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Atomic structure and optoelectronic properties of inorganic nanotubes 
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In 1991, Iijima proposed that flat graphene nanoribbons transform into carbon 
nanotubes under appropriate conditions1. Following this discovery, Tenne et al. 
showed in 1992 that inorganic layered compounds can also form inorganic nanotubes 
(NTs)2. Inorganics NTs covers now a wide range of materials and structures including 
transition metal dichalcogenide and misfit layered compounds (MLCs)3,4. MLCs are 
materials that are composed of stacks of chemically and structurally dissimilar layers 
with incommensurate lattice parameters.  
In this work, we report the detailed structures and chemical composition of recently 
synthetized5,6 MLCs NTs elucidated by using a combination of DFT calculations and 
different TEM techniques including probed-corrected high-resolution scanning TEM 
(HR-STEM HAADF), iDPC imaging, image simulation and spatially-resolved EELS 
(SR-EELS).  
Results obtained on quaternary chalcogenide-based misfit NTs LnS(Se)-TaS2(Se) (Ln 
= La, Ce, Nd, and Ho) showed that sulphur atoms were bound preferentially to 
lanthanum while selenium atoms were bound to tantalum5. Therefore, a sequence of 
double La-Ta and S-Se superstructure was obtained in the LaS-TaSe2 nanotubes. 
Results obtained on alloyed LaS-(NbxTa1-x)S2 NTs will also be presented (Figure 1)6. 
Whereas, the TaS2 in the LnS-TaS2 (Ln=lanthanide atom) compounds crystallize in 
the 2H polytype, we show that, invariably MLC nanotubes prepared from 80 at% Nb 
content in the precursor belonged to the 1T polytype. The characterization of a new 
nanotubular misfit-oxide phase, CaCoO2–CoO2 will also be discussed7. 
Finally, we also investigated the optoelectronic properties of the oxide-based MLCs 
nanotubes by combining monochromated low-loss spatially resolved electron energy-
loss spectroscopy experiments with time-dependent hybrid density-functional theory 



calculations. Experimental and calculated results independently confirm an optical gap 
of 1.9–2.1 eV and calculations suggest the existence of strongly bound intralayer 
excitons, which could allow for optoelectronic applications of these nanotubes at near-
infrared to visible wavelengths.8 Likewise, excitonic properties obtained on WS2 
nanotubes by using monochromated low-loss EELS will also be presented. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. a) HRSTEM-ADF micrograph of a LaS-(NbxTa1-x)S2 NT. The green square highlights the 
area used for the acquisition of the EELS spectrum image. b) Corresponding EELS spectra showing the 
La-M4,5, Ta-M4,5 and Nb-L3 edges. c) (from top to bottom); dark field image acquired simultaneously 
with the EELS spectrum image. La, Ta and Nb chemical maps extracted from the integrated intensity of 
the corresponding edges. d) iDPC image superposed with the atomic model of the LaS sub-system.  
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