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Buckling-induced giant property response in nanostructures and mechanical design
of novel devices
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By means of multiphysics aﬁproaches combining atomistic model analyses and
electronic structure calculations, the buckling behavior and buckling-induced property alteration in

nanostructures were investigated in detail. In axial buckling of nanotubes, the possibility of
tuning buckling modes and behavior of band gap change with the aspect ratio was presented. The
possibility of modulating buckling behavior by the inclusion of defects was also revealed. Moreover,
we demonstrated the methodology of constructing a new framework of multiphysics interatomic
potentials using a deep-learming model, which enables efficient predictions of electronic states
associated with large deformation.
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Fig. 2: Buckling-induced changes in the electronic-energy band gap of (n, 0)
zigzag SWNTs under axial compression.
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Fig. 3: Buckling-mode dependence of the stress (squares) immediately after
buckling and that of the gap modulation (circles)
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Fig. 4: Tube diameter-driven modulations in: (a) the critical buckling force and
(b) critical buckling strain in axial buckling of single-wall carbon nanotubes.

Fig. 5: Buckled imogolite structure
in perspective (a) and top (b) views.
Arrow indicates site of defect.
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Fig. 6: Change in stress during axial compression of imogolite models with no
defect (a), defect type A (b) and defect type B (c).
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Fig. 7: (a) Integrated DoS and (b) DoS of unbuckled (12,0) carbon nanotube
evaluated by DFTB and ANN.
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Fig. 8: DFTB and ANN evaluations of DoS of buckled (10,0) carbon nanotubes at
length of 124 A (a) and 120 A (b). Initial length is 127.8 A.
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