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Fig. 3 (a) Overlaid CV curves in 1 M KCI at the scan rate of
100 mV s~!, (b) current density vs. scan rate, (c) calculated specific
capacitance at different scan rates and (d) Nyquist plots of TiO,/NT
and nanocrystalline TiO,/powder. The inset in (d) shows the high
frequency part of the Nyquist plots.

According to the obtained results, the specific capacitance of
the titania nanotube electrode is higher than that of the
powder counterpart. In addition, the obtained values for both
types are several times higher than the values reported for the
conventional double layer supercapacitors.?

It is well known that high surface area and interconnectivity
of the active materials will enhance the capacitive properties.?®
The advantage of TiO, nanotube layers produced by electro-
chemical anodization is that they are suitably back-contacted
to the titanium substrate and form an oriented, aligned and
perpendicular structure to the substrate, which offers greatly
improved electron transfer pathways compared to non-or-
iented (powder) structures.'” It is well known that high
conductivity of the active materials will enhance capacitance
properties.”” The higher conductivity can be further investi-
gated in terms of geometrical aspects. Highly ordered nano-
tube arrays can be viewed as nanostructures with direct
pathways for electron transfer, which greatly reduces the
disturbance from interparticle connections, offering the
possibility that the initially low conductivity of titania
structures can be overcome. Moreover, as proposed in the
literature, these channels, as a form of open porosity, facilitate
the ionic mass transfer through mesopores by providing
pathways through which the dynamic sheath of solvent mole-
cules, the solvation shell, can easily pass. The higher ionic
mass transfer consequently results in higher capacitance
values. Therefore, it can be concluded that these oriented
self-organized TiO, nanotube arrays exhibit great potential
as electrochemical supercapacitor electrodes.

Fig. 3d shows typical Nyquist plots of the two types of
titania. The high frequency regions of the spectra are shown as
the inset in Fig. 3d. Polycrystalline titania samples usually
show a distinct or overlapping semicircular arc corresponding
to bulk and grain boundary responses, which corresponds to
the charge transfer limiting process and is ascribed to the
double layer capacitance (Cq4) in parallel with the charge
transfer resistance (R.) at the contact interface between the
electrode and the electrolyte solution. However, as it is vividly
shown in the inset in Fig. 3d, no semicircle was observed in
either sample, indicating that the charge transfer of these
working electrodes is good enough to be used for super-
capacitor applications and there is virtually no indication of
electrical resistance. In addition, the slope in nanocrystalline
TiO,/powder remains constant, whereas the slope in TiO,/NT
increases in low frequency, representative of the ion diffusion
in the structure of the electrode indicating a pure capacitive
behaviour. The slope of the curve in the low frequency region
is called the Warburg resistance and is a result of the frequency
dependence of ion diffusion in the electrolyte to the electrode
interface. These remarkable results demonstrate the exciting
commercial potential for high performance, environmental
friendly and low-cost electrical energy storage devices based
on this new type of material.

Two types of titania nanostructures: titania nanotube arrays
and nanocrystalline TiO,/powder were fabricated through
different routes for electrochemical supercapacitor applica-
tions. Both electrodes demonstrated exceptionally high values
compared with the conventional titania used in supercapacitor
applications. Moreover, the highly ordered titania nanotube
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arrays exhibited distinct advantages, such as providing rigid
tubular channel paths and highly active surface sites for ion
diffusion and charge transfer, which provide capacitance
values (538-911 pF cm?) several times higher than those of
conventional double layer capacitors.
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