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ABSTRACT

The prediction of the size-dependent nanowire Young’s modulus has been a critical issue in experimen-
tal and computational nanomechanics. The experimental issues arise due to uncertainties related to han-
dling, positioning, imaging, gripping, applying and simultaneously measuring the nanoscale forces and
displacements that are needed to accurately characterize the Young’s modulus of nanowires. The com-
putational difficulties arise due to the lack of multiscale models that accurately capture surface stress
and surface elastic effects on the nanowire mechanical properties. In this work we utilize the recently
developed surface Cauchy-Born (SCB) model, which incorporates surface effects within a conventional
three-dimensional nonlinear finite element formulation, to study the size-dependent Young’s modulus
of gold nanowires. In particular, we study fixed/fixed nanowire geometries, and use the SCB model
to predict the nanowire Young’s modulus through numerical bending and resonance tests. Differences
that arise between the resonance and bending predictions will be explained within the surface elasticity
framework, with comparisons to available experimental data, while the variations in nanowire modulus
will be further characterized as functions of size, geometry and surface area to volume ratio.

E-mail: harold.park@colorado.edu

REFERENCES

[1] H.S. Park and P.A. Klein. “Surface Cauchy-Born Analysis of Surface Stress Effects on
Metallic Nanostructures,” Physical Review B 2007; 85:085408.

[2] H.S. Park and P.A. Klein. “Boundary Condition and Surface Stress Effects on the Resonant
Properties of Metal Nanowires”, submitted to Journal of the Mechanics and Physics of
Solids 2008.


