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Abstract

Interest in one-dimensional nanostructures (e.g., carbon nanotubes, DNA nanorods etc.)
has surged dramatically due to their exceptional optical, thermal, electrical, magnetic
and mechanical properties. The deformations of these nanostructures have been studied
using both fully molecular approach as well as continuum formulations. These nanos-
tructures have been modeled using two-dimensional shell theory as well as several one-
dimensional theories such as FEuler-Bernoulli and Timoshenko beam theories. However,
the one-dimensional theories fail to model large cross-sectional rotation in these nanos-
tructures. To overcome this limitation, this thesis focusses on modeling of elasticity of
such nanostructures using the one-dimensional continuum theory of Cosserat rods.

Broadly speaking, the present work proposes three different techniques to obtain
nonlinear elastic constitutive relations of these nanostructures: (1) a multiscale tech-
nique (Helical cauchy-Born rule) to obtain nonlinear elastic constitutive relations through
molecular statics of the smallest repeating cell of nanostructures (2) a fully continuum
approach to obtain extensional and twisting stiffnesses of circular nanorods incorporating
also the surface effects (3) use of phonon dispersion curves to obtain stiffnesses.

Using the Helical Cauchy-Born (HCB) rule, shearing stiffness and several other cou-
pling stiffnesses of nanorods (e.g., coupling between bending-shear, bending-stretching,
bending-twisting etc.) can now be obtained accurately when compared to existing tech-
niques. The stiffnesses so obtained do not obey the usual formulae for continuum beams
primarily due to surface stress effects inherent in nanobeams. To capture this effect in

a fully continuum-setting, explicit analytical formulae for extensional and twisting stiff-
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nesses of isotropic circular nanorods are also obtain in terms of their bulk and surface
material constants. The continuum formulae for stiffnesses of rectangular nanorods al-
ready exist in the literature. These formulae have however been incorrectly extended
by various researchers to circular nanorods. Our formulae suggest that these stiffnesses
not only depend upon surface and bulk elastic constants but also on surface residual
stress. Finally, we discuss about phonons in the context of chiral nanotubes and show
how phonon dispersion data can be used to obtain various stiffnesses of chiral nanotubes.
We also obtain analytical formulae to show the effect of coupling stiffnesses as well as
stretching and twisting of the nanotube on frequencies as well as mode shapes of longitu-
dinal, torsional, bending, shearing and radial breathing phonon modes. Existing works
in this regard are very limited.

These methods are used to obtain various stiffnesses of diamond nanorods, tung-
sten nanorods and single walled carbon nanotubes (SWCNTs) when modeled as a special
Cosserat rod. It is shown that the extensional and twisting stiffnesses of circular tungsten
nanorods obtained using the HCB rule follow our analytical formulae for stiffnesses accu-
rately. We also obtain interesting buckling results for diamond nanorods and SWCNTs
using fully atomistic simulations. These observations from fully atomistic simulations
are accurately replicated in the finite element special Cosserat rod simulation when the
material nonlinearity is also incorporated. However, the FEM results exhibit completely

different trend when only linear material laws are incorporated.
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