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ABSTRACT:
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In this work, we utilize chemical stresses from imbalanced interdiffusion to manipulate the shape
of metal nanowhiskers. Bimetallic Au-Fe and Au-Pd nanowhiskers with an ultra-high bending
strength were synthesized employing molecular beam epitaxy technique. The one-sided Fe coating
on the defect-free, single-crystalline Au nanowhisker exhibited both single- and poly-crystalline
regions [1]. A similar one-sided Pd coating was fully heteroepitaxial with the Au nanowhisker [2].
At low temperatures, the bending was limited and reversible, indicating that it is caused by thermal
stresses due to the mismatch of thermal expansion coefficients of Au, Fe and Pd. Annealing the
bimetallic nanowhiskers at higher temperatures led to gradual change of curvature and irreversible
bending. In the Au-Fe nanowhiskers, the plastic bending was dominated by Kirkendall effect during
diffusion of Au along the grain boundaries in the Fe layer, whereas in the Au-Pd nanowhiskers the
plastic bending was related to partial coherency loss at the interface. At higher temperatures and
longer annealing times, the bending of both types of bimetallic nanowhiskers was dominated by
the interdiffusion of Au and the material of one-sided coating (Pd, Fe), and concomitant change of
the lattice parameter of the formed Au-Fe and Au-Pd alloys. The directional anisotropy of
interdiffusion in the Au-Fe nanowhiskers was attributed to the finite mobility of interphase
boundaries.
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