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| Abstract |

Strain is known to affect the chemical and physical properties of materials. For nanostructures the
limit of elasticity was found to increase with decreasing structure size reaching the ultimate limit of
the material for defect-scarce nano-objects. This elevated yield strength opens new pathways in elas-
tic strain engineering in nanomaterials. In addition, defects generating strong strain gradients, thus
modifying inter-atomic spacings, may activate emergent physical phenomena. Besides strain, crystal
phase transformations may strongly affect the physical and mechanical properties like inducing plasticity
(TRIP effect) instead of brittleness in certain types of steels or even ceramics. To further elucidate the
mechanical properties at the nanoscale, in situ techniques allowing for visualizing the evolution of strain,
defects, and crystalline phases during nanomechanical testing are being developed. X-ray diffraction
techniques are non-invasive and thus perfect tools to study the mechanical behavior at the nanoscale in
situ. Thanks to recent developments on focusing optics, synchrotron hard X-ray beams are nowadays
routinely focused down to the 100-nm scale, thus facilitating the investigation of single nanostructures.
In the last two decades, Bragg coherent X-ray diffraction imaging, which is a lensless imaging tech-
nique, has been developed yielding spatial resolutions of 10 nm and displacement field resolutions in
the pm-range [2]. On the other hand, Laue microdiffraction is highly sensitive to crystal orientations,
defects as well as crystalline phases. It further does not need any sample rotation making it the optimal
technique for in situ nanomechanical studies. Here, examples on in situ mechanical studies of the elastic
and plastic behavior as well as phase transformations at the nanoscale will be presented
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