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Electrodeposition of rare-earth (RE) metals using room-temperature ionic liquids (RTILs) for
electrolyte bath is an important process to recover RE elements from industry waste. The interphase
molecular structure between an RTIL and a substrate electrode during the electrochemical reduction of RE
metal ions is still unclear, though the elucidation of the structure is an important issue for fundamental
understanding of the electrode reaction process. In this thesis, | report a series of systematic study on the
quaternary  phosphonium  cation based RTIL  ([P222s][TFSA]: triethyl-pentylphosphonium
bis(trifluoromethylsulfonyl)amide) and an Au electrode interphase during the electrochemical reduction of
trivalent RE metal ions by using electrochemical and in situ spectroscopic measurements.

This thesis consists of seven chapters. In Chapter 1, fundamental information on RE elements and
RTILs were described. In Chapter 2, general experimental procedures commonly utilized in the following
chapters were described. Experimental results and discussion were reported in Chapter 3 to 6. In Chapter 3,
the electrochemical behavior of ferrocene and dioxygen was studied. The potential of zero total charge of
neat [P2225][TFSA] at a polycrystalline Au electrode was also investigated. The electrochemical behavior of
RE®* ions were reported in Chapter 4. It was revealed that electrochemical reduction of trivalent
neodymium and dysprosium ions were totally irreversible one-step three-electron transfer process. The
density functional theory calculation was performed in Chapter 5. The solvation number of RE*" ions in
[TFSAT anion based RTILs were also investigated in this Chapter. It was suggested that the solvation
number of RE*" depended on the concentration of RE** and [TFSAT anions. In Chapter 6, interphase
molecular structure at an Au electrode in [Pas][TFSA] in the presence or absence of Ln** ion was
reported. It was suggested that the rare-earth metal ions itself contributed to the interphase structure and
that the electrode surface was covered by the cations which consisting the RTIL before the
electrodeposition of rare-earth metal. In Chapter 7, general summary and conclusions of this thesis were
stated.
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