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(Formation and Application of Interpolymer Complexes)
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35 - 3% polysalt: TsuchidaBi%16o] <] &) 4
#3= 2= polysaltyt B ApAA A:REHK
scrambleZlo] 4] A& ladderBl o = FHAELH|SI
BREEE 2 BBRE MiihE 2 EEBRBRd
A A BAKSY EEES =R

53+ 557 polysalt= ZezinE19~202] poly(acrylic
acid) (PAA)$} poly (ethylenepiperazin) (PEP) %,
PAAS} poly(ethyleneimine) (PEI) %ol A 2 4
A=t olH S BHERESGSTE T RolA
£ O SHAEBNE &% RO MEE &k
e
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“(PEO)9} poly(carboxylic acid)9] #ELIK K
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"Figure 1. IR spectra of mixtures of poly (L-glutamic
acid) (PGA) and poly(vinyl alechol) (PVA)
cast soon (a) and 26 days (b) after prepa-
ration of the pH 5.7 solutions, and PGA
cast 26 days after preparation of its pil 5.7
solution (¢).
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FREAREAY MBS 4 BEdx AT
o g HEyr,

S E32.0. poly(vinyl alcohol) (PVA)=} poly
(glutamic acid) (PGA)RelAl REHIAE &
SRS HEFRC AT BigFdAe BE
fEfBol Aol A PGAS] fyconformation (1603
em™)7} PVASL HlAHIBROE HillA BT &
Yt s gomstdrh, o9 #BRE Fig 1o xR
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2-3. Van der Waalsholl 2olsiAf ErRE=
EHaR

Poly(methamethyl acrylate) (PMMA)®] iso-
tactics} syndiotatico] #-ABEHK 2 e]4 Van
der Waalsyol] 9]}l A] stereocomplex® & g3}
= i, s~ @&l E=RE = AL By
Liquori&%-2 2-methyl#ietz §l=d] 24 0] o}
Y} esterdkq]l Zlo] v}Fo] NMR3638ej4 o2
Bk, BB ERlE acetone, DMFE-9]
Bl A ke, SR FE ) A)
+ gel ¢}, chloroform, chloromethylenest =2+
< REEA e HER) BRIA gtz ¢
e

ChallaE%2 poly(vinyl chloride) (PVC)$h
PMMA %] A i-PMMAS} PVCE Jeifiziitold],
S-PMMAS}L PVCE 1: 19 #HABT HREAE
A¢ w3

3. BATHEAMERN IS F= FHF
BEAT2l R

Vinyl polymers}7o] g4 polymerd] & #
9 BE 1EAEY FH00A4 RmEEe] gk
ot $49] flexibility”} RiFet A 9ol = o] &4
B2 MEFSA LBRHMeE Scramblesg R
o MAEIL B 20, RIpEEe] ik
o] ¥ HHEHEMHC HAKME: (LRI HIAA
BE7E Sz ladder B AT s oo By
2 (Fig. 22%).

Poly (amino acid) = BEZN a4 a-helix
“, B-conformation®l, random-coilZlZEe] F4aR
F o Ao] A 2HA gdE ws
o] R HAWE BRI E5TFRHEEIER
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WDDER STRUCTURE

SCRAMBLE STRUCTURE

Figure 2. Two possible polyion complex structures.

o Eofl #H%H ] polymere] FiEiol wztAl poly
(amino acid)®] & FHfest #kslel a-helix-
coil EEe] BEIE v}, Poly(L-lysine) (PLL)
o] PAAE F#A 7|9 a-helixi#iisl pH=3.5
~d. 0747 §f455] 2 91 21k, PGASH poly(N. N
-dimetlylamino-ethylmethacrylate) (PDMAEM)

8_PEIZ6] ¢loj A= PGAY a-helixi
B,

NakajimaE9L FELRME ] poly(amino ac-
id)e] #TIEE wistel #Fdeke] PLLS} poly
(D-glutamic acid) (PDG)Y] MELEMAA slolA
{& pHEE) A= PDGY) a-helixe PHES 3,
= @ pHHEECAE Y BeRt R
e A S fEtdet

Shinoda &2 AR oA FEEEH
polymers] 7REFIAIES BHRE PLL-PMAR
ol Al #Esle] PLLY a-helixdl HHEHRES
isotatic {{syndiotatic<latatic®} JEFZ =z}
Z By \

TsuchidaE472 PGAS} HH¥F 9 integral-type
polycations} pendant-type polycations&} &
gaItol 9l ol 4] pendant-type polycation®] back-
bone®] flexibility7} =7|uf Fol HAEMLHC
9lol A PGASY] a-helix”} integral-type polyca-
tion® v} ZEH e HEtH Tk

B4 poly(amino acid)$} mucopoly (sacch-
arides) ©] H AR Aol Slol A KM
troll A} KEERES] model® 4  Gelman*®52&2
poly (L-ornithine) (PLO), PLL, poly(L-argine)
(PLArg) = poly(saccharides)=}9] #HE {E oA
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{NH—CH—CO), “NH—CH—CO}, {NH—CH—CO}r-

(CII‘12) 3 (CHy)4 (CIIIZ) 3

N{-Ig NII'Iz C

(PLO) (PLL) AN
(PLArg)

HEERS B hyaluroic acid<chondroitin.
4-sulfate < hepaitin sulfate< chondroitin 6-sul-
fate< keratan sulfate<dermatan sulfated B
= ¥z, & pHo A9 PLO,PLL, PLArg®
& random-coil®] Fzolvt HARMHA sl
A PLL$} PLArgs: a-helixE BRItz #H
StHel 9014 polypeptides] figiel 2o,
Z ornithine<{lysine<arginine$| EFE &9F
mo] MEERY 4TS AN 2z L
o mREke] EY BRI 43 Foa R
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sEH S50 cationo 24 PLLE, anion & 24
poly(vinyl sulfate) (PVS) Fol A BB
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Figure 3. Ellipticity at 222 nm, {f]2 plotted against-
pH for PLL (@), PLL/PVS-25(A), PLL/
PVS-30 (1), PLL/PVS-46(0), and PLL/
PVS-95 (X) in aqueous solution.
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Figure 4. CD spectra of PLL as a function of tempe-
rature in aqueous solution at pH 11-12.
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Figure 5. CD spectra of PLL/PVS-46 as a function of
temperature in aqueous solution at pH 11-12.
Residual mole ratio (LL}/(VS]=1.

EFrh. Fig. 39 helixZZ8] RE=24 222nm
ofl 91o1 A mol #5[EIZ-[0]2:F pHell #3) A plot

gFa2lo] A349 As535 19794 94

Rk, 2 o)A B upsbzto] PLLY helix &z
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S E31%.(46.95%) 1 Aol M= a-helixE FiEst
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Figure 6. Absorption spectra (a) and CD spectra (b)
of PLL/PVS-46/A0 complexes as a function
of residue mole ratio, (VS}/{LL) at pH
5-6. [AO) in the complex solution was.
0.125mmole/l. ([VS)/(AO)=4. [VS]/(LL)
=0.5 (—), 1(+ee), 2.5(—+—), 5(—
=) and 10(— — —),

o] A a-helixel A p-formo 2 #EEEBHS 3t
ded KA BHEBPRY 7 5 BET o
LiEEoz RAAA BEE 90°C7A ERAA
A% a-helixg MA L U&= AL 2HA & 5
ek, = PVSY SFHEE ¢ He = PLL-
PVS-acridine orange(AQ)#%o) 4 #HE C-D-
spectra® Z E3te] PLL3 PVSE Super helix
F BEstz Sl A& B (Fig 6. 21R).
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Tigure 7. A typical solvent system for polyelectrolyte
complexes. The solution is a cosolution of
poly (vinylbenzyltrimethyl ammonium) chlor-
ide and sodium poly (styrene sulfonate) at
25-30°C.

4. BEHFHELREC HH
4-1. BHE
imEesh BEEE BmEaA BEES IAR
wr Akl dol W HHKE SROBEAW
olvt ==t} MichaelsE%9] A#H2A4 PVBA-

Clsh PSS-Na®dl polysalts] (igidpe —iE

fito] = ) ¢k 01} NaBr-acetone— kA% ZKTG

o] o] ol HMF wiel AR+ (Fig. 7

BH).

4-2. Bk

mamE R R i s Auel W
st el A v 4$ mEelth KR A B
BE s ke vehach 282 KGRIK
Mo Ao @R obF MRd hike] HE
= ul 3 §FFAo] weoot, polyanion £
polycationo] £ #aKe Blkikel IZth
alcoholEet ketonelsl ¥ mdte] Ko BikE
KR40 o

4-3. EBH

Eame EBiA ke BBk R

celluloselias} u} el A A3 Fod olAA F

o FHBke K MRSy A s w ol 2

A B REWRES 7 e olg EEMeR
EAY & A EhE sk

4-4. BEMMEHE

Gray®= 3{7}2 @S] NaBr& 93 &
SFTHBEEEY FERNEERS #Hdsd
FRETEEE EREESEA00CPS)o gl A wik
Broll = 5, AIRNRERS = 5001 =, EREwES
7ol & R E R 22 BER 2
~ 5% FRem NaBra} 742 BEY fdedd
A FEERS ofF 24 BAIz &k
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4-5. HBWIEHE

HWEEsS] HEBAYMEE-L cellophane. 42§ poly
hydroxyethylmethacrylate (HEMA)$} ¥] m.8}
Table [ %] ZA =0 o =7 wc} HlEsl = 3]
B A mol o,

Table 1. Characteristics of Tensile Strength in The

Hydrogel?
Tensile |Modulus | Elongation
Hydrogel strength ) percentage
(Psiy | (psi) (%)
Interpolymer Complexes
(55% H,0) 800 8000 18
Cellophane (5% H,0) | 4100 | 4400 | 92
Cross-linked poly (hyd-
roxyethylemthacrylate) 60 | <1000 140

(HEMA) (45% H.0)

a; room temperature

4-6. FBEOVMHE
BAERY BHEM)S gel F SKE ()9
FHRE a=0.40~0.80%] HHA A &9
Aoz vehfel A,
n=1.294-+0. 336(1—a)

5. B FHEAMe EA
RO FHEEELER A &R #Hems
AelA BT g5 BHES oAz )
% polymere] B HEES 32 &£ BH
=z 9t 2R HE S 2 A2S HH
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Table J.

Diaplex (Polyion Complex) Membranes Transport Characteristics

Water ' Water Permeability at 9% Solute Retention Efficiency at 100 p.s. i
Film Type | Charge Cé);t.e:}\'t 120 p-s.i. : (Ce.) (Msil)/ NaCl | Urea Sucr- | Raffi- Fuchsin Carbowax
(, Gm, ) Sg. Cm. Sec, X 10 ose | nose | pog ' 1500 LESOOO ‘BSA‘
I-YLL Neutral | 0.4 | 3.0 5| 5| 50 | 8 |100 100
I-YL Neutral | 1.3 | 50 0] o 10/ 30 | 98 100
-YM Neutral 2.2 340 0 0 0 0 85 100
I-YH Neutral 3.5 810 0 0 0 Q 75 100
I-XL Anionic 1.3 5.5 0 0 5 20 99 100 -
I-XM Anionic | 2.8 110.0 0 0 0 0 50 100 -
I-XH Anionic 6.5 460.0 0 0 0 0 18 100
UM-1 Neutral 8.0 1¢00° 1 1 15 20 50 {100 { 100 -
UM-2 Neutral 8.0 330° 5 5 60 90 | 160 {100 {100 | 100 -
UM-3 Anionic c 125° 25 100 | 100 | 100 | 100 | 100 | 100
Cellophane 7.0 0 0 15 25 100
(untreated)d
Cellulose 0.7 95 99 | 100 {100 | 100 | 100 | 100
acetate®

a. BSA=bovine serum albumin.

b. Aniosotropic membrane-barrier thickness unknown: water flux in cc./sq. cm.sec. at 100 p.s. i

¢, Membrane shows 1009 retention of phenylalanine at solution pH s greater than 7. 25% retention at isoelectric:

point.

d. Henderson, W.E., and Sliepcevich, C.M., Chem. Eng. Process Symposium, Ser. No.24, Vol. 55 1959.

e. Sourirajan, S., Ind. Eng. Chem. Fundamentals, Vol.

Table I[. Organic Solute Separation Properties of

Complex Membranes®

Solute Retention, 9%

2, No. 1, February 1963.

Membrane type Urea | Glucose | Sucrose
GC(0. 65)-CSC(0. 35) 3.2 54.5 73.0
GC(0. 62)-Hep(0. 38) 5.5 55.0 68.0
GC(0. 66)-Hep (0. 34) 5.5 57.5 65.5

a; Test conditions: 74 atm, (.25 wt% solute.

BA EEERSTFEA EhEdAZ Y

Polycation®] gelatin®} polyanion®] arabia =
#9149 HAMET microcapsuled] MB2A BEK
9 BERe] REYS B AREE AU BER
o] EE{bs] A At

PVBA-Clz} PSS-Na#9] polysalt®] ke
NaBr-acetone-K&&] =it Bl ol &
3k BHge] golA oA e s ez S = #ol
3 BREHHES Rz de BB BAY
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Figure 8. Milliequivalents of sulfonate per cubic centi-
meter of wet resin vs type of Ioplex 101

" resin.
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297



oL

E3AIA G Eow BiedE wHEZ
o}, o] B B> AMERY BAKE
Z3 fugmbks Hehd WHS vehilw 3le
o Fugmise SO miEst #AZE e A
S AP (Fig. 8 BR).

NakajimaE®% glycol chitosan(GC)¢} chon-
‘drotin sulfate C (CSC):%%+ GC-heparin % A&
gafEe] glol Al Bt AR A KK Fidtk

o] REFst Aol ¥al 3 vh(Tablell 21).

ol A7tA gk whebel EHS/TFHMELEALS
2 dolal BAE microcapsulebtht, BITIRR
Mobe] SHEE LAkl #fgo) v alkalio] el A ik
742 ZESI ol BE (’d_,—»] separatertt A%}
celld] ERBMEHEZA, = HEBT KER
EiRko] 2w Eol HR=E ?3‘}05{ vinyl polymer
1} urethane polymers} blend3te] *XERE F
= plasticaHREA, = HARE KR &
SFEMEA A As] s Eel &
BT R IR polymerz 4], =233
= s @wis Er9WEe] AREA
BY, ATESREAE Aol ssstez e
. goz o] K WEE BWAEERA U
oA EEA T #Egkue] A oy A
o] glA=t £4ES il Es FHEEA A4
7t sl At
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