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Since the discovery of fullerene Ceo in 1985, nanocarbon materials have played a crucial
role in materials science. Over the past decade, significant efforts have been directed towards
exploring ‘post-nanocarbons’ materials. Two-dimensional (2D) layers of transition metal
chalcogenides (TMCs) have been widely recognized as ‘beyond graphene’ due to their versatile
chemistry and physics. On the other hand, their 1D counterparts could exhibit the unique
electronic properties, significantly distinct from the 2D layers as well as 1D nanocarnons.'
However, exploring their potentials has been hampered by their limited availability. Although
these materials have been prepared by using chemical and lithographic methods,” the reliable
production of well-defined 1D TMCs remains a significant challenge.

Here we report atomically precise fabrication of 1D TMCs within carbon/boron-nitride
nanotubes (CNTs/BNNTs). Chemical reactions confined inside the host NTs promote and
stabilize the bottom-up growth of 1D TMCs, allowing their facile handling and characterization.
We found that choosing suitable precursors and diameters of the host NTs gives access to a
variety of 1D TMCs including nanoribbons, nanotubes, and nanowires. Atomic-level
transmission electron microscopy enabled us to observe dynamic torsions of MoTe and WTe
nanowires inside CNTs, absent in the bulk (Fig 1a).’> Also, we have investigated electronic
properties of MoS; nanoribbons and nanotubes within insulating BNNTs (Fig 1b). Our findings

suggest that these 1D TMCs could provide new building blocks for future nanoelectronics.
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transmission electron micrograph of single-walled MoS: nanotubes inside multi-walled BNNTs.
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