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SUMMARY 

The goal of this research program was to create ultrathin organic membranes that 

exhibit high permeability and high permeation selectivity toward gases. Such membranes 

were expected to provide the basis for energy-efficient methods of molecular separation. 

Work that was carried out during the course of this program focused on: (i) the design 

and synthesis of a wide variety of calix[n]arene-based surfactants, (ii) the characterization 

of the monolayer properties of these surfactants, (iii) the fabrication of composite 

membranes using Langmuir-Blodgett films derived from calix[n]arenes and a variety of 

organic polymeric supports, and (iv) the characterization of the permeation properties of 

the resulting composites. 

R 

Calix[n]arene PTMSP 

A major finding that came out of this effort was that Langmuir-Blodgett films can 

be used as ultrathin membranes for the separation of gases such as helium and nitrogen. 

The ultrathiness of the membrane separators (<40A) that were synthesized as part of this 

program was without precedent. Given the inverse relationship that exists between the 

flux of a permeant and the thickness of a membrane separator, this finding was of special 

signficance. A fundamental discovery that was made was the need to have the diameters 

of individual porous surfactants greater than the diameter the surface pores of the support, 

in order to create defect-free film. When the diameters of the porous surfactants were 

smaller in diameter, the resulting Langmuir-Blodgett film was found to undergo a 

disassembly process. In addition, unusual pressure effects were found with certain 

3 



Q 

perforated monolayer films. In contrast to all known polymeric membranes, when the 

pressure gradient of permeant was increased, the normalized flux was found to increase 

in selected cases. The last publication in this series, which summarize these pressure 

effects, presents a model in which small molecules such as helium can diffuse through 

individual porous surfactants, as well as between neighboring calix[6]arene-~urfactants. 

In contrast, larger permeants such as nitrogen are unable to pass through individual 

calix[6]arenes. Instead, permeation is largely confined to a pathway that runs between 

neighboring molecules. 

The details of all of the work that has been carried out during the course of this 

program appears in the following publications: 
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