Measuring How the Local Glass Transition Temperature Shifts Across a Glassy-Rubbery Polymer-Polymer Interface
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	Recent advances in block copolymer synthesis have led to new routes to forming nanostructured polymer blends putting rubbery, glassy, and crystalline phases in intimate contact.  These new multicomponent block copolymers can be designed to self-assemble into a range of morphologies including unique intertwined co-continuous phases with domain sizes easily less than 100 nm in size.  Efforts to understand the unique properties of these new nanostructured materials have been limited to measurements of macroscopic properties correlated with the observed microstructure.  Here, we use individually assembled multilayer films with specific layer thicknesses to act as a model system mimicking the local morphology of such nanostructured blends.  A fluorescence technique is used to directly measure the local glass transition temperature (Tg) profile as a function of distance from a glassy-rubbery polymer-polymer interface.   

	We focus on a polystyrene (PS) / poly(n-butyl methacrylate) (PnBMA) weakly immiscible system with a 7 nm interfacial width [1] that creates an 80 K Tg difference across the interface from one bulk Tg value to another.  Multilayer films of high molecular weight PS and PnBMA are constructed where an ultrathin (10-15 nm thick) pyrene-labeled layer is inserted into the multilayer structure at different positions (z) from the glassy-rubbery interface.  Temperature-dependent fluorescence intensity is collected to determine the local Tg(z) at a given position z from the interface.  Using a series of different samples, we are able to map the Tg(z) profile across this glassy-rubbery interface.  Our work reveals a gradient in the local Tg(z) that spans ~400 nm across the interface from one bulk Tg value (TgPnBMA = 20 oC) to another (TgPS = 100 oC).  The results demonstrate that local properties can be highly coupled across polymer-polymer domains within nanostructured blends, easily spanning entire domain sizes.  This is in contrast to how the glass transition of polymer blends are traditionally treated, assumed to depend only on the local composition within a few nanometers [2], such that neighboring domains, even in nanostructured polymer blends, are presumed to have independent Tgs.  

[bookmark: _GoBack]	Surprisingly we find that the local Tg(z) gradient across the glassy-rubbery PS/PnBMA interface is highly asymmetric, extending much further into the glass PS side.  This observation is consistent with recent theoretical predictions from a limited mobility model for glassy dynamics in confined systems [3].  For decades Tg in confined systems has been studied with the hopes of uncovering the length scales that impact the glass transition.  In ultrathin confined films, free surface and substrate perturbations induce gradients in local Tg spanning several tens of nanometers indicating that cooperative dynamics are coupled in some fashion across multiple cooperatively rearranging regions (CRRs) [4,5].  However, understanding length scales of local Tg gradients near a free surface has been hampered by limitations of how to treat the enhanced mobility at the free surface theoretically.  In our study, a glassy-rubbery polymer-polymer interface is used to establish an 80 K local Tg gradient from one well-defined Tg value to another, thereby introducing a well-defined system with Tg asymptotics on both sides of the glassy and rubbery polymer-polymer interface.  
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