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(a) Principal Investigator: Douglas L. Gin 

(b) Phone Number: (510)642-7756 

(c) Cognizant ONR Program Officer: Dr. Kenneth J. Wynne 

(d) Program Objective: 

Current polymer membrane manufacturing technologies afford extremely poor control over 
critical structural features such as pore size, pore architecture, and pore density in the nanometer 
size regime. In addition, current technologies offer few chemical alternatives to addressing the 
problems of membrane fouling which degrade membrane performance with use. The objective 
of the current research project is to develop a new class of new highly ordered, polymeric 
materials containing uniform pore sizes in the nanometer range using polymerizable lyotropic 
(i.e., amphiphilic) liquid crystals as building blocks, in which the arrangement, size, and 
chemical properties of the pores may be tailored on the molecular level. Specifically, our 
objective is to develop crosslinkable lyotropic liquid-crystalline monomers that spontaneously 
form the inverse hexagonal phase in the presence of water and can be photo-polymerized with 
retention of the overall microstructure (see view graphs enclosed). The result would be robust, 
crosslinked polymer networks with tunable, aligned, nanometer-scale channels of extremely 
uniform size. 

(e) Significant Results and Progress: 

In the five month period between the termination of our first ONR grant (from which seed 
money was obtained to initially develop this membrane project) and the date of this report (one 
month into the current grant), significant progress has been made in pore size control and 
fabrication of the nanoporous networks into usable membrane films. Samples of these films 
have been submitted for study. 

Previously, we reported demonstration of basic proof of concept for this project. Two novel 
amphiphilic monomers were synthesized that adopt the inverse hexagonal phase and can be 
photopolymerized with retention of the hexagonal channel architecture (Scheme 1). Preliminary 
experiments also showed that the channels in LC phases of monomer 1 can be homeotropically 
aligned in thin films using simple techniques. Over the past five months, we have managed to 
systematically alter the interchannel spacing (and implicitly, the channels diameter) of these 
nanoporous networks by exchanging the sodium counterion of the monomers with transition- 
metal and lanthanide ions. For example, the Ni(II), Co(II), Ce(III), and Eu(HI) analogs of 1 all 
exhibit the inverse hexagonal LC phase, but with varying interchannel spacings in the 29-37 A 
range. Photopolymerization of the LC phases of these monomers result in retention of the phase 
architecture and dimensions. The significance of this work is that a simple method can be used 
to control pore size in these nanoporous materials. The optical and magnetic properties of the 
transition-metals and lanthanide ions are apparently also incorporated into the resulting 
polymers, thus affording the potential more advanced membrane applications. 

Transition-metal and lanthanide exchange in monomer 1 in general alter the processability of 
the resulting LC phase. For exampe, the Ni(II) and Co(II) analogs of 1 are much less viscous and 
pasty at ambient temperature than the sodium salt.   They also can be processed to give 



homeotropically aligned films at much lower temperatures. Polymer networks made with the 
Co(II) salt can be homeotropically aligned so well that polymerized films > 60 |im thick are 
optically transparent, yet are brown-colored and display the characteristic X-ray diffraction 
profile of a hexagonal phase, consistent with a monodomain sample. Polymer films of 1 and its 
Co(II) analog (approximately 1.5-2 cm in diameter) have just been submitted to Prof. B. 
Freeman at NCSU for quantitative determination of water uptake. (Preliminary experiments by 
the Freeman lab have demonstrated that earlier samples of polymerized 1 absorb water). 
Samples have also been submitted for BET gas absorption measurements in order to determine 
surface area. 



Description of Enclosed View Graphs and Slides 

View Graph # 1: 

This view graph presents an overview of the rationale and accomplishments of our 
membranes research program over the past 5 months, from the termination of our last ONR grant 
(from which seed money was used to develop the membranes project) to one month after the start 
of the current grant. We have managed to not only provide proof of concept for the novel 
approach of constructing ordered nanoporous membranes using polymerizable amphiphilic LCs 
as building blocks, but we have also demonstrated control over pore dimensions and 
macroscopic sample alignment utilizing changes in molecular structure. Samples of aligned 
nanoporous films are currently under evaluation by collaborators. 

View Graph # 2: 

This view graph shows x-ray diffraction evidence for the inverse hexagonal structure for one 
of primary monomer platforms, which contains long aqueous channels in a close-packed 
hexagonal arrangment. X-ray diffraction provides unequivocal confirmation for this nano- 
architecture, since LC phases with other geometries have characteristically different X-ray 
diffraction peaks. The graph shows that the LC monomer phase with the composition specified 
above has an interchannel spacing of approximately 4 nm (i.e., dioo/cos 30°) at ambient 
temperature. After one hour of photopolymerization with 365 nm light (1800 |iW/cm2) at 
ambient temperature, the resulting insoluble, crosslinked film exhibits the same characteristic X- 
ray diffraction profile, except that the unit cell dimensions have decreased slightly as would be 
expected upon crosslinking. 

View Graph # 3 

This view graph provides X-ray diffraction data showing how the interpore spacing of the 
nanoporous networks can be changed upon exchange of the sodium cation on the headgroup with 
various transition-metal and lanthanide cations. Although not all transition-metal or lanthanide 
cation derivatives of 1 can form the inverse hexagonal phase at the system composition specified, 
one basic trend can be inferred from the small number of derivatives we have synthesized so far: 
More positively charged metal ions tend to decrease the interpore distance by drawing the 
anionic headgroups closer together. 

Photographic Slide: 

This slide (should you choose to use it) shows what thin, polymerized and oriented films of 
monomer 1 and its Co(II) analog look like. Please note the transparency and uniformity of the 
samples and the fact that these films can be made in fairly large sizes. The film thickness of the 
two fims shown are approximately 30 nm for the colorless sodium salt (1) film and 60 ixm for the 
Co(H) salt film. 
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