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Similar Nanomaterials behave differently. Why?
September 14, 2016

Nanotubes can be used for many things: electrical circuits, batteries, innovative fabrics and more.
Scientists have noted, however, that nanotubes, whose structures appear similar, can actually
exhibit different properties, with important consequences in their applications. Carbon nanotubes
and boron nitride nanotubes, for example, while nearly indistinguishable in their structure, can be
different when it comes to friction. A study conducted by SISSA/CNR-IOM and Tel Aviv University
created computer models of these crystals and studied their characteristics in detail and observed
differences related to the material’s chirality. The study was published in Nature Nanotechnology.




"We began with a series of experimental observations which showed that very similar nanotubes
exhibit different frictional properties, with intensities ranging up to two orders of magnitude,"
says Roberto Guerra, a researcher at CNR-IOM and the International School for Advanced Studies
(SISSA) in Trieste, first author of the study. "This led us to hypothesize that the chirality of the
materials may play a role in this phenomenon." The study involving also Andrea Vanossi (CNR-
IOM) and Erio Tosatti (SISSA), was conducted in collaboration with the University of Tel Aviv.

For materials, such as those used in the study, chirality is linked to the three-dimensional
arrangement of the weft that form the nanotube. "If we wrap a sheet of lined paper around itself
to form a tube, the angle that the lines form with the axis of the tube determines its chirality,”
says Guerra. "In our work we reconstructed the behavior of double-walled nanototubes, which
can be imagined as two tubes of slightly different diameters, one inside the other. We observed
that the difference in chirality between the inner tube and the outer tube has a remarkable effect
on the three-dimensional shape of the nanotubes."

A polygonal tube

"If we continue with the paper metaphor, the difference in orientation between the lattice on the
inner tube and the outer tube determine to what extent, and, in what way, planar regions (faces)
along the tube will form", says Guerra. To better understand what is meant by "faces", imagine a
cross section of the tube, which is polygonal rather than perfectly circular. "The smaller the
difference in chirality, the clearer and more obvious the faces", concludes Guerra. If, however, the
difference in chirality becomes too large, the faces disappear and the nanotubes take on the
classic cylindrical shape.

The faces appear spontaneously depending on the characteristics of the material. Double-walled
carbon nanotubes tend to form with a greater difference in internal and external chirality
compared to boron nitride. Therefore, the former usually maintains a cylindrical shape that allows
for less friction. In further studies, Guerra and colleagues intend to work directly on measuring the
level of friction between nanotubes.
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+ Original paper on Nature Nanomaterials: http://dx.doi.org/10.1038/nnano.2016.151
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 Superposition of two double-wall nanotubes with different structural conformation
following the relative chiralities: monochiral (internal nanotube) and polychiral
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