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Abstract
As “smaller is stronger”, nanostructured materials such as nanowires, nanotubes, nanoparticles, thin films,
atomic sheets etc. can withstand non-hydrostatic (e.g. tensile or shear) stresses up to a significant fraction
of its ideal strength without inelastic relaxation by plasticity or fracture. Large elastic strains can be
generated by epitaxy, or by static or dynamical external loading on small-volume materials, and can be
spatially homogeneous or inhomogeneous. This leads to new possibilities for tuning the physical and
chemical (e.g. electronic, optical, magnetic, phononic, catalytic, etc.) properties of a material, by varying
the 6-dimensional elastic strain as continuous variables. By controlling the elastic strain field statically or
dynamically, one opens up a much larger parameter space for optimizing the functional properties of
materials, which gives a new meaning to Feynman’s 1959 statement “there's plenty of room at the
bottom”. The roadmap for rational ESE will be addressed. These include precisely applying and
measuring large elastic strain (AFM, nanomechanics, microscopy and spectroscopy), predicting what
strain does to physical and chemical properties (ab initio to continuum scale modeling), tailoring
(sometimes via in situ experiments) quantitatively the properties in desired directions, and understanding
how large an elastic strain can be sustained for how long (mechanisms of plastic deformation, defect
evolution and failure in small-volume materials).
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