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Different forms of nanotubes, including single- and multi-wall carbon and boron nitride 
nanotubes, have received considerable interest due to their unique structure and associated 
properties. While the structure of a single wall nanotubes (SWNT) nanotube is characterized by 
its diameter and chiral angle, the structures of multiwall nanotubes (MWNT) are more 
complicated. Experimentally, a SWNT can be characterized by a variety of techniques, including 
scanning probe microscopy. Characterization of MWNTs requires a penetrating probe and 
differentiation of the structure of different walls, which is more challenging. Consequently, our 
knowledge of MWNT structures are limited compared to SWNTs. The existing structure models 
for MWNTs include the concentric cylindrical tube model, faceted tubes and tubes made out of a 
single sheet, or the paper-scroll model.  The structure of each walls in a MWNT can be 
correlated, independent or semi-correlated and the spacing of walls can be random, regular and 
in between.   
 
We have investigated the structure of multiwall nanotubes using Nanoarea Electron Diffraction 
(NED), including both carbon double- and multi-wall nanotubes (C-MWNT) and boron nitride 
multiwall nanotubes (BN-MWNT) [2,3]. Figure 1 compares the electron diffraction patterns 
recorded from a BN-MWNT and C-MWNT. The two patterns are different. In nanotube 
diffraction, each wall of a MWNT contributes a set of diffraction spots to the pattern (see Fig. 
1c). In case of BN-MWNT, the diffraction spots are grouped and resembles a single tube 
diffraction. While such grouping is common for BN-MWNT, it is rare for C-MWNT.    
 
Electron images of BN-MWNT show zig-zag like contrast (Fig. 2), which is not in carbon 
nanotubes such as the one shown in Fig. 1b. To clarify the structure of BN-MWNT, we recorded 
a series of electron diffraction patterns from different sections of the tube using a nanometer-
sized electron probe. An example is shown in Fig.2. Interpretation of the diffraction patterns 
revealed that the tube consists of two helices, one highly crystalline and faceted and the other 
circular and less ordered. The structure is present in BN tubes with similar chirality among its 
different walls [4].  
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Fig. 1 Electron diffraction patterns recorded from two different multiwall nanotubes a) Boron 
Nitride, b) carbon and c) schematic diffraction pattern from a single wall nanotube.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 right) Electron image of a BN-MWNT showing the zig-zag structure. left) The diffraction 
pattern recorded from the circled area of the tube. 
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