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Chapter3-1 Collision frequency between cations and non-polar solutes in polar and non-polar
domains studied by relaxation dynamics of Ox(a'Ag) Tl Ox('A) DR 70fEFIBEAZFIHT 52 &
T, RAAL UHEED R/ NORERBAL T DA 4 X7 OEEREZH ONICT 5 FEZRR LT,
HREALBER 2T D 02 AFEFIDFZEIZ L 0 | O2('AITIAIESY T C-H F& A OB EEN 625
TRUFXF—BENZ LV ENRIND Z ENmho TV D, (FIEFA UifEESR = %L ¥ —%F> C-H
FEO O B A T 256, £ OEWX C-HFEA & 02('Ay) & OFEZEHEE & K95 & fif
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ZHRET HFELHIE L, TN O DEDE AT T,

A A ARIRHPIZET D 0x('A) DFF i % Oa(a' Ag)-02(XPLe BRI 5 NIR F5RE D RFEI 2>
BIRE L., BF A 1 mol iz V) OIEIEEERZRTE LTz, RE LI EER L F A4
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Chapter3-2 Study of voids in polar domain by solvatochromic shift of O2('Ag) TIZ. O:('Ax) D IAFE
DIEFN NSNS T ThHDHZ EIZEH L. 02(a'A)-0:XCZ)IERE A © B R D solvatochromic
shift ZFIH3 2 Z & TA A RETIZB T 2 ZZBROFEC OV TG Lz, AEETICB T %
FTATHIZEIZ KD O2(' A DFIE AR FIVITEREE O JEITZRIZIE U T red shift 7752 & AF BT
Woh, ZOMWEEZFIHTLZ LT, A4 AAREFIZIBNT O2('A) B E LTV D BREEDIF H A 15
DTENHRD EERT,
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TEERRBA L, SHIZ, RERT =AU DOHERISND A A REPIZRB W TERANE & TA8(E
DENBEEI IR DEN o Te, B OFENE & PAIEDLL & | Free volume 7> HHEE L 7222
BORE SOMEE L 5 &, HHBIED S FZRME & TRMED A ZEICELT 5 2 L 2R LI,
EDZ END, Oyl A)ZE 7 u—T7 L LTHWD Z & TA A URIEHFIZET 5 R ERZEROFE
oY 2 L HIR T LR LT,

Chapter4 Photochromic reaction of phenyl-azo containing ionic liquids studied by UV-Vis ATR
spectroscopy Tld, FFam& LT, X BREGELS AFM 722 B2 k0 A A U IK/ER SR EIciEA 4>
DR LT b A Y —IROEDNTER SN D FP RSN TND Z Lok~ 7z, £z, LA v —1i%
1L RO ISR g OB kb LTz A 4 o DR E AR & R D@ B3 MFEE T 2 rTREME
EBEZXOND, ZOX D R EITFICIT D E XS OWRIR O EE KRE S EBSE, b
FOGDEE L TCOMWEIZRELS EL 525 2 RTINS, AETIE, B ERTREDOK
J5ss & L TOME 225 T2 R fHZ 1T 2L OS OBEFiE L LT UV-Vis ATR 7361k
R LT,
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In this thesis, novel methods to investigate mesoscopic scale structure of ionic
liquids were developed. ITonic liquids are organic salts whose melting point were under
100 degree Celsius. Because of interesting properties of ionic liquids such as
conductivity, wide electrochemical window and gas adsorptivity, ionic liquids are
expected to be utilized as electrode and gas separation membrane. Owing to enormous
combinations of cation and anion, it is considered that ionic liquids properties can
be optimized for specific use. On the other hand, recent MD simulation studies imply
ionic liquids have mesoscopic scale structures at bulk phase and near
ionic—liquid/solid interface. Those local structures of ionic liquids affect solvent
properties. To control the solvent properties by designing structures of cation and
anion, it is important to understand mesoscopic scale structures of ionic liquids. In
this thesis, three methods for mesoscopic scale investigation were developed.

In chapter 3, the singlet oxygen is introduced as probe molecule for investigation
of mesoscopic scale structure of ionic liquids without destroying the structure.

In chapter 3—-1, a new method to detect the aggregation of ions in ionic liquids that
affects conductivity is described. Focusing on one of the interesting feature of singlet
oxygen, whose major relaxation process is energy transfer to stretching mode of C-H
bonds, the collision between charged and non—charged moieties of cations and singlet
oxygen was discussed.

In chapter 3-2, a developed method to investigate void size of ionic liquids that
affects solvation of gas molecules is mentioned. To investigate void of ionic liquids,
solvatochromic shift of singlt oxygen was utilized. The solvatochromic shift of singlet
oxygen is mainly affected by only refractive index of solvent. In some ionic liquids,
it was found that the solvatochromic shift is abnormally small and the abnormality was
discussed on the basis of free volume of ionic liquids.

In chapter 4, UV-Vis ATR spectroscopy was introduced for investigation of chemical
reaction near ionic-liquid/solid interfaces. As a model reaction, thermal
isomerization of phenylazo group of phenylazo containing imidazolium ionic liquids was
measured by UV-Vis ATR spectroscopy. The analysis method and performance of UV-Vis ATR
spectroscopy was discussed in the light of Fresnel’ s equation. According to the
analysis, it was found that the thermal isomerization reaction of phenylazo group is
faster at near interface region than bulk phase. This result is difficult to interpret
by current picture of ionic—liquid/solid interfaces and encourages to improve the
theoretical model of liquid structure near the interface.
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