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Multivalent Metal Ion Induced Vesicle Aggregation in Aqueous
Polyelectrolyte-surfactant System

YAQO, Jing-Xia ZHAO, Ying HUANG, Jian-Bin~™
(State Key Laboratory for Structural Chemistry of Unstable and Stable Species, College of Chemistry and Molecular
Engineering, Peking University, Beijing 100871, P. R. China)
Abstract The vesicle aggregation induced by multivalent metal ions in the mixed system of polyelectrolyte
(hydrolyzed random copolymer of maleic anhydride-styrene, SMA )-surfactant (dodecyltriethylammonium bromide,
DEAB) was investigated through transmission electron microscopy (TEM) observation and turbidity measurement. It was
found that a small quantity of Ca* (in the magnitude of 10™ mol-L™) can induce vesicle aggregation. Adding EDTA can

dissociate the vesicle aggregation. Further investigation suggested that the vesicle aggregation followed the salt-linkage
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mechanism.
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Fig.1 TEM micrograph of SMA/DEAB system
n(SMA)/n(DEAB)=4/6, c; =2.5x10 mol L™,
7=25 C, pH=9.2
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Fig.2 Turbidity variation caused by the addition of
Ca’ and EDTA to the SMA/DEAB system
1) addition of Ca* to 1.0x10~* mol-L™" SMA solution;
2) addition of Ca* to SMA/DEAB system at n(SMA)/
n(DEAB)=4/6, ¢;=2.5x10~ mol - L™; 3) addition of EDTA to
SMA/DEARB system at n(SMA)/n(DEAB)=4/6, ¢;=2.5x10

mol-L™ in the presence of 3.5x10~ mol+L™" Ca*.
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Fig.3 TEM micrograph of SMA/DEAB system
after the addition of 3.5x10~*mol-L* Ca*
n(SMA)/n(DEAB)=4/6, ¢ =2.5x10? mol L™,
T=25 C, pH=9.2
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Table 1 Vesicle aggregation induced by various ions

fon _ c/(mol-L7) ag;,reeség?on lon  10%c/(mol-L) ag;/reesfi’glt?on
Na* 0.1 - Mg* 8 +

K* 0.1 - Ba* 2 +
SOT 0.1 - La* 0.4 +

—": no vesicle aggregation, “+”: vesicle aggregation
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Fig.5 TEM micrograph of SMA/DEAB system after
the addition of 1 mol-L~" NaBr
n(SMA)/n(DEAB)=4/6, ¢t =2.5x10 mol - L™,
7=25 C, pH=9.2
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Fig.4 Fluorescence quenching of pyrene located in different charged aggregates by S,0%
a) in DEAB and in SL(sodium laurate) systems; b) in SMA/DEAB system
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Fig.6 TEM micrograph of SMA/DEAB system after

the addition of 3.5x10~ mol-L™ Ca® and 2.5x
10*mol-L'EDTA

n(SMA)/n(DEAB)=4/6, c; =2.5%107 mol - L™,

T=25 C, pH=9.2

YT 2N BB T, B S — A3 i R 1 & A A
FAA, AR AT G [m] s 55 5 9 H i 57 R 9 58 R i 5 LA %
3 B 2 0 3 T 2 A AR B AR L, AT R 3 4 B A
FH© T EL AT BRI R R A Y R .

ZIRZR T Ca*if5 B R Z 3011, )
n(SMA)/n(DEAB)=4/6, ¢;=2.5x10~ mol - L™ BJIR &
& Z H i A 3.5x10* mol - L™ Ca®* & FYV R H FEin A
EDTA, 7] LAk BRAAR 22 19 3 B fifi EDTA B JI0 A 17 98
INE ZEHO(EI2H HER3). B BT SR & B, J5OoRk RAE Y
P RN B BEHL (] 6). 3% m] RESE R A I AR
EDTA Fl Ca?JE WL &), KRS i #2801 Ca?*
o AP I

3 & &

£ SMA/DEAB IRA AR, KT Ca*iF T
P RENLE. IR LM, Ca W E HA K T—E
BUERT, A 0] LU 2R R 4E. in A EDTA AJ DLfifi
REMPEIRER. JE— P WA R B F X 2R AR
FIVE R & B, AMInes 5 38 2 0] i i sl A 2175

SPRRER ST, RN, 20 &R T S
BEI R AL B WP A R A SR LR S A S T
B FI R B 2 R B T A R AR R

References

1 Fendler, J. H. Membrane mimetic chemistry. New York: Wiley,
1982: Chapter 6

2 Zhao, G. X.; Zhu, B. Y. The action principle of surfactants.
Beijing: Light Industry Press, 2003: 295  [BX[E 4, RIVEE. F1H
TP S, b o R Tl ek, 2003: 295)

3 Zhu, Y.J.;Tan, Y. B.; Zhang, Y.; Hou, Z. S. China Surfactant
Detergent & Cosmetics, 2005, 35: 94 [, =V F, 7k 37,
BT, B k22 Tolk(Riyong Huaxue Gongye), 2005, 35: 94]

4 Yin, H. Q.; Huang, J. B.; Gao, Y. Q.; Fu, H. L. Langmuir, 2005,
21: 2656

5 Zheng, L. Q.; Shui, L. L.; Shen, Q.; Li, G. Z.; Baba, T.;
Minamikawa, H.; Hato, M. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2002, 207: 215

6 Minami, H.; Inoue, T. Langmuir, 1999, 15: 6643
Meyuhas, D.; Nir, S.; Lichtenberg, D. Biophys. J., 1996, 71: 2602

8 Yang, Q.L.; Guo, Y. Q.; Li, L. H.; Hui, S. W. Biophys. J., 1997,
73: 277

9 Fatouros, D. G.; Piperoudl, S.; Gortzi, O.; loannou, P. V.; Frederik,
P.; Antimisiaris, S. G. J. Pharm. Sci., 2005, 94: 46

10 Thorén, P. E. G.; Persson, D.; Lincoln, P.; Nordén, B. Biophys.
Chem., 2005, 114: 169

11 Shigematsu, M.; Fujie, T.; Inoue, T. J. Coll. Interface. Sci., 1992,
149: 536

12 Minami, H.; Inoue, T.; Shimozawa, R. Langmuir, 1996, 12: 3574

13 Marra, J.; Israelachvili, J. N. Biochemistry, 1985, 24: 4608

14 Ohki, S.; Ohshima, H. Colloids Surf. B, 1999, 14: 27

15 Ohki, S.; Roy, S.; Ohshima, H.; Leonardst, K. Biochemistry, 1984,
23: 6126

16 Carmona-Ribeiro, A. M.; Yoshide, L. S.; Chaimovich, H. J. Phys.
Chem., 1985, 89: 2928

17 Walker, S. A.; Zasadzinski, J. A. Langmuir, 1997, 13: 5076

18 Huang, J. B.; Zhao, G. X. Colloid. Polym. Sci., 1995, 273: 156

19 Abuin, E. B.; Scaiano, J. C. J. Am. Chem. Soc., 1984, 106: 6274



