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Abstract

Dye-sensitized solar cells (DSSCs) have attracted extensive interest in past decade as a
promising candidate for the future generation'of cost-effective photovoltaic solar cells. It is
well-accepted that a high efficiency photoelectrode for DSSCs requires a high surface area for
light harvesting. To satisfy this requirement, much effort has motivated recently in
development of electrode geometry.

TiO, nanotubes using anodic aluminum oxide (AAO) to backfill the template with TiO,
precursor showed a lot of advantages in DSSC application. TiO, nanotubes are formed along
the channels and separated by isolation alumina. The divided nanotubes without
interconnections improve electron transport leading to higher photoefficiencies; plus, the
alumina layer slows the recombination of the photo-generated electrons on the TiO, conduction
band and holes in the electrolyte or the oxidized dye. However, the poor contact between FTO
(fluorine-doped tin oxide) and AAO may cause a serious leakage of electron transport.

While considerable studies have focused on the preparation of 1D TiO,, no methods have



been available to combine those with hollow structures. We introduce a novel photoelectrode
architecture consisting of self-organized hollow TiO, hemispheres under porous alumina with
TiO, nanotubes inside. By depositing a thin layer of Ti on FTO substrates before anodization,
we improve the contact between FTO substrates and overlaying aluminum; meanwhile, when
the aluminum layer is consumed up to the underlying Ti, growth of hollow TiO, hemispheres
under the bottoms of the alumina pores spontaneously occurred.

The self-organized hollow TiO, hemisphere with a height of 130 nm and a diameter of 200
nm was formed. Highly ordered TiO, nanotube arrays of 200-nm pore diameter and 700-nm
length were grown perpendicular to a FTO substrate by infiltrating the alumina pores with
Ti(OC3Hy)4 which was subsequently converted into anatase TiO,. The structure was treated
with TiCl, to enhance the photogenerated current and then integrated into the DSSC using a
commercially available ruthenium-based dye. The dye-sensitized solar cell using
self-organized hollow TiO, hemispheres under porous.alumina with TiO, nanotubes inside as
the working electrode generated a photocurrent of 5.00 mA/cm?, an open-circuit voltage of 0.58
V and yielding a power conversion efficiency 1.77 times the conventional nanoparticle-based

DSSC.
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