ADFT STUDY OF Li IN H,Ti.O,
“BULK”: INTERCALATION AND THERMODYNAMIC PROPERTIES
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Abstract

A LI intercalated in H,Ti,O, bulk theoretical study was performed. The electronic, thermodynamic and diffusion properties of the doped and pure systems were performed. The
Density Functional Theory (DFT) based calculations were performed with the VASP software!. The Hubbard parameter was included in order to take into account the Ti transition
metal effect. Three different intercalation sites were tested, and the stability of each site was studied. Afterwards, the densities of states were calculated, and showed a shift of the
doped systems and the presence of a magnetic moment. The Bader? method was applied to study the charge transfer, finding a transfer of the electron to the titanate. Moreover,
vibrational calculations were performed in order to obtain the phononic densities of states and the thermodynamic properties with the implementation of Phonopys. In order to do
this, we checked that no extra imaginary frequency vibrational mode was present, which also showed the stability of the studied systems. Thermodynamically, the doped systems
presented to be more stable. MLFF-AIMD calculations were performed to confirm the stability of the systems with temperature. The NEB* methodology was applied to find the
energetic barriers of the LI intercalated system. A direction of preference for diffusion was found, with an energy barrier of 0.33 eV, which is more favorable than the second barrier,
which was 1.75 eV. Therefore, these results show promising aspects of this candidate material as an anode, which can be studied more in future theoretical and experimental studies.
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Fig. 5. (a) Gibbs free energy versus temperatura for the doped systems. (b) C, versus temperature for the “bulk” of
H,Ti;O, and the doped systems with Li. Inserts: a magnified view of the transition between the curves C and “bulk”
(left) and the curves C and A (right) and (c) Bulk modulus (B) versus temperature for the H,Ti;O, “bulk” and the
doped systems are shown.
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Fig. 2. Schematic view of the stable intercalated systems after the relaxation together with their intercalation
voltages: (a) Li intercalated in site A, (b) Li intercalated in sitie B, (c) Li intercalated in site C.
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Fig. 6. Diffusion paths of Li in the “bulk” of H,Ti,O-: schematic views of (a) Path (1) and (c) Path (Il). The relative
energy versus diffusion steps graphs for the Paths (1) and Path (Il) are shown in (b) and (d), respectively; where the
Conclusions green dots indicate the intercalation sites of L.

* Three stable intercalation sites were found, with relevant voltages, being Site B the one with the highest voltage.
References

1.  https://www.vasp.at/

2. R. Bader, Atoms In Molecules: A Quantum Theory, Oxford

 The DOS have a very similar behavior with other Li-doped titanates. There Is a presence of defect states In the

E- and an induced magnetic moment. There is a displacement of the valence band.

* The phononic study shows the predominance of H and O in high frequencies for the B site. University Press, 1990.

3. A.Togo, I. Tanaka. Scripta Materialia, 108 (2005) 1-5.
4.  G. Henkelman, H. Jonsson, J. Chem. Phys. 113 (2000) 9901-9904.

 The NEB studies indicate a diffusion preference in the [010] direction, with a lower barrier of 0.33 eV In
comparison to the 1.75 eV barrier in the less favourable.




