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Abstract: In the past decade, there has been a major thrust to synthesize low dimensional materials exhibiting
unique and outstanding physical properties. These nanomaterials are envisioned as building blocks for the next
generation of lightweight materials, electronics, sensors, and energy systems. In these applications, identification
of size and time dependent mechanical properties is essential. However, such endeavor has proven challenging
from both experimental and modeling perspectives. In this presentation, progress in nanoscale mechanical
experimentation and modeling, towards accurate identification of deformation and failure of nanomaterials will
be discussed. Two case studies will be examined. In the first one, the plasticity and time dependent failure of
silver nanowires will be explored by means of in situ electron microscopy testing and molecular modeling. We
will show that silver nanowires are very strong and exhibit unusual deformation modes arising from high surface
to volume ratios. Interestingly, we will also show that the same feature can lead to stress-driven atomic surface
diffusion, resulting in time dependent failure instabilities under constant strain conditions. In a second case study,
we will discuss the mechanical properties of graphene oxide, a material presenting functional groups ideal for
membrane filtration films and synthesis of multilayer nanocomposites. The effect of chemical functional group
type and density on monolayer toughness, stiffness, and strength will be ascertained using a combination of
nanomechanical experiments and molecular modeling. Pathways for achieving a several-fold increase in the
toughness of graphene oxide monolayers will be examined.
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