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Block copolymers belong to a broad class of amphiphilic compounds that includes soaps, lipids and nonionic
surfactants. These macromolecules assemble into micelles with molecular dimensions on the order of 5 to 50 nm
in size when mixed with excess solvent that preferentially solvates one block type. This presentation will explore
two different aspects of block copolymer micelle formation. The fundamental thermodynamic and kinetic factors
that control micelle shape and dynamics will be discussed based on small-angle x-ray and neutron scattering (SAXS
and SANS) experiments and cryogenic transmission and scanning electron microscopy results. Although the structural
features displayed by amphiphilic block copolymers resemble those associated with the self-assembly of lipids and
simple surfactants (e.g., spherical and cylindrical micelles and vesicles) a macromolecular architecture leads
to remarkably different dynamic properties, linked to a vanishingly small critical micelle concentration. As a
consequence, molecular exchange is rapidly extinguished with increasing molecular weight resulting in non-ergotic
behavior. These concepts have been exploited in developing a recently commercialized technology that provides
immense improvements in the fracture toughness of thermosetting epoxy plastics, which also will be described.
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Soft materials constitute a familiar class of condensed matter. Representative examples include all types of polymers,
colloidal dispersions, foams, and biological tissue such as collagen and spider silk. Block polymers are a form of
macromolecules that provide unparalleled material design opportunities through the coupling of distinct polymer blocks
that incorporate different physical properties. Modern synthetic chemical methods afford access to an unlimited number
of architectural variations that begin with simple diblocks and progress through a dizzying array of graft and branched
geometries. This lecture will focus on relatively simple molecular designs – linear macromolecules that contain two or
three different block types strategically sequenced to create useful multiblock molecular architectures. A rich array of
nanostructured phases resulting in tailored rheological and mechanical properties have been achieved in these materials.
Block polymers present unique characterization challenges while offering a plethora of intriguing fundamental scientific
issues coupled to exciting technical applications. Examples that illustrate the synergistic use of self-consistent field theory
along with transmission electron microscopy, small-angle x-ray and neutron scattering, dynamic mechanical spectroscopy
and tensile testing will be discussed in the context of research that has led to interdisciplinary discoveries regarding phase
behavior in condensed matter while generating commercial products.
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