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Figure 1. Schematic of a generic LLC mesogen and an illustration of
o ] ] some common LLC phases.
A promising approach to the design of functional, nanostruc-

tured materials is the polymerization of amphiphilic monomers polymerizable moiety, likely contributing to the limited success
in lyotropic liquid crystalline (LLC) phases (Figure 1Previous of these systems. Herein, we report a new family of LLC
work has shown that it is possible to polymerize reactive monomers that can be homopolymerized in thepHase at
amphiphiles in the lamellar (L,inverted hexagonal (b, and ambient temperature with retention of phase mesostructure and
bicontinuous cubic (@)% phases with retention of nanostructure. with a degree of polymerization greater than 90%. The soluble
These polymerized assemblies have been used as biomembrangolysoap from homopolymerization can be diluted to an isotropic
mimetics¢ scaffolds for functional nanocomposited? catalytic solution or desiccated, and it reversibly re-forms thepHase
organic zeolite analogué5sand media for potential bioencapsu- upon returning to the original concentrati#hAdditionally, the
lation and controlled-release applicatidfis. LLC monomers can be copolymerized with divinylbenzene (DVB)
Polymerization of amphiphiles in the regular hexagona) (H to generate a cross-linked structure, again with retention of the
phase would afford ordered arrays of either linear polysoaps or, nanostructure. These amphiphiles incorporate a polymerizable
with cross-linking, polymer nanofibrils. These ordered polysoaps hydrocarbon 1,3-diene tail and a phosphonium headgibtipe
and nanofibrils could be useful for nanocomposite synthesis or diene tail is more reactive than a terminal alkyl olefin and is closer
as novel mineralization platforms, in much the same way as lipid in character tar-alkyl chains than traditional (meth)acrylate and
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microtubulest~# Initial work by Luzatti and co-workers em-
ployed a cross-linker to stabilize the phase but afforded network
gels rather than discreet fibritsAdditionally, a number of
attempts to homopolymerize amphiphilic monomers in the H

styrenic groups. Additionally, the larger phosphonium group
should better direct the formation of the Hhasé! and give
enhanced X-ray diffraction contrdstcompared to the corre-
sponding ammonium or carboxylate groups.

phase have been made but resulted in either loss of phase or low

degrees of conversiofi.'® Friberg and co-workers observed

complete conversion to the L phase when attempting to polymer-

ize sodium 11-undecenoate in thepgtase>®McGrath reported
radical polymerization of 11-undecenyltrimethylammonium bro-
mide in the H phase with retention of mesostructure, but the
reaction only proceeded to ca. 40% conversfoishibasaki
reported similar results with salts of 10-undecenoic atid.
Previous homopolymerization studies in thge phase all
employed amphiphiles with an unactivated terminal olefin as the
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Three phosphonium diene mesogeha-{c) were synthesized
from the corresponding-bromoalkyldienes by reaction with
trimethylphosphine in 2-propanol at 86 .2 The w-bromoalkyl-
dienes were prepared from the reaction af-aromoalkanal with
Matteson’s reagefftand subsequent acid-catalyzed elimination,
as described previousty The w-bromoalkanals were synthesized
by PCC oxidation of the appropriate-bromoalkanolg?

Compoundlb demonstrated the best LLC behavior and will
be the focus of this communicatiéh.A two-component am-
phiphile/water, and three-component amphiphile/water/DVB phase
diagram were prepared fdib using polarized light microscopy
(PLM) to map the phase boundaries and X-ray diffraction (XRD)
to confirm the identity of each phase region. The two-component
phase diagram afb and water exhibits the Hphase from 50 to
75 wt % amphiphile between 25 and 8C. Additionally, 1b
exhibits a Q phase from 75 to 85 wt % amphiphile at-375
°C, and a L phase between 85 and 95 wt % amphiphile from 63
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system is in contrast to the phase-change observed by Fiférg,
and the low conversions reported by ShibaSadind McGratht®

Samples containing DVB cross-linker also retained their
structure, as can be seen from the PLM textures (Figure 2c) and
XRD profiles (Figure 3c). The optical texture changed very little.
In the XRD pattern, the intensity of the primary peak decreases
significantly, but a relatively strong second peak is observed
corresponding to expected hexagonal spaéidg.this case, the
behavior of our system is similar to that reported by Luzzati using

1°C (12.6x) of (a) H phase of 57/39/4 styrene-based amphiohilés
(w/wiw) (1b/H,O/DMPAP) before polymerization, (b) same composition y phip )

after polymerization, (c) (25:2) 55/35/1/9 (wiw/wi/w) Lb/H,O/DMPAP/ The irradiated phases also display different thermal behavior
DVB) before polymerization, and (d) same composition after polymer- cOmpared to the initial LLC phases, consistent with a formation
ization. of polymer. Prior to photopolymerization, the optical texture of

the H phase ofLb without DVB clears at 85C. In contrast, the
homopolymerized sample does not clear, but instead the optical
texture transforms at 150C to a lamellar mosaic texture. The
optical texture of the Hphase oflb containing DVB prior to
irradiation clears between 68 and 7€. After photopolymeri-
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zation, the observed texture is stable up to 220

To obtain more information on the structure and connectivity
of 1b homopolymerized in the Hbhase, the sample was examined

by FT-IR spectroscopy. The sample exhibited a strong stretch at
983 cnt1?, characteristic ofrans-1,4-polymerization, and showed
no evidence of peaks at 735 or 910 ¢mesulting fromcis-1,4-

and 1,2-polymerization, respectiveThe IR spectra of a control
sample oflb photopolymerized in an isotropic aqueous phase
(1 wt % amphiphile) with the same ratio of initiator also showed

c features indicative of solelyans-1,4-polymerization. Therefore,
the polymer derived from polymerization in the phase appears

to be structurally similar to that obtained from an isotropic
polymerization.

In summary, we have developed a new polymerizable am-
phiphile that can be homopolymerized or copolymerized with
DVB in the H phase with retention of the mesostructure. To our
knowledge, this is the first example of a homopolymerizable H
system that both retains its phase and reaches a high degree of
conversion. Further studies will examine the molecular weight
and polydispersity of the linear polymers, explore their potential
in composite materials, and investigate the possibility of polym-
erization and cross-linking in the,(phase.
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Figure 3. XRD profiles of (a) H phase of 57/39/4 (w/w/w})b/H,O/
DMPAP before polymerization, (b) same composition after polymeriza-
tion, and (c) 55/35/1/9 (w/w/w/w)ib/H,O/DMPAP/DVB after polym-
erization.

to at least 80C. From the three component mixturelds, H,O,

and DVB, it can be seen that the phase can incorporate up to
about 10 wt % DVB. Figure 2a shows a representative optical
texture of the observed Hphase containing 2,2-dimethoxy-2-
phenyl-acetophenone (DMPAP) as a photoinitiator, and Figure

3a shows an XRD profile of the same Hhase showing the Sciences Division, U.S. Department of Energy (DE-AC03-76SA00098).

expected peak ratio of 1B AN 41INT. Additional support was provided by the National Science Foundation
Homopolymerization studies were performed on samples (DMR-9625433) and a Research Fellowship from the Alfred P. Sloan

composed of 57/39/4 (w/w/w)b/H,O/DMPAP. Copolymeriza- Foundation to D.L.G. B.A.P. thanks Eli Lilly for a graduate fellowship.

tion studies with added DVB cross-linker were performed on

samples with a composition of 55/35/1/9 (w/w/whdip/H,0O/ Supporting Information Available: Full experimental details and

DMPAP/DVB. The samples were then irradiated with 365 nm characterization data for compounds and polymers synthesized in this

light for 16—20 h at 24+ 1 °C. study; phase diagrams fib; *H NMR and IR spectra illustrating polymer
Samples polymerized without DVB remain anisotropic and cpnversion and structure (PDF). This material is available free of charge

display an optical texture very similar to that of the initia) H Vi@ the Intemet at http://pubs.acs.org.

phase (Figure 2b). The XRD pattern shows slightly reduced peak JA0058583

intensities (Figure 3b) but suggests that thestructure is intact.

1H NMR analysis of the resulting homopolymer revealed almost ~ (27) The loss of intensity in the XRD pattern could be due to phase

complete disappearance of the 1,3-diene peaks at 5.04, 5.66, an@éegregation caused by poor copolymerization; however, the PLM data do not

6.00 ppm, and the concomitant appearance of a broad olefin peaKshow segregatlonoon that length scale, and extraction of the polymerized phase

» alid e LA _ - ~Aremoved only 28% of the material as soluble polymer.
at 5.30 ppm, indicating ca. 90% conversion. The behavior of this  (28) Arlt. K.; Heitz, W. Makromol. Chem1979 180, 41.
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