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Structure determination of isolated single-walled carbon nanotubes by electron
diffraction and diffraction microscopy
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Iijima discovered carbon nanotubes (CNTs) in 1991 as a by-product of the preparation method to
produce fullerenes [1]. The exceptional mechanical, electrical and chemical properties of CNTs
offer significant advantages over many existing materials. The structure of a CNT determines its
properties and therefore much work has been done on determining the exact structure. Here we
report the unambigous structure determination of isolated single-walled CNTs that were previously
studied using Rayleigh scattering to probe the electronic transitions [2].

Electron diffraction patterns of isolated single-walled CNTs were collected using a
JEOL3000F electron microscope at a reduced operating voltage to minimize radiation damage. We
used a parallel illumination with a diameter of about 60 nm as described by Gao et al. [3].
Diffraction patterns were recorded on Fuji image plates which offer a good dynamic range and no
‘blooming’ effect compared to CCD cameras. This acquisition technique results in very clear
diffraction patterns as shown in FIG.1.b). To determine the chiral vector of the nanotube, the
experimental diffraction patterns were fitted with simulated ones of nanotubes that have a diameter
consistent within the diameter range determined at imaging conditions. FIG.l.c) shows the
experimental diffraction pattern overlaid with the simulated diffraction pattern of a (27,11) tube,
which is perfectly matched and the structure is also consistent when the method used by Gao et al.
[3] is applied to the experimental data.

To further extend the sensitivity to local defects in CNTs and to image catalysts attached to CNTs
we have used diffraction microscopy [4]. In diffraction microscopy, one has to make sure that the
field of view is illuminated coherently and that the area surrounding the region of interest is empty.
It is then possible to retrieve the phase, which is lost when the diffraction pattern (intensity) is
recorded, using iterative algorithms [5],[6]. This method has yielded an atomic resolution image of a
double-walled CNT by Zuo et al. [7].

We show results of this method applied to diffraction data of single-walled CNTs under the
same experimental conditions described above. Phase retrieval was obtained using Elser’s
difference-map algorithm [6]. We further discuss the effects of the lenses, used to record the
diffraction pattern, such as aberrations and distortions, and how they effect and limit the ultimate
achievable resolution. To overcome these limitations we present diffraction microscopy experiments
that were conducted without any post-specimen lenses. Using this experimental technique, we show
that the achievable resolution is only limited by the coherent properties of the illumination incident
on the specimen and ultimately by the radiation dose that can be accepted by the specimen before
structural alterations take place.
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FIG.2. a) Experimental electron diffraction pattern (blue) overlaid on simulated electron diffraction
pattern (black). The simulated diffraction pattern was generated from a CNT with chiral vector
(27,11) corresponding to a diameter of 2.65 nm and a chiral angle of 16.34°. A structural model of
this CNT is shown in b).
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