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Wall-structure of vanadium oxide nanotubes
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Nanoporous materials (nanostructures), which are considered as intermediates between classical molecular
scale and microsized entities, constitute a rapidly growing field of scientific interest and industrial
applications.Well-defined structures of of this length scale are difficult to obtain because neither
typicalphysical tailoring techniques nor planned chemical syntheses are very applicable in this size domain.
Since chemical reactivity and physical properties in the nano-region are strongly dependent on the size of the
structures, such materials are are very interesting in many respects, particularly for the production of highly
functional, finely dispersable, and resource-saving base materials for “nanodevices”. Nanoparticles may be of
quite different shapes, such as spheroids, mushrooms, platelets, rods or tubes. The tubular form is particularly
attractive since it provides access to three different contact regions: inner and outer surfaces as well as the
tube ends. Carbon nanotubes establish such singly or multiwalled entities that consist of graphite-like sheets
depending on the synthesis conditions. One of our aims in this area is to produce specialized nanostructures
from transition metal oxides for potential applications in electrochemical devices and for catalytic
applications, and in appropriate template synthesis we have used neutral surfactant molecules such as primary
aliphaticamines, together with vanadium alkoxide pecursors to generate a novel nanotubular redox-active
form of vanadium oxide.
Hydrothermal synthesis of vanadium oxides leads to a huge variety of different structures [1]. The use of
templets during the synthesis leads under special conditions to the formation of vanadium nanotubes [2].
From the trnsmission electron microscopic (TEM) investigations the interlayer distance could be determined.
In addition electron diffraction experiments on the nanotube wall revealed quadratic patterns indexible with
two dimensional lattice of a = b = 6.2 A independent of the amine used during the synthesis. Accurate
indexing of the X-ray powder diffraction pattern turned out to be very difficult, since only the 00l only the 00l
reflections (determining the inter-layer distance) are clearly separated in the low angle regime reflections
(determining of the diffraction pattern). There is not a single observable reflection hkl with contributions of h

and k, which is clearly separated from its neighbouring reflections. The x-ray powder diffraction diffraction
could be indexed with tetragonal unit cells with an approximate axis a = 6.15 A and with c axis between 13
and 35 A depending on the type of amines used.
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Fig. 1: Synchrotron data (upper, red curve)
conventional diffractometer data
(lower, black curve). The synchrotron data
were scaled to Cu Kα radiation.
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We performed X-ray diffraction measurements on vanadium oxide nanotubes on the beamline BM16 by
using X-ray of wavelength λ = 0.40576(1) A. We determined the diffraction intensities at room temperature
and also at T = 15 K by using a helium flow cryostat. A comparison of the synchrotron data (upper, red
curve in Fig. 1) with the data obtained with a conventional powder diffractometer (lower, black curve in Fig.
1) shows, that the limited resolution of the overlapping reflections is indeed caused by the sample itself.
Cooling does also not lead to a better resolution of the reflections. There is no significant difference between
the measurements at room temperature and 15 K (Fig. 2, red curve RT measurement, blue curve 15K
measurement). Nevertheless the resulting powder pattern allowed thedetermination of the structure type: All
vanadium oxide nanotubes observed so far are built with one of vanadium oxide sheets, first found in
BaV7O10..nH2O [3]. The sheets consist of bilayers formed of quadratic VO5-pyramids and VO4tetrahedra.Rietveld refinement of the laboratory X-ray diffraction data was not possible because of strong
overlapping of the reflections, the preferredorientations and the different peak profiles caused by the
pronounced anisotropic crystallite size’ of the tubes. Several other vanadium oxide layers described in the
literature could be ruled out by comparison of their calculated diffraction diagrams with the observed
patterns.

Fig. 2: 15K measurement (blue)
RT measurement (red)
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