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Design of polymeric membranes having responsive functions like
cellular membranes
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Two kinds of hydrogel membranes which changed their membrane properties in response to
metal ion were prepared. One of them was crown ether containing gels. Swelling degree of the
gels was increased by an addition of metal salt such as NaCl and KCl, whereas that of the control
gels was decreased. Permeability of the crown ether containing gels was able to be controlled by
the external ion concentration. Mechanism in the permeation control was based on diffusibility
changes caused by the swelling change. The other membrane was consist of polysaccharide.
Adsorption of cationic dye, crystal violet (CV), to polysaccharide gels was markedly suppressed by
an addition of metal salt. This suppressive effect of the salt depended on the configuration of
hydroxyl groups on polysaccharide and kind of metal ions. Thus, the effect was considered to be
due to specific interaction between metal ion and hydroxyl groups on polysaccharides. The
permeation of CV was also able to be regulated by coexisted metal ion. In this case, permeation
control mechanism was based on partition control. The polysaccharide gels were examined as
glucose sensitive gels, because addition of polyols as sugars was expected to affect the interaction
between metal ions and polysaccharide gels. CV adsorption increased in response to glucose
concentration in the presence of metal ions, while it was not changed in the absence of metal ions.

The result indicated that polysaccharide gels had potential as a new type of glucose sensor.
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Cone. of
AA BMA
Code " M BFC soln*
mol % mol% mol% wti
10C2.5 97.6 24 10
10C5 95.2 4.8 10
15C2.5 97.6 24 15
15C5 95.2 4.8 15
20C2.5 97.6 2.4 20
20C2.5B10 91.8 6.1 2.1 20
20C2.5B30 80.5 17.3 1.9 20
AAm BMA EGM Conc. of
Code soln.
mol% mol% mol% wt
10E25 97.6 24 10
1085 95.3 47 10
15E2.5 97.4 2.6 15
15E5 94.8 5.2 15
20E25 97.6 24 20
20E2.5B10 912 5.5 3.3 20
20E2.5B30 80.2 16.7 3.1 20
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{K*) (Sn—Su}/Su
Code S.F SLFE
mol dm™? %
10C2.5 182 263 104 442
15C2.5 41.9 55.5 107 325
20C2.5 223 27.7 107 24.0
20E2.5 160 31.9 1074 -80.2
10C5 65.9 102 1074 54.7
24.2 10~ 356
15C5 17.9 23.1 1073 20.4
16.0 1072 —10.5
146 107! ~18.3
* Set gk EHRE
* gr 1 KCIskiigeh Ol
ag T T T T T
' (a) o
Q
L &d 7 MW of PEO
o o 20000
£ ‘0 © ¥ 6000
Y ° *  4000+2000
o r {1 o 300
o
20 -
L ° o ]
Q a
0 o S AR A Y
0 10 29 30 40 50
Time / h
80 L T T T T
| (b) o
O
o 60 P i MW of PEO
g I . e 20000
E 40 - ° 1 = so00
@
o . | o 4000+2000
= o0 L § ¢ 300
o a2
o . ]
0 !;E-l—'—-i—n-——n—i L
0 20 40 50 80
Time / h

B2, 15C5B30 i/t L4z PEO Q&A%
(@) #AZET, (b} 0.1 mM KCl HHET

—200—



ROWEHE L RTIERE IS VAD s 50 v x —
FURERAA VI (159 v —F L EDES
TERD WEDRUBTLERL, COEH>UFL
KEDEEA A4 v O PIREERIMTES o &
R,

EBA A VCEE LMEESHETE L0
BM21DT, ThEOX MBI 3585
WA, BRERE, 2EMOwLohic s Ll
TS, BEGRI L 3YUEOBEEMEE TR L
foo BEEEE LTR, STROESLX) o5

L& F 44 F (PEO) 2B\, BElEIR: 0zl
ZFHII L 7oo B2 4k 5mol% @ BFC RUShEr+
BHBIHIC 30mol¥% OTFNA ST Y L —
(BMA) 237 VEEER L, ThEaNLis
BB ERT, WOFELEVES, SFHR 300
D PEO O &0 @vhicERT 2013 L, 01
mM NaCl 74T T4 6000 © PEQ 0%
BOERES N D, 2F DEOEEI & b R
EoEEy, XoESTFEO PEO M5B BEEEE
Watel LERT, COHMRE, HEERELE

—0—CH
He—o0. H Hr—CH~—CH:—Cl
STH NS (\/
(o' o -+
[N 7 8]
0 ¢t
H R n
Dextran : Ri=H, RezOH
Mannan : Ri=OH, Rz=H
—CH:z
H Q. H
/
lOH H\ =Q0—CH;
— He—o
HO Y i \J'
H OH H o 0~k
Hi l_(F YA
H 0 OH HL—0—
Ly W
NaOH a
9 :; won B O
40°C, 24hr %Hz
W9
HO H
|
—0—CH, ?45“' >ﬁio—%m
H C) H =0 e H
U Lo d U
oH' H £-0—CH oH' ytleo—
™ N\ L
0‘5—‘% n ?"*—C/
[h OH b bu
H:
H§—OH
2H:
b

RFE—LZ, BT AOF

—201—



0.4

o
w

0.2

0.1

Amount of adsorbed CV (X 107 mol)

: Mannan-NaCl

: Dextran-NaCl
. Mannan——CaC12

:Dextran~CaC12

<gap o

Salt

concentration (mol-dm™)}

E3. CV oy A ~OREECRETHEA 4 v OHE

LSBT &icky, STRORS 24EZEER
759 ¥ yE LTHRNICHRTESCLER
L, FiLWESE 27 A RBETE A L AR
e 5,

2. DEBHRIMICK DA F IR

Pl oEioT T — i, @BAF S
EsaT sl EBHeNTVS, T OfaHEK
ME O ERE LR 4 VR L - TRN 3,
Lic-THR YA —holi s, g4
RIGELZOUMENIE L C A RBsh 3, £C
T, UHEBEORESATHWARSEZRHEL, ~
A Far VEEVERL 204 4 a2 5L L
foo B0 E L BREE RO C-1 [ O/KEEE ORI
MERLEFFRAMNS vRU= v+ a0l
ERY Y THEEBTEIERED AL For el
WL (RE—22), Thooyvicwd 2%
JNRI AN E Ly b (CV) ORENEZ, 288
44 v OFFR B THRE LR, B3Ryt
LA I mM-10 mM BLEDHEEE TS LT
CV O MEA~DBENAKE {IMflahzc &
Buwiiahiz, CVE, §y74rThozo
SR L~OWRIET, KBEEEOREMEE S E

F3. BHS L0 CV OREFBE & £ ORI

e & B3k
Gels Blank NaCl CaCl,
Dextran 65.3 7.70 491
Manna 579 24.9 5,59
CV @IIEr: 1.37TX107°M
HHEE: 001 M

NEEBFHEEIND, LT, B4~
OfFfEicky, COMEERSESNEESsD
CV olEEELAG b0 EEL5ND, &
LItk S Rt & Sk OMEIEIER, v vy
EFEAL S THINCRB A BN D, T
HhbEFF R+ 5 Tk NaCl, CaCl, Hhic[aigm
OREMELRET 00 LT, < v+ YTl
NaCl icktb~ CaCl, THEE THhH -1z, LM T,
EhErnbE4 4 v OREERREUTOIETH 3
Z EHSin B,
Dextran: CV&Na*™<Ca?*
Mannan; CV&Na* <Ca®*
Bk, CVolsE (GEt) s, £BE
OEEICL YR LT s LB SR,

—202—



7 F R
Mannan e
. . e
JUES -
s} o
o P
Mo 4 B
~ .
i s
IF - o
N BT T T
2 sl T
r‘ "A~
1 50— —C O—
0 [ 1 I ) i ] i
o o1 02 0.3 0.4
Glucose concentration /mol dm >
6 -
Dextran
sf o
——————— A
4 - R
o e
- .
\m 3 = 'ﬂ’ /‘.’.-
o T
2 - r'U‘/’,’A‘
n g4
y [ —0—0 o o=
0 L ! L | ] I 1
0 0.3 0.2 3 0.4
3

Glucose concentration /mol dm
B4, CV oRBREICEIET 7o — 2 D5E

Ky: 703 — 2 55H08T O 43Rl

Kg! 72 — A EINEOSEY

O nosalt, A 0.1 M NaCl, [J: 0.1 M CaCl,

T TCEREY VBTSN Lo 1 & v B OB E G
oo WTHETEINA . SBEOGEETRUAR
T TCV OFEBHE=RE LR, &BEE
TE T ICH~RSBIEARET Tk CV O 5l siRE 2544
25 fEEMT 2 &Mt T ER, &
Ao b —BLTsh, EBERE TS
VT CV DEADSEEREAHAR L BB sl A5

EofibRENG, £BAA Vv ERYF -1 &
OFEEAEH A EEED T EiE sk T
HIEEICEE V. L LS SAIIRLD, »~q F
e LEBI A4 v EDTH D CV OIRES
e 5 T Lok b I ICEREEIC £ OV AR
DELA T & T E BRE D,

—203—



3. BERRTISSTFE

2. Tkt kS, B VRSB 4 v &
HEERTEZ Lk, CV oSEETME(L
FTEZEBEAShEE -7, TOLIB VAT L
& IR EOBMT V2 - VEIIZ S
Tlicky, FA/eBAa A4 BOMEERICE
W25 X CV OHE{ LA T 5 L P& N5,
FOTEPEL LD CV ONIRIRIFE S o —
AOTHEEART Ui, R4, FFRA L5
BU= v YA CVEBCRET S va -2
B R EEEA 4 Y OFET, RETFTHREL
FEEBRETRT, EBA 4 vONMEFTHE, Wih
DFEA~D CV IREHE S 770 0 — R OFEE ST
WV, —7F, &EBEAMRALFETE, Fr3—-—20
RIHRICRE L C CV OSAEEMEALTWE T
EDI B, DFEY, AHKMA SV — RH
EE/A A v EFEIEAT 2ER, SR A
v EOAEEREEEEZ, CV OREEMH
KLtcboeEILNE, COLDiT, Fa—
ARBETHYAF LR, LW —REy
BRI - APWEIIEE LT v a2 ) R
W 2B QRS v o= ) VIR T 20
~OFABHEFENS,

SHOERLRRE
KRBT, BB 4~ &L olE/EHEAR
BL, 1 Foer volgfEEd 5 WA EREE
HEdEz T &icky, B4 IBETLHHR
HASTETH B L 2o it L, 72, &
W AMETE, TCRIERIBVERA A4 v 2L
OWEIERD, ~4 Forvkt s lickpdk
RIS T 5 THBREV, X5, &
/A A4 v EEEOREMRERAL, Sra-2
RIiEET o 4 FoFuEERI N, Nb
B HLOEAS Y 27 aPw v —, FES
YR FLNDOIBEBIIFENE, &b EEL
BIBH NG, HERNOEDADREE L E DR
THERTHY, FAT—2EvH—Pf via
U Y R F AAOBBSEL M S, LL
RS, ChodOvyATFLE3ERT ZAHICE,
A 4 S B IR I B SRR O
B OEDBHRENSH L, £, FVEDHEN
W OWESMETH 3, 5% S LORGRLE
O, EHEES S ofEbait, K0E
IR, BIEEHAEAE YN Fur v aF
LEREEL L T2\,

—204—



