2 80ml & L7z =2k AR U 56.154 g (0.288 mol)
EWLK THF 60 ml DRAEIIC, 112-F7H ¥ U4 =)L 24.281g (0.120 mol) & iZIE:
THF 100ml ORAEIR A KGR T K 1M T T L7z, 2 WAL 721, AN & (i
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Fig. 1 Synthesis of the Functional Monomer DDDPA

2.2 FEERNOAUE
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2.4 EHZELE (Job Ostmisslensky DAET))

0.5 mol/m3 D Zn A & Y IKEH, Zn A4 23 A > TV W LIYMIFE U LS D A,
DDDPA B2 05 mol/m3 @ 2:1 Y ¥y Ey - VT UM, L0 DDDPA %
BEnwv2; 1 e E s PV EIEE M L7 AT O SRR IE & A7 I
? DDDPA iREDFIAT 0.5 mol/m3 127 A L )12, FNENDREOE S 2L S, Sk
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AIL-7NVE I EEIFLAL)ER—L8 015 g (FHEMLIET 3 mol/m3) 2 ML
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Fig. 2 Schematic Illustration of
Surface Template Polymerization with W/O Emulsion
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mol/m? CH3COOH — 100 mol/m? ClI3COONa) T pIl & 3.0 (Z#%5 L 72 10 mol/m3 Zn 1+
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am) ZRVWTHBL, AEFO Zn BL U Cu 1 A4 Y iBEZIETROEEERHI L » Tid i
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FOEEA T VIBEN RS AL ED pH) 2L THHITAZ LN TE S, £/ Ui
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T&H %A DDDPA TIIH 1.7 TH A, Thbb, FAKVEEL2OTAILIZL ST, I
[EIEBE SR REAS IR L7 2 & 127 B,
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Fig. 3 Relation betweeen Interfacial Tension and concentration
of DDDPA

Table 1 Interfacial Adsorption Equilibrium Constant Kad

functional monomer Kad (m3/ mol)
D2EHPA 2.06
DOLPA 48.4
DDDPA 227.1
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3.2 Zn-DDDPA $EDREE

G R EE S W7ot €/ < — ORMIREEA N5 70012, F M TOR KO
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Fig.4 Relation between pH and Distirbution Ratio
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3.3 SEBUBIIED Zn A A L REEEES

DDDPA ZHREMEE/ ~— & L7z Zn SERUBHIRD Zn 1 ¥ RERAE)) R GEMIT A 72012,
In BEU Cul A Y HRETIZBUA Zn 1 4 WS HERME L (Fig.7) o WA 4> &1
W2 pH 23T 512200 T, MEELWENLTWAEL00, SBHSTFTHDL Zn 1 F > D))
B, EEMIZEIREWEE L TWAI e bhd, EC_EZ LD, pH 3.0 (FETHE4
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(MU AEMEAL) (@ LB A L) ICBIE LICEE(L SN0 THh b, THD
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—F, BESHHIEICIBCT, Zn BL O Cud F VIFETICBIT S Zn 4 A ke 2 e
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720 EHEFITIZ, DDDPA OEE Y 7 4 —HYK & W/, DDDPA 75 Cu A A > & DECN#f
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Fig. 7 pH Dependence in the Adsorption of Zinc ( @ ) and Copper ( O ) Ions with a
Zn-Imprinted Resin Using DDDPA
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Fig. 8 pH Dependence in the Solvent Extraction of Zinc ( @ ) and
Copper ( O ) Ions Using DDDPA

;Ig

=

PRAEME /v — L LTHRAR RIS 2 23 2DDDPA 2 WA LIZL-T, 2 i
In A4 v e SIS T AR T A ENTE L, & B ISR T4 Tl

U TESELZ LT A0, LTOEIZOWTHRFT L TWICTETH A,

(1) 3MDEEA 4 > 2HHT 2N T b, JRIOMEAHNEE 2R LT A 4 > 1&, 5
IR PR DT REPE A 5 ECIEF IZBRIEVN TR TH 5,

(2) ST A POMGEZMS AT A 7201, $KRICHET AEMmEED S, BIRINIZ
IX, NMR % FABMS IZ& BMllEX FEL TV,

(3) FHE LE=MFEEZFMLC, HR 2 MoELEEEE /v — 2 ER T 500
HE2ED,

(4) FUESERSINGE %, AMNSEYE, 72T b O HEATIER ISR Z e Bk 43 12

BRI 5,

-181-



SE

1) G. Wullf and A. Sarahan, Angrew. Chem. Int. Ed., 11, 341-341 ( 1972)
2) G. Wulff, Angrew. Chem. Int. Ed., 34, 1812-1832 ( 1995)
3) K. Mosbach, TECHNIQUES, 9-14 ( 1994 )

4) K. Tsukagoshi, K. Y. Yu, M. Maeda and M. Takagi, Bull. Chem. Soc. Jpn., 66,
114-120 (1993 )

5) K. Uezu, H. Nakamura, M. Goto, M. Murata, M. Maeda, M.Takagi and F. Nakashio,
J. Chem. Eng. Jpn, 27, 436-438 ( 1994 )

6) M. Yoshida, K. Uezu, M. Goto and F. Nakashio, J. Chem. Eng. Jpn, 29,
174-176 ( 1994)

7) H.Irving and T. B. Prierce, J. Chem. Soc., 2565 ( 1959 )

8) Goto, M., M. Matsumoto, K. Kondo and F. Nakashio, J. Chem. Eng. Jpn, 20,
157-164 (11987)

-182-



Metal Ion-Imprinted Resins for Recovery of Metals from Seawater with a
Novel Bifunctional Monomer by Surface Template Polymerization

Fumiyuki Nakashio and Kazuya Uezu

Department of Chemical Science and Technology, Kyushu University

Summary

One of the promising approaches to create molecular-recognizing materials is
"molecular imprinting" method. The new methodology does not require a precise molecular
design and multi-step procedures to construct highly-selective polymers. In the technique,
imprint molecules are bound to functional monomers in matrix-forming monomers. The
monomers are then polymerized under the conditions that lead to a formation of a highly
cross-linked matrix with chains in a fixed arrangement. Removal of the imprint molecules
leaves behind cavities, whose sturucture and arrangement of the functional monomers are
predetermined by the chemical nature of the template. We found that the interfacial activity
of functional monomers is a dominant factor to succeed in preparing imprinted resins. It is
also important to fix the recognition sites rigidly and to create high interactions between the
functional monomers and imprint molecules.

In the present study we have designed [,12-dodecanediol-O,0'-diphenyl phosphonic
acid having two functional groups in the molecular structure as a recognition monomer, and
prepared a highly-selective metal ion resin by surface template polymerization with a W/O
emulsion. The separation of zinc and copper ions with the resins was conducted, and the
template effect was characterized by comparing with that in ordinary solvent extraction for
the metal ions. In the solvent extraction system an effective selectivity was not observed
compared with that of the imprinted resins. Because the functional monomers ( extractants )
in the solvent extraction can take both the tetrahedral configuration for zinc ions and the
planer configuration for copper ions due to the high mobility in the organic solvent, the
selectivity to the ions only depends on the stability of the complex between the extractants
and the ions. In contrast the functional monomers on Zn-imprinted resins are fixed in the
tetrahedral configuration, therefore the ability in recognizing zinc ions is considered to be
extremely high.

The imprinted resin exhibits a tremendously high selectivity between zinc and
copper ions. It is concluded that the bifunctional monomer enables recognition sites to be
rigid. Surface template polymerization will be to an ideal method to construct new

molecular-recognizing materials for various water-soluble substances.
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