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The potential applicability of many transition metal oxides in photonics,
electronics, photovoltaics, and light emitting devices has recently given
novel impulse to the study of these materials. In particular, the
discovery of the Fujishima-Honda effect at the beginning of the 70 [1]
and the more recently invented dye-sensitized solar cells [2] have
boosted the interest for the theoretical prediction of structural and
optical properties of TiOs; polymorphs; between them, experimentally,
rutile i1s the most stable at ordinary conditions, while anatase 1is
reported as the most stable only according to theoretical predictions [3].

Another striking characteristic of TiO; is the inverted thermodynamic
stability of the two polymorphs at nanosizes [4] due to a higher average
surface energy of rutile with respect to anatase. This property, in
conjunction with a more efficient conversion in photocatalysis ascribed
to the combination of a reduced electron effective mass, an enhanced
absorption gap, and a higher Fermi level, makes anatase more
“appealing” for technological applications.

The most stable anatase surface, the (101), is reported to control the
crystal shape, being the reactivity governed, at opposite, by one minority
surface, i.e., the (001), source of active sites for catalytic processes. The
coexistence of the (101) and the (001) surfaces reveals an increased
thermodynamic stability of the latter. For this reason, different models
have been recently proposed for justifying such enhanced stability [5-7],
all of them supporting experimental evidences.

We have considered both the 1 x 1-(001) and the 1 x 4-(001)
reconstruction. The 1 x 4, also called “ADM” (“Ad Molecule” model [5])
explains the stability of the (001) surface in terms of stress reduction.
We have employed a DFT[8]- MBPTI[9] approach for studying electronic
and optical properties of the two models. For the optical analysis a
Bethe-Salpeter equation (BSE) approach has been used. Slabs with



different thickness have been studied; our results reveal the
fundamental role played by surface reconstruction and Quantum
Confinement (QC) effects in the behavior of excitons in these 2D
systems.
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