Functionalization of silica membranes with lipid bilayers for sugar recovery
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[bookmark: _GoBack]The ability of biological membranes to facilitate the selective transport of ions or hydrophilic molecules through carrier protein inspired the design of facilitated transport membrane for highly selective separations in dilute aqueous solute systems. For constructing an artificial membrane, thin film mesoporous silica, which has tunable pore morphology, chemical, thermal stability and ease of organic functionalization, are an ideal support for lipid bilayers. Manipulating the pore size of the silica thin films, an artificial lipid bilayer can be prepared in the form of pore enveloping or pore filling. Combining selective permeable lipid bilayers with high surface area silica materials suggests many potential applications for efficient, selective dilute aqueous solute separations. The recovery of aqueous glucose, which can be bound and released by boronic acid carriers, has been chosen as model separation, representing the recovery of dilute carbohydrates from the depolymerization of biomass. The separation of glucose using lipid bilayer supported within the pores of mesoporous silica thin film composite membranes is examined, in which the carbohydrate carrier (boronic acid) is immobilized in the bilayer. The selective separation of carbohydrates from biomass hydrolysate mixtures will address significant challenges to the biochemical production of biofuels and chemicals from lignocellulose.
In this work, vertical oriented hexagonally close packed (HCP) silica thin films on macroporous support were used as the lipid supports, which was demonstrated to have ordered pore structure and accessible porosity by TEM, solvent flux of ethanol and permeability of fluorescent molecules. Lipid filled membranes (in the absence of boronic acid) prevent the transport of glucose across the membrane, while bare silica and lipid-enveloped supports did not act as effective barriers to aqueous sugars.  The ability of lipid filled pores to act as a barrier to sugar transport provides basis for selective separation with the incorporation of biomimetic carriers in the bilayer. For example, the glucose permeability was significantly improved after immobilizing the boronic acid into the lipid filling system, which confirmed the ability of boronic acid to facilitate the transport of glucose through the lipid bilayer. Based on the different affinity of boronic acid to the sugars (glucose, fructose, xylose and sucrose), factors like pH gradient, temperature (related to the lipid bilayer diffusivity) and boronic acid composition are explored to improve the transport and selectivity for sugars across lipid filled mesoporous thin film silica membranes. 
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