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Self-assembling of tubular skeletons from electric current filaments composed of lengthy magnetic dipoles
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In the frame of the project on modeling the electrodynamic aggregation of nanodust toward macroscopic fractal skeletal structures, the possibility is demonstrated of self-assembling of coaxial tubular skeletons from initially linear filaments of electric current, composed of static lengthy (i.e. one-dimensional) magnetic dipoles, which possess (longitudinal) electric conductivity and electric charge screened with its own plasma sheath. 

Modeling is carried out with the help of the model [2] for electrodynamic (magnetic and electric) aggregation of nanoparticles in the electric discharges. The test of the model on the example [1(A,B)] of dynamics of a hypothetical, “manually-assembled” tubular skeleton (composed of ~300 and ~600 dipoles) subjected to a pulsed action of magnetic field of a distant electric current showed the conservation of skeleton’s integrity and the trend towards formation of toroidal tubular structure under the action of internal and external currents. Such a trend allowed drawing the parallel with the experiments [2] on the production of large carbon-based tubular toroids (of ~100 nm major and ~10 nm minor radii), including the Q-shaped toroids, under the pulsed laser action on carbonaceous targets. 

Here, in extension of the results [1(B)], we analyze one of the most important stages of the probable process of tubular skeleton’s self-assembling, namely a transition from initially linear filaments of electric current, composed of nanoblocks with the above-mentioned properties, towards a tubular skeletal structure. The electrodynamic formation of a skeleton, via magnetic threading of the skeleton, is demonstrated for the case when a part of the dipoles in the initially linear filaments has the uncompensated magnetic flux. For such a system, an analytic substantiation of the possibility of electrodynamic formation of coaxial, nested tubular structures is given. The suggested scaling law for characteristic size of tubularity shows its efficiency in optimization of self-assembly conditions and appears to qualitatively agree with numerical modeling results for a system of ~500 magnetic dipoles, which are initially arranged as 25-50 linear electric current filaments. 

We will exhibit various examples of visual three-dimensional dynamics of the above-mentioned stage of self-assembling of coaxial tubular skeletons, and give a brief survey of the current status of the phenomenon of anomalous magnetization of nanostructures (especially, in carbonaceous compounds), which is one of the key elements of the hypothesis (1998) for self-similar skeletal structures (for this hypothesis and its verification see [2]).
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