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EXTENDEDABSTRACT

Introduction: Lithium-containing transition-metal oxides are promising
materials for lithium-based energy-storage systems because their crystal
structures can accommodate Li ions through vacancy-mediated diffusion.
Monoclinic Li2TiOs is particularly relevant because of its lithium-rich
composition and structural stability. Previous computational studies have
shown that point defects and local coordination strongly affect lithium
transport in related layered oxides [1-3]. However, the relationship between
defect-induced electronic states and the atomistic mechanism of Li-ion
migration in monoclinic Li-TiOs has not been sufficiently clarified. This
study therefore investigates the electronic structure of pristine Li>TiOs, the
effects of Li- and Li—O-related vacancies, and the energetics and
microscopic mechanisms of Li-ion migration using density functional
theory (DFT).

Materials and Methods: First-principles calculations were performed
using the SIESTA code within the generalized gradient approximation and
the Perdew-Burke—Ernzerhof (PBE) exchange-correlation functional.
Troullier—Martins norm-conserving pseudopotentials and localized atomic
orbitals were employed. The monoclinic Li-TiOs structure with space group
C2/m was optimized using a 2 x 2 x 1 supercell and a 2 x 2 x 1
Monkhorst—Pack k-point mesh. Both spin-polarized and non-spin-polarized
calculations were considered. The electronic structure was analyzed using
the band structure and projected density of states (PDOS). Three defect
configurations were examined: a single Li vacancy (VLi), a double Li
vacancy (V:Li), and a Li—O vacancy complex (VLi+VO). Defect formation
energies were evaluated from the total-energy difference between defective
and pristine structures with the corresponding chemical potentials. Li-ion
migration was investigated using the nudged elastic band (NEB) method in
the presence of a Li vacancy. Symmetry-distinct Li sites were connected
through in-plane and interlayer pathways. Three representative paths with
Li—Li separations of 2.97, 2.79, and 2.88 A were selected. Charge-density-
difference (CDD) calculations and transition-state structural analysis were
also performed to identify the factors controlling the migration barriers.

Results and Findings: The optimized Li>TiOs structure has a nonmagnetic
ground state. The pristine material is a direct-band-gap semiconductor with
a calculated PBE band gap of approximately 2.97 eV. The valence-band
maximum and conduction-band minimum occur at approximately —1.48
and +1.42 eV, respectively, relative to the Fermi level. PDOS analysis
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shows that the valence-band states are dominated mainly by O-2p orbitals,
whereas Ti-3d orbitals provide the major contribution to the conduction-
band states. These results indicate significant O-Ti orbital hybridization
and a predominantly ionic character for Li in the host structure.The
introduction of VLi, V-Li, and VLi+VO defects substantially modifies the
electronic structure. Localized states appear near the Fermi level, reducing
the insulating character of pristine Li.TiOs and indicating enhanced
electronic conductivity. Thus, Li-related point defects can simultaneously
influence the electronic properties and provide sites relevant to vacancy-
mediated ionic transport.The NEB calculations yield migration barriers of
0.886, 1.09, and 1.20 eV for the three investigated pathways. The interlayer
pathway, with a Li-Li distance of 2.88 A, has the lowest barrier. The in-
plane pathways have barriers of 1.09 and 1.20 eV, despite Li—Li distances
of 2.97 and 2.79 A, respectively. Therefore, Li-Li separation alone does not
determine migration kinetics. Transition-state analysis shows that the
lowest-barrier pathway has Li—O and Li—Ti distances of approximately 1.75
and 2.55 A. For the higher-barrier pathways, the Li—O distance decreases to
about 1.56 A, while Li-Ti distances increase to approximately 2.65-2.76 A.
These results indicate that local Li—O coordination and lattice confinement
are the dominant factors controlling the migration barrier, whereas Li-Ti
interactions mainly modulate the migration-channel geometry.CDD
analysis supports this interpretation. Charge redistribution at the transition
state is concentrated mainly around neighboring O atoms, while only weak
polarization occurs near Ti and little charge accumulation is observed
around the migrating Li ion. The lowest-barrier pathway shows a relatively
symmetric charge redistribution around the bottleneck, whereas the higher-
barrier pathways exhibit stronger and more anisotropic redistribution near
the O atoms. For the lowest-barrier pathway, the calculated initial-to-
transition-state energy difference is approximately 0.009 eV/atom; for the
95-atom model, this corresponds to about 0.855 eV, consistent with the
NEB barrier of 0.886 eV.

Conclusion: This study demonstrates that monoclinic Li.TiOs is a direct-
gap semiconductor with a PBE band gap of approximately 2.97 eV. Li-
related vacancies generate localized states near the Fermi level and
substantially modify the electronic properties. The calculated Li-ion
migration barriers of 0.886, 1.09, and 1.20 eV identify the investigated
interlayer pathway as the most favorable route. Importantly, the migration
barrier is governed not simply by Li—Li distance but primarily by local Li—
O coordination, lattice relaxation, and charge redistribution. These findings
suggest that point-defect engineering and local structural control can be
used to tune ionic and electronic transport in Li:TiOs. The calculated
barriers represent selected pathways within the employed DFT model,
temperature-dependent effects and the extended diffusion network should
be considered in future work.
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ABSTRACT

In this study, lithium-ion migration and the role of point defects in
monoclinic Li.TiOs were investigated using computational modeling based
on density functional theory (DFT). The crystal structure of Li>TiOs in the
C2/m space group optimized, and electronic structure calculations revealed
that the pristine compound exhibits semiconducting behavior with a direct
band gap of approximately 2.90 eV. The valence band is primarily
dominated by O-2p orbitals, while the conduction band mainly originates
from Ti-3d states. To examine the influence of defects on the diffusion
process, several point defects, including a single lithium vacancy (Vu), a
double lithium vacancy (Vai), and a lithium—oxygen vacancy complex
(VLi+Vo), introduced into the structure. The computed band structures and
partial density of states (PDOS) indicate that the formation of these defects
leads to the emergence of localized defect states near the Fermi level,
thereby enhancing the electronic conductivity of the system. In addition,
defect formation energies calculated and compared to evaluate the relative
stability of defective configurations. Lithium-ion migration mechanisms
further analyzed using the nudged elastic band method to determine the
most favorable diffusion pathways. Three distinct migration paths
identified, with activation energy barriers of approximately 0.886, 1.09, and
1.20 eV. Geometric and electronic analyses of the transition states reveal
that the migration barriers are primarily governed by the local Li-O
coordination environment, while Li—Ti interactions play a secondary role
by modulating the effective width of the diffusion channels. Moreover,
charge density difference maps show that charge redistribution around
oxygen atoms significantly influences the stability of the transition state and
the magnitude of the migration barrier. Overall, the results demonstrate that
local lattice geometry and defect engineering can effectively modulate
lithium-ion migration pathways and corresponding activation energies in
Li:TiOs. These findings deepen the understanding of the diffusion
mechanism and provide guidance for designing lithium-based materials
with improved ionic transport.

KEYWORDS
Lithium-ion Migration, Point Defects, Li.TiOs, Density Functional Theory
(DFT), Computational Modeling, NEB Method.
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