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Oftentimes, it takes years of research efforts to identify a suitable material for an
intended application and optimize it for commercial use. The battery field is no
exception to this and progress has been indeed slow due to the vast combinatorial space
of chemistries involved in materials design. This thesis develops and argue/s solutions
that would promote a paradigm shift in new battery materials discovery, selection, and
evaluation by replacing the conventional trial-and-error gpproach with more targeted
search procedures driven by ab initio-based computational modeling and materials
informatics. The first topic in this thesis introduces a method of finding the most stable
structure for a given starting composition Without any a priori assumption about the
structure itself (except for the elemental constituents); this is the so-called
composition-to-structure path solution to materials design. The second topic deals with
screening large chemical search spaces of a given structure with a target
property-based criterion; this can be referred to as the property-to-composition path

solution. The solutions implemented in this thesis can be extended to other systems.




In Chapter 2, the evolutionary approach for exploring energy landscapes has been
successfully used to determine thermodynamic global minimum and local minimum
energy structures for a given composition in cathode LixCoOs2. Thermodynamic ground
states at x = 1 (layered O3 structure) and x = 0.5 (spinel structure), which have been
confirmed experimentally, were successfully predicted, thus validating the reliability of
the present approach. Also, new and unreported phases below x < 0.5 were predicted to
be thermodynamically stable configurations. These phases are characterized by 1x1
(rutile-like), 1x2 (ramsdellite-like), and 1x3 (ramsdellite-like) tunnels for Li atoms. The
method can also study reaction routes critical for battery operation.

Meanwhile, chapters 3 and 4 demonstrated the efficient screening of the olivine
LiMXO4 and the tavorite LiMXO4F search spaces, respectively, for solid electrolyte
application. In those chapters, accurate ab initio-based calculations were combined with
materials informatics in order to build a target property-based prediction model within
a reasonable tradeoff in accuracy. The search criterion used is a material property
which is crucial for Li ionic conductivity: the Li ion hopping energy (EA). The EA values
for compositions in the olivine LiMXO4 and tavorite LIMXO4F search spaces were
predicted by partial least squares (PLS) and neural network (NN) modeling,
respectively. Using EA < 0.30 eV as a screening criterion for fast Li ion conduction,
potential solid electrolytes can be identified for the LiMXO4 search space: LiMgAsQOs,
LiScGeOys, LilnGeOs4, and LiMgPOs, and virtual compositions such as Li(group 13)XO4
and LiCaXOL For the LiMXO4F search space, promising compositions include
LiGaPO4F, LiGdPO4F, LiNdSbO4F, LiPrSbO4F, LiCeSbO4F, LiLaSbO4F, LiSrTeO4F, and
LiBaSO4F. In addition, the specific methods used (multivariate partial least squares
and neural networks) also offer another advantage, i.e., the transformation of high
dimensional structure-related data into a human readable form that could provide
useful insights that could be tested and checked during materials design.

The collection of computed materials datasets have the potential to extend its reach and
application to other communities and could promote new collaborative approaches for
materials discovery, selectibn, and evaluation. Also, this database should allow its users
to contribute back to spur rapid development. This can be done by: i) opening a
web-based forum where users can freely interact and exchange information, ii.)
repqrting issues or errors, and iii.) developing tools for analysis and data extraction and

interfacing them with the database.
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