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Electrolyte is one of important materials to establish energy storage devices, such as lithium-ion batteries (LIBs),
and electric double layer capacitors. It is well known that conventional LIBs require the use of organic solvents
(e.g., cyclic and linear carbonate-based solvents) to provide a stable and reversible LIBs over a wide 4V-class|
potential range. However, such organic electrolytes are highly flammable and explosive at higher temperatures|
owing to high volatility of organic solvents, which inhibits to establish large size and high-voltage operation LIBs.
Hence, nonflammable electrolyte system has attracted attention to be one promising approach for establishing a
safer battery. A simplest technique to provide nonflammability in organic electrolytes is to add a combustion|
retardant; especially, the organic electrolytes containing a fluorinated solvent additive with highe
self-extinguishing effect have been explored over several decades. However, we face a dilemma; when increasing]
additive content to enhance safety, the battery performance is significantly reduced. To address this issue
essentially, in this study, 1 tried to develop novel nonflammable electrolytes using fluorinated solvents as a main|
solvent (not as an additive) with high LIB performance. T focused on “Li-ion solvation” that directly controls the
ILIB electrode reaction, and thus investigated it in the electrolyte solutions with varying salt concentration (dilute;
up to highly concentrated condition) from the structural approaches including spectroscopy, scattering, and
theoretical techniques. The goal of this study is to propose a structural design of solvated Li-ion complexes in the
nonflammable electrolytes, resulting in controlling their reactivity in the battery electrode reaction for safer LIBs.

In Chapter 1, general theory in electrolyte solutions (particularly, ion solvation phenomenon), previous and
recent research trends in LIB study, and the purpose of this study are described. In Chapter 2, the procedures of
sample preparation, experimental methods and theoretical calculations are described in details. In Chapter 3, ]
focused on tris(2,2,2-trifluoroethyl)phosphate (TFEP) as an electrolyte solvent for nonflammable LIBs, which has
a bulky molecular structure among fluorinated solvents. The structural and electrochemical investigations were]
performed for the TFEP-based electrolytes containing LiFSA salt [FSA: bis(fluorosulfonyl)amide] with ¢1; <1.0
mol dm™ to demonstrate successful Li-ion insertion/deinsertion reaction into a graphite electrode via the
structural control of Li-ion solvation by introducing a small-size molecule (acetonitrile, AN) into the TFEP
electrolytes. In Chapter 4, highly concentrated electrolytes based mainly on TFEP solvent and LiFSA salt were]
prepared and investigated their solution structure and electrochemical properties. The major findings are as
follows: (1) Li ions form specific ion-ordered structures in LiIFSA/TFEP electrolytes in the presence of AN (as g
small-size additive), which is largely different from the Li-ion complexes in concentrated LiFSA/TFEP (binaryj
system). (2) The ordered Li-ion complexes formed in the bulk phase affect the electrode interface structure, which|
triggers a successful charge/discharge behavior (graphite anode). In Chapter 5, focusing on less molecula
bulkiness and weaker coordination power of solvent molecule, 1 used 2,2,2-trifluoroethyl acetate (TFEAc) as 4
imain solvent. The dilute LITFSA/TFEAc electrolyte (without any additive) exhibited successful Li-ion insertion
reaction in early cycles; however, the performance was degraded during subsequent cycles. The cycle
performance was improved by adding small amount of carbonate-based additive, enabling faster charge-discharge]
reaction for LIBs. In Chapter 6, the electrolyte study for LiFSA/TFEAc system was extended to “highly
concentrated electrolyte”, and 1 discussed relationship between specific Li-ion structure and electrode reaction
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The comprehensive structural and electrochemical investigation revealed that the weak solvation power of TFEA(]

molecule makes unstable Li ions in the ionic ordered structures, leading to easier Li-ion decoordination during the
charge transfer process. This resulted in kinetically favorable electrode reaction with lower activation energy.
Finally, 1 summarized overall conclusion in Chapter 7, and pointed out the importance of the solvent’s
characteristics (i.e., solvent bulkiness and electron-pair donating ability) on the battery electrode reaction,)
including future works contributing to the development of safer electrolyte materials for LIBs.
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