Twist mechanisms of screw dislocation
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https://www.nist.gov/news-events/news/2010/04/seeing-moire-graphene

screw dislocation growth driven



1. Eshelby twist basing on elastic theory

2. non-Euclidean twist basing on non-Euclidean geometry



Eshelby twist
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Eshelby, J. D. Screw dislocations in thin rods. J. Appl. Phys. 24, 176-179 (1953)



w M_f ow awdd —1bR2 5
= U xay Y 3x xy—zu( $°)

|

Twist in cross section of cylinder
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obvious in nano wir
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Eshelby, J. D. Screw dislocations in thin rods. J. Appl. Phys. 24, 176-179 (1953)



Eshelby twist in hanowire
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singe chiral branch of PbSe nanowire

Zhu, J., Yi,C. et al. Nature Nanotech 3, 477-481 (2008).

SEM micrpgraphs of PbS pin tree nanowires

Bierman, M. J.; Jin, S, Science 2008, 320, 1060-1063




Eshelby twist (consider inner surface energy) strain energy density
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TEM observation of screw dis- locations within
ZnO NWs and the crystal behavior of NTs.



non-Euclidean twist

aligned “fastened” “‘unfastened”
spiral spiral spiral

Triangular dislocation spiral on Euclidean and non-Euclidean
surfaces illustrating the twisting process.
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euqation of projection of triangle spirals

euqation of triangle spirals — )
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Simulated shapes of triangular and hexagonal supertwisted spirals with right-
handed screw dislocations and different twist angles.




AFM-phase

layer number
Experimental demonstration of supertwisted spirals on non-Euclidean surfaces

Yuzhou Zhao, Song Jin, Science 2020, 370, 6515, 442-445



for spirals without triangle shape
single spiral
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twisted single spiral
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twisted double spiral
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summary:

1. Eshelby twist : free energy reduction from twist, applied to NW,NT

2. non-Euclidean twist : geometrical restriction of curved surface, apply to any 2D material

3. Twist mechanisms reflect discrepancy between continuum elastic theory and crystallography.



