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Abstract of Thesis

The surface structure of SnO: plays a crucial role in determining its gas-sensing performance,
particularly for water vapor, which strongly affects surface charge states, band bending, and electrical
conductivity. In metal-oxide-based gas sensors, water adsorption often induces significant changes in
electrical resistance and frequently causes cross-sensitivity, making a detailed understanding of water-
surface interactions essential for both sensing performance and device reliability. While surface
reconstructions of bulk SnO . (110) single crystals have been extensively investigated within the
framework of surface science, the manifestation, stability, and functional implications of such
rec(;)nstrucéed structures in thin-film systems relevant to practical sensing devices remain insufficiently
understood.

In this dissertation, SnO2(110) thin films grown on TiO:(110) substrates were investigated as a model
system to clarify the relationship between preparation conditions, surface reconstruction, and water
adsorption behavior at the atomic scale. The use of rutile TiO:(110) substrates enables the preparation of
structurally well-defined SnO:(110) thin films and provides a controlled platform for systematic surface-
science investigations. The effects of annealing temperature and oxygen partial pressure on surface
morphology and reconstruction were systematically examined using scanning tunneling microscopy
(STM) and low-energy electron diffraction (LEED). These complementary techniques allow correlation
between local surface morphology and long-range reconstruction symmetry.

The results demonstrate that well-defined (1 X 1) and (4 X h) reconstructed surfaces can be reproducibly
prepared within specific thermodynamic windows. Moderate thermal treatment promotes surface
planarization and vacancy ordering, leading to long-range reconstruction, whereas excessive reduction
under oxygen-deficient conditions results in surface roughening, defect aggregation, and loss of long-
range order. These observations establish a preparation map that links temperature, oxygen chemical
potential, and reconstruction stability in SnO2(110) thin films.

Based on these structurally characterized surfaces, the atomic-scale adsorption behavior of water
molecules was investigated through a combined experimental and theoretical approach. STM observations
were used to identify adsorption-induced features and spatial heterogeneity, while first-principles density
functional theory calculations were employed to evaluate adsorption energetics, preferred configurations,
and possible dissociation pathways. The results reveal that reconstructed surfaces provide ordered
defective motifs, such as oxygen-vacancy-related structures and undercoordinated Sn sites, which
strongly stabilize specific adsorption COl’lfiy urations of water and hydroxyl species. These adsorption-
induced surface states lead to enhanced modulation of surface potential and depletion-layer width.

Overall, this study demonstrates that surface reconstruction constitutes an intrinsic and effective strategy
for controlling water-related sensing behavior in SnO: thin films. By extending reconstruction-resolved
surface science from bulk single crystals to thin-film systems directly relevant to sensing devices, this
work provides a structure-based framework for understanding and optimizing metal-oxide gas sensors,
particularly with respect to humidity effects and defect-controlled surface reactivity.
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