Ethanol inside graphene oxide membranes – spin probe technique investigation
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Graphene oxide membranes (GOMs) are partially ordered layered materials with a complex inner structure. Membranes attract a lot of attention because they demonstrate selective permeability for gases and liquids [1]. Materials are also capable of separating ions [2], desalinating water [3], and are promising species for use as drug delivery platforms [4]. By now, it has been established that a dry membrane is impermeable to gases and a number of polar liquids, but is highly permeable to water [1]. It has been shown that water penetrates through the membrane with a rate of 5 orders of magnitude higher than ethanol [1]. At present, there is no evident answer to the question of what is the mechanism of a liquid transport through a graphene oxide membrane, and what is the phase state of an intercalated substance in the inter-plane space of GO membranes.
The present work is devoted to the study of ethanol sorption by graphene oxide membranes and the determination of the mobility of the intercalated substance in the inter-plane space using the spin probe technique. Earlier, we showed that polar liquids can coexist inside powder graphite oxide as three fractions with different molecular mobility (microviscosity). Ethanol demonstrates a significantly greater contribution of a highly mobile liquid-like fraction compared to water and acetonitrile [5]. 
The experiments were carried out using the membrane made of graphene oxide synthesized by Hummers’ method. Ethanol was inserted into the membrane as blowing the membrane from both sides under conditions of the controlled ethanol vapor content in the gas flow (in situ) and in the mode of the ethanol penetration through the membrane (in operando). The mobile liquid-like fraction is formed inside the membrane in situ, but was not formed in operando. Thus, the molecular mechanism of the movement of alcohol molecules through the membrane is not connected with the formation of a condensed liquid phase.
This study was carried out as part of the state assignment on the topic “Interdisciplinary approaches to the creation and study of micro-/nanostructured systems” (registration no.  125012200595-8).
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