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Tubular nanostructured materials have aroused significant research interest due to their promising
properties associated with the small size, large surface to volume ratio and specific geometrical
configuration [1]. For example, TiO, nanotubes are found to possess high photocatalytic activity
comparing to their bulk materials [2], leading to potential applications in photocatalysis devices,
environmental purification and gas sensors. As an analog with the TiO, nanotubes, H,Ti;O7 nanotubes
with the diameter less than 10nm (Fig. 1) exhibit similar band gap with TiO, and can be simply
synthesized by alkali treatment of commercial TiO, powder [3]. However, more detailed electronic
structure and the dielectric response properties of individual nanotube are still not known.

To investigate the electronic structure and the dielectric response properties of individual H,Ti305
nanotube, the spatially resolved electron energy loss spectroscopy (SREELS) study is carried out in both
real space and momentum transfer space on single nanotube, the results are compared to that of TiO,.
The SREELS technique is found to be superior to the conventional line scan mode of the scanning
transmission electron microscopy (STEM) in current experiment. As parallel electron beam is employed
in the SREELS, it is able to provide better momentum transfer resolution and introduce less electron
irradiation damage to the sensitive sample.

The momentum transfer resolved EELS study (Fig. 2 (a)) shows that the H,Ti3;O; nanotube has
similar basic electronic structure (including the band gap, single electron interband transitions and
collective oscillation of the free electrons) to that of TiO,, except the additional defect states in the band
gap of H,Ti;O7 nanotube. On the other hand, several surface related features are found to be dominant in
the zero momentum transferred EEL spectrum of single nanotube and their intensity dramatically
decrease in larger momentum transfer. The surface related nature of those excitations are further
confirmed by the spatially resolved EELS carried out in real space (Fig. 2 (b)) and they are probably
attribute to the different surface modes (in-plane and out-of-plane modes) due to the surface coupling in
anisotropic nanostructure [4].
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Figure 1. (a) High resolution TEM image of the H,Ti;O; nanotubes and (b) Illustration of the sample
region examined in SREELS experiment.
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Figure 2. (a) The momentum transfer resolved SREELS image of individual H,Ti;O; nanotube and the
EEL spectra extracted from q0=0 to q6=0.4A™". (b) SREELS image of individual H,TizO-
nanotube in image mode and spectra extracted from position 0 to 6 (as shown in Fig 1 (b)).
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