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Titanium dioxide (TiO2) is widely studied for photocatalysis, with particular attention to its
crystal facets where surface nanostructures act as active sites. Among rutile TiO» surfaces, the
(001) plane is the least stable due to low coordination of surface atoms, leading to thermal
reconstruction. A notable reconstruction is the lattice-work structure (LWS)[1], which is
relevant for visible-light-driven photocatalysis [2]. Although spectroscopic studies have
offered insights into its electronic properties, their limited spatial resolution has prevented a
direct correlation between atomic arrangement and electronic states, crucial for understanding
its photocatalytic function. In this study, we investigated the atomic and electronic structures
of the LWS on rutile TiO2(001) using ambient atomic force microscopy (AFM), Kelvin probe
force microscopy (KPFM), and ultrahigh-vacuum scanning tunneling microscopy (STM)[3].

AFM revealed that annealing the (001) surface generates short, bright rows aligned along the
[110] and [110] directions, which gradually elongate and eventually cover the surface. Tuning
the annealing conditions thus allows control over the LWS coverage. Simultaneous AFM and
KPFM mapping of the partially reconstructed surface (Figure 1a) showed that the rows are
more negatively charged than the surrounding terraces, indicating localized charge
accumulation. STM and scanning tunneling spectroscopy (Figure 1b) further revealed a site-
dependent electronic structure: the topmost rows exhibited a narrower band gap (~1.75 eV),
while the valley between the rows retained a wider band gap (>3.0 eV). These results directly
link the atomic structure to its local electronic states, offering mechanistic insight into its
photocatalytic role. Moreover, controlling LWS coverage via annealing provides a strategy to
tune the band gap distribution for optimizing photocatalytic performance under specific
wavelengths of light.
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Figure 1. LWS on rutile TiO2(001) surface characterized by AFM, KPFM, and STM.
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