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To achieve complex self-assembled multifunctional architectures, one needs higher ordered liquid crystalline phases, such as biaxial phases. The biaxial phase, which has two main order directors, can lead to multilevel self-organization of particles  However, it is very difficult to produce stable biaxial phases. Mixture of rods and disks have been predicted to form biaxial phases, but never experimentally realized. Rods and disks are postulated to possibly have an entropy-driven competition between excluded volumes of these distinct particles leading to a biaxial nematic phase, and hence resulting in mutual orientation and self-organization of the whole system. Precise structural control of the final architectural design can be achieved through regulating inter and intra-particle interactions as well the shape of the constituents. However, to achieve such precise control over structural design and consequently final properties, anisotropic building blocks are needed.
Here, composites of large sheets of graphene oxide and model rod shape particles were used to formulate a biaxial liquid crystalline phase, which to the best of our knowledge has not previously been reported. The biaxial phase was characterized using synchrotron small angle X-ray (SAXS). Furthermore, shear flow as a local environmental stimulus was used through extrusion-based additive manufacturing techniques (3D printing and fibre spinning) to create self-ordered graphene-based hierarchical scaffold electrodes amendable for energy storage & conversion, electrocatalysis and bionic applications.
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