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Self-Assembly, Polymerization Behaviors and
Applications to Functional Polymer Gels of an Amphiphilic
Monomer in Lamellar Liquid Crystalline Phase

(MBEEE /) ~—BREHOBCHEGL, ESRER
BeEEE S T+ VA~DIEH)

FAm XNBEDEE

A polymerizable nonionic surfactant, n-dodecyl glyceryl itaconate (DGI;
n-CyH;;0COCH,C(=CH;) COOCH,CH(OH)CH,OH),  self-assembles into  bilayer
membranes in water having a spacing distance of sub-micrometer in the presence of
small amounts of ionic surfactants, and shows beautiful iridescent color. The unique
properties of DGI, i.e., the self-assembly and polymerization, have endowed itself
with great significance for both theoretical and practical studies. This thesis mainly
focuses on the following 4 parts.

1. Effect of ionic surfactants on the self-assembled structures of DGI bilayer
membranes: It is first found that the iridescent color of this nonionic system can be
changed from red to deep blue by altering the concentration of ionic surfactants added
even though the total concentration of surfactant is almost constant. The flat lamellar
sheets tend to curve with increasing concentration of ionic surfactants to form
separated onion-like and/or myelin-like structures. These separated structures of
lamellar system result in the decrease of spacing distance between bilayer membranes
because some vacant spaces necessarily appear among these onion-like and/or
myelin-like structures. (Xinjiang Chen, Hiroyuki Mayama, Goh Matsuo, Tsukasa Torimoto,
Bunsho Ohtani, Kaoru Tsujii, J. Colloid. Interface. Sci., 2007, 305, 308-314)

2. Polymerization behaviors of racemic and chiral DGI monomers in organized
bilayer membranes of lamellar liquid crystalline phase: By using chrial DGI, S-DGI,
the distance between the monomer molecules decreases in the bilayer membranes.

The conversion rate of chiral DGI, however, is slower than that of racemic one when
H;0; is used as an initiator. When the initiator is changed to an amphiphilic one,
4-(2-hydroxyethoxy) phenyl-(2-hydroxy-2-propyl) ketone (Irgacure 2959), the chiral
DGI shows even a little faster conversion rate than that of racemic one. It is concluded
that the decelerated polymerization rate of chiral DGI initiated by H,0; is a result of



limited diffusion of the initiator into the lamellar bilayer structures. (Xinjiang Chen,
Goh Matsuo, Bunsho Ohtani, Kaoru Tsujii, J Poly. Chem.Part A, 2007, in press)

3. Synthetic myelin figures formed by DGI bilayer membranes immobilized in
polymer gels: Myelin figures are thermodynamically unstable and change
spontaneously to spherical lamellar vesicles after some period of time from their
formation. We have first succeeded in synthesizing stable myelin figures by
immobilizing them in polymer gels via separated organized-polymerization. The
results obtained from confocal laser scanning microscopy (CLSM), small angle X-ray
scattering (SAXS) and freeze fracture transmission electron microscopy (FF-TEM)
clearly prove that the myelin structures have been well immobilized without any
structural change. The success in stabilizing these unstable myelin structures provides
some potential for applications, such as anisotropic gels, electrophoresis mediums for
the separation of hydrophobic materials and so on. (Xinjiang Chen, Kaoru Tsujii, Soft
Matter, 2007, 2, 852 — 856)

4. Hybrid hydrogel containing onion-like DGI bilayer membranes: Poly
(N-isopropylacrylamide) (PNIPA) gel shows a slow volume phase transition at about
34 °C. We have found a new method to improve the shrinking behavior greatly by
introducing polymer bilayer membranes (Poly-DGI) into the traditional PNIPA gel by
a two-step polymerization method. In the first step, DGI was polymerized to form the
bilayer membranes of poly-DGI. The NIPA monomers were polymerized in the
second step in the space between the poly-DGI bilayers together with a cross-linking
agent. This new hybrid gel thus obtained shows a super-rapid shrinking behavior and
collapses at about 15 s, proving the world rapidest shrinking in the field of PNIPA gels.
But the swelling process takes as long time as the traditional PNIPA gel does. The
hybridgel exhibits super-rapid shrinking but slow swelling behavior because of these
millions of small segmented domains. The calculated shrinking time is about 10s,
which is very close to our experimental results. Our new strategy provides a novel
method to improve the performance of traditional PNIPA gel on thermal response and
to explore potential applications in biotechnology and medical fields. (Xinjiang Chen,
Kaoru Tsujii, Macromolecules, 2006, 39, 8550-8552)
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