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T AWM ER YT A, BTV VIRTY FU LA Z KT D8O
BEEETHZ LR RVH Lz, 20 HEEERMEAIZEEEES T & LTRSS L
R = —RERNI. BT AVHVIETY) F T LA L ORERFERTH - 7,

DLED#ERLY, 7oFr2E0Lp —UF b2 AV Z#EeEREAICIZ) FU LA
TN T B VREFENEFEIND, HE, BxOEH/NV— MITERFTH D,
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2. BrFEAIE
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AFRETIE., VFTLQUHAINATaER0BEREFENE L, FTRICEETAVINVEEZF
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( functional molecule

aqueous phase

1. Formation of W/O emulsion 2. Complexation and polymerization

3. Grinding and removing of guest ions

Fig.1 Schematic illustration of surface template polymerization with W/O emulsion

ELRBVFULAFVRBEOALZBEELT, 7vREAL-V7 P THD L1122-
pentafluoro-3,5-hexadecanedione (C,pFRDK)% Scheme 1 (ZHEVVEELL7z, BEMIOEERERIT, IR
(neat), 'HNMR (CDCL). “CNMR (CDCl), E&5#Hr LUSTROITICL V1T 7,

?I) NaH [l Il
H3C(CHp) 19 — C— CHz + FsCp™ C— OCzHs ————— > FC,mC\ ., C(CHz)10CH3
in dry cyclohexane CH,
2-Tridecanone Ethylpentafluoro- 1,1,1,2,2-pentafluoro-
propionate 3,5-hexadecanedione

Scheme 1. Synthesis of 1,1,1,2,2-pentafluoro-3,5-hexadecanedione (C;;pFBDK)
22 THEREMERRHIAY 15-phenyl-13,15-dioxopentadecyldipheny] phosphinate (PhBDK-Cio-DPhP) DEFL,

BRBEICE>TY FULEHET 5 LN T BRETNVINEELHT S 8-V bR
#| C,,PhpDK & ER{baR 2 7 ¢ A Trioctylphosphine oxide(TOPO) & D& R HIFI DFER(3]
b, -4 P URHEEID B-P4 b BB LA R T 4 VRBEFIDF R T 4 A F Y FiE
A bR E O AR A 15-phenyl-13,15-dioxopentadecyldipheny] phosphinate (PhRDK-Ci,-
DPhP)& 7 YA ¥ Lic, £Z T, Scheme 2 (TART MR/ — MRES THAR MR A DB
EITH T L ZETEILT,

AEHEETEIZ 4 0DBEDP DD, T72DD. (1)11-Bromo-l-undecanol 2 D Uk, ()
INAZVEBHRB-VT AR 6 DERL. Q)Y INTFRVBRB-VT N 6 OB DML, B
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Co-DPhP 1 OREEFENTIL. IRGKRAIL neat, E {413 KBr), 'HNMR(CDCls), Bc NMR(CDCl;), FAB-MS
EOTTELITIC L VITo7,
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Ph—P—Cl
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on o Bu4NF )
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Ph (CH) 120 _]F]"‘Ph ﬁ M(CHZ),ZOH ﬁ M(CHZ)HO —5]"—?—'@"3 j
0 CHy CHs
1 6 D

e A VAN
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C|H3 <|:H3 A ’|3H3 <|3H3
BH(CHp)y; 0 —§—C—CHs % Br(CH)11 OH 4 HiC —f'—sli— cl
CHy CHs 2 CHg CH3
4 J 3

Scheme 2. Retro-synthesis of 15-phenyl-13,15-dioxopentadecyldiphenyl phosphinate
(PhBDK-Ci,-DPhP)

23 iHHFESER
UF o hldy LT AIHEAIE LTRAWET vEESR -V by, THEERED LEED
B IO F DS FHEES Fig2 1[O7 T,

9 ﬁ ?us

R—CL _ C(CH2)10CHa 0= P—CsH17
CHz2 l
' CsH17
1,1,1,2,2-pentafluoro-3,5-hexadecanedione =—CoFs
(€41pFBDK) Trioctylphosphine oxide (TOPO)

1-phenyl-1,3-hexadecanedione (C{4Ph 8 DK) R:—@

i

@‘ N /@—(GHz)m O?‘@
O

15-phenyl-13,15-dioxopentadecyldipheny! phosphinate (Ph 8 DK-C4,-DPhP)

CHz

Fig2 Molecular structures of extractants used in this work
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B LG, ABRTA—F L LT MM+E AW TITbI, £ ~7 ¥ U IKREAR5AX25AX
S0A)DREOHLENC, JF U LEEOREEHELZRE L TIEREBEZRE Lz, KL, ~7
& KRB NP OB F 2FRIZ LT, MMHIE W ROFELEMEE L7, 1f FIRET 50ps @
DFERIIEREETT 2T,
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SERAYTFr= U MABN)ERV L, ey s VEREARIE LT, A A EREEE
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LT RVTY 10ml 2MA T, ZHEAEEEGm)E Lz, o, FHEN1~3) OREITHE
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AABE Liz,

NG, 2 BEOEREREA L, FEVFA F—2AWT 4 SHEEEREQ400pm) 5 Z &I
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W ABBEOERAR) v —FRE L, ThbORY v —EANTOREZERIIRNY ~—HRME
BIS Y FIEIC Lo TiTo e FRENOSRAR ) < —% 0.1g FEFL, 0.IM U BRTKRD )
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27 CupFBDK & TOPO ZH&EEMATF & LTAWZY F U 28R LD ) Fy Ar v e T b
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7 vEEH B -V b CypFRDK & EFHE Y AbEH TOPO DEEHMHANZL D) FU 4
A Z > OHER L pH DBIRE Fig3 IO T, Fig3 (IR &£ 18, PHEMI CTEVHHEAEL N,
pHS THY 100% DA ER Shi, —F, C,PhgDK & TOPO DIREFIHAINSE S, pHIL B&
T 12,5 FHEDHHEAFILENR 50 %BL 90 % Thoiz, B—V7 h~BEKEHEDOKE
WT oEREATAILICL ST, UF VA AR M ESED T ERTRETH - T,

100

Extractability [%]
w ~
(@] w

N
w
T

O 0 | |

2.5 5 7.5 10 12.5
pH
Fig 3 Effect of pH on extraction of Li(I) ion with Cy,pFPDK and TOPO

F70. THEEEMEHA PhADK-C,-DPhP 13X, & pH fEIETU FV LA F L DM FRETH D |
pHI13 7 THIHER 36% Tih o 7c,

UILEDRERLY . —HEEMERAAID 8 — V47 b UEIGEVERED 7 v R & D HERIED
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KEHERT D TOPO DT VFAERNTE AABFITHFEL, U T U LOKMKBLUANNVT VA
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EFI O E R LB w2 ERE S L T<ND DO LET 2,

Organic phase

Water phase

Fig.4 Molecular dynamics simulation of adsorption of Li*-C;;pFRDK (R)-TOPO complex

33 RESREAHEIC L3R v —WERIC L B U FU oA F 2 ORERFHE
331 B—U b LAY ALEMERWER Y < —REA

Fig.s |CHsBEMESS F & LT CypFBDK & TOPO, CypFBDK D%, TOPO DHEMNZ Y F U Lk
IR = —. X BT, HEESTERNTVWRNWY FULAFRR) v —lLib ) FULa/ 4D
B b T pH OBIE AT, Figs IORT L 5IZ. CupFBDK & TOPO &HREMEsS T & L TRV
7 U T MERR Y =8 ) F U b A ERET HOIK L, CyupFBDK D%, TOPO DZ4-Z
BEMESTFE LTHWE D FULFRIRY < —B L OB FERV TRV T 7 LEEERIR Y
< HIF E AL Y F AL AU REE L2 o7, CyPhBDK-TOPO R[5]LFIFRIC, R ~—=RE
iz CLpFBDK & TOPO MERiz L7z V) F 7 LeklExEET 52 LIC&oTh, MHERICL T
Fes Sinjz CpRBDK-TOPO RN BFEZIRAFER LTc,

Fig6 ICHEREMES T L LTT vREH -4 by CupFpDK 7237 vy REBRL TV B -
4 Ry CyPHBDK & TOPO #AWTHE L 2fBED ) FULFURY v —ICL 2 ) FULAA
VO EE L T pH OBSRATT, Fig6 \RT & 91, CupFRDK & TOPO ZH#EMEDT& LT
Ve U F o s8R Y = —, CiPhDK & TOPO ZHgEtEsSF& LTRWEY FU LAFRR Y
< —[5]& 0 bIE pH BRICKNTY F UL AV ERE LIS, 31 TRLEE Sz, 7vRRFE
5{E&7% Li- CupFBDK & TOPO MIBAHMHFIIFMEMMATY Fv AZMHT DI LT, 7
YEEFHEE LR CuPhDK & TOPO MIEAHEAITE pH IR TY 7V LD THETS
S, TOYF U AL T L OHUERIGDEN, Zhb 2BEDY TV LFERD ~—lc&D
UF 7 hA F L ORERBIEICEEZRIEL TV A HDEEZOND,

-73-



13 I 15 3

q [umol/g]

4 5 6 7 8 9 10 11 12 13
pH
Fig.5 Adsorption behavior of Li(T) ion with the Li(T)-imprinted polymers prepared with C,;pFRDK and TOPO
(O), CipFRDK (), TOPO (£), and without functional molecules (1)
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Fig.6 Effect of pH on adsorption of Li(I) ion with the Li(T)-imprinted polymers prepared with C;pFRDK and
TOPO (O), C;yPhDK and TOPO [5] (1) or PhRDK-C,,-DPhP ()

BB F & LT CupFBDK & TOPO ZAWTHRB L7 F U AR Y v— L AR <
=LV F T AT OREEL T pH OBRE Fig7 IR T, Fig7 IAT LI, &R
DU FU LA FTVREENRKEDSToTeD, ETFOSFHRIRERTE T2,

CupFBDK & TOPO z#EElESF& LTAWTHRE L) FULFERY v —IZX2 U FU LA
o eF M) T LA A OREE L FE pH OBRE Figd 1R T, Fig8 IR 7 & 912, CypFRDK
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& TOPO #HEEMESTF L LTAWVWRY FULHERRY v — I M vAA T 2IE LA LTREE
T WMEEDLTH 400 FO U F 7 LA FVEBRACEE LTz, Ziud, EeetEo T LTH
Ve CypFRDK & TOPO DU F 7 hA A UNTHT DEFUES T b U 7 hA FT5$ HHFEL

DHBDTENZD, VFULL A VICHTIEVBRELETIREFENRRALILLOLE
Z 6B,

q [umol/g]

4 5 6 7 8 9 10 11 12 13
pH
Fig.7 Effect of pH on adsorption of Li(I) ion with the Li(I)-imprinted polymer (O) and non-imprinted polymer
(O) prepared with C,;pFBDK and TOPO

g [umol/g]

Fig.8 Effect of pH on adsorption of Li(T) (O) and Na(l) (CJ) ions with the Li(D)-imprinted polymer prepared
with Cy;pFBDK and TOPO
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New Polymeric Adsorbents Prepared by Surface Template Polymerization

for the Highly Selective Adsorption of Li(I) in Sea Water

Akihiro Sakoguchi and Fumiyuki Nakashio
Department of Applied Chemistry, Faculty of Engineering, Sojo University

Summary

Our goal in this study is to develop the new polymeric adsorbents for the highly
selective adsorption of Li(I) in sea water.

Li(I) selective polymeric adsorbents were prepared by means of a surface template
polymerization. Fluorine-containing B-diketone (1,1,1,2,2-pentafluoro-3,5-hexadecanedione,
C1pFPDK) was newly synthesized and used as the functional host with neutral phosphorus
compound (trioctylphosphine oxide, TOPO). C1;pFBDK and TOPO have a high extractability
to Li(I), therefore Li(I) forms a complex with the functional hosts at the oil-water interface of
W/O emulsions. Li(I) complex is imprinted on the surface of organic resins after the oil phase,
in which divinylbenzene was used as the cross-linking agent, in the W/O emulsions is

polymerized.
The Li(I)-imprinted polymers prepared with C,pFBDK and TOPO exhibited high

adsorption ability towards Li(I) over Na(I). On the other hand, the Li(I)-imprinted polymers
prepared with C,;pFBDK or TOPO alone did not adsorb Li(I). Li(I) was synergistically
adsorbed with the Li(I)-imprinted polymers prepared with the functional hosts (C1;pFBDK and
TOPO), which Li(I) was synergistically extracted with.

The ability of the Li(I)-imprinted polymers prepared with Ci;pFBDK and TOPO to
adsorb Li(I) is significantly higher than that prepared with 1-phenyl-1,3-tetradecanedione
(C,;PhBDK) and TOPO. Fluorine of the functional molecule, C11pFBDK, is considered to play
an important role in Li(I) adsorption.

We also synthesized the new bifunctional extractant, 15-phenyl-13,15-dioxopentadecyl-
diphenyl phosphinate (PhDK-C,,-DPhP) and used the extractant as the functional host for
preparing the Li(I)-imprinted polymers. PhBDK-Clz-DPhP and the Li(I)-imprinted polymers
prepared with PhBDK-C,,-DPhP showed comparatively low ability to extract and adsorb Li(I),
respectively. We will synthesize new fluorine-containing bifunctional extractants and prepare

the Li(I)-imprinted polymers with the new extractants to achieve high adsorption ability

towards Li(I).
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