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Abstract

Soft materials have both solid and liquid properties. Among them, liquid crystals (LCs) are liquids with
optical anisotropy, which is a property of solids, whereas gels lose the fluidity but have properties of liquids such as
ionic conductivity. Low molecular-weight compounds that exhibit either of these opposing properties, depending on
the presence or absence of a solvent, have attracted attention in recent years. Previously, H. Okamoto et a/. found
that some rod-shaped low molecular-weight aromatic compounds containing fluoroalkyl groups at the terminal
position of molecules exhibit a Smectic A (SmA) phase when heated and cooled in the bulk state, and form physical
gels by heating, dissolving and cooling in various organic solutions. These low molecular-weight compounds form
fibrous aggregates by self-assembly through intermolecular interactions, which then encapsulate the liquid, resulting
in gelation. Many of low molecular-weight compounds which can gelatinize the solvents contains hydrogen bonding
functional groups, however, these compounds do not have, so the driving force in self-assembly is not elucidated.
Furthermore, not all LC materials with fluoroalkyl groups cause gelation, and even small changes, such as the
connection position of the functional group, can significantly affect the presence or absence of gelation ability.

In this study, phenyl benzoates containing fluoroalkyl groups or a 2-oxo-2H-chromen-6-yl group (a
coumarin skeleton) synthesized and the correlation between the self-assembled structures and conflicting properties
in these liquid crystals and organogels was discussed based on thermodynamic properties and structural analysis
using spectroscopic analysis and computational chemistry. Furthermore, the correlation between liquid crystals and
gels in thermodynamic properties and structural analyses were carried out using gels prepared from ionic liquids,
which known as functional organic liquids, and the rheological properties and ionic conductivity, which are important

for application development, were evaluated.

In Chapter 2, 4'-(1H,1H,2H,2 H-tridecafluorooctylthio)phenyl 4-alkoxybenzoate homologs (compounds
1-n) were synthesized as a basis of fluorine-containing phenyl benzoate-based gelators. In addition, 4’-alkoxyphenyl
4-(1H,1H,2H,2 H-tridecafluorooctylthio)benzoate homologs (compound 2-n), which has different orientation of an
ester group of compounds 1-n, and 4’-(1H,1H,2H,2 H-tridecafluorooctylthio)benzoate homolog, where the thioether
group is changed into an ester group, were also synthesized. Compounds 2-F and 3-F were further synthesized by
substituting these terminal alkyl chains with 1H,1H,2H,2H-tridecafluorooctylthio groups, respectively. Some of
compounds 1-n, 2-n, 3-n, and 3-F exhibited SmA phases under polarizing microscopy. In addition, some of the
compounds 3-n also exhibited smectic C (SmC) phases. On the other hand, compound 2-F were not mesogenic due
to an increasing in melting point. Compound 3-F exhibited only a SmA phase via a monotropic transition, whereas
compound 3-8 exhibited a SmA phase via an enantiotropic transition and exhibited an enantiotropic SmC phase. It is
suggested that the fluorination of the compounds may work adversely as LC materials. Here, the molecular
arrangement of compounds 1-8, 2-8, 3-8, and 3-F in their respective states was estimated by temperature-variable
infrared total reflectance absorption (ATR/VT-IR). In compound 1-8, n—x stacking-derived self-assembly is suggested

during exhibiting SmA phase, while in compound 2-8, the fluoroalkyl groups are self-assembled to be positioned in
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Abstract

the orthogonal direction during exhibiting SmA phase. In compound 3-8, similar self-assembly to compound 1-8 is
suggested to occur during SmC and SmA phase exhibition.

Moreover, 2-ox0-2H-chromen-6yl 4-alkoxybenzoates (compounds 4-n) were synthesized as a basis of
coumarin-containing phenyl benzoate-based gelators. In addition, 2-oxo-2H-chromen-6-yl 4-alkoxybiphenyl-4’-
carboxylates (compounds 5-n), which the phenylene group of compounds 4-n substituted to a biphenylene group,
were synthesized. compounds 5-n exhibited enantiotropic SmA and/or N phases whereas compounds 4-n exhibited
SmA and/or N phases via a monotropic transition. Self-assembly phenomena occurred by n—r stackings or a dipole—

dipole interaction between coumarin skeletons, which changed by an even—odd effect, supporting in ATR/VT-IR.

In Chapters 3 and 4, gelation tests of the synthesized L.C materials with organic solvents (Chapter 3) and
ionic liquids (Chapter 4) were examined. These compounds were able to gelatinize the alcohols such as ethanol and
l-octanol, the high dielectric solvents such as dimethyl sulfoxide (DMSO) and propylene carbonate (PC), and the
hydrophobic ionic liquid such as [EMIM][TFSA] and [BMIM][TFSA] at less than 5wt% addition. On the other hand,
compound 2-n were also able to gelatinize n-octane, whereas compound 1-n did not gelatinize because of dissolution.
The compounds dissolved due to hydrophobic interactions between n-octane and the alkyl chains, which caused
solvation, as the alkyl chains were not involved in the self-assembly during gelation. Compound 1-8 also required
more addition than compound 2-8 when the gelation test was examined using PC. It is suggested that the donor—
acceptor interaction appeared due to the electron donating of the m-electrons in the phenylene groups in compound
2-8 and the electron-accepting of PC. On the other hand, the donor—acceptor interaction with PC was smaller than in
compound 2-8. From this, it was inferred that n-electrons are involved in the self-assembly during gelation in
compound 1-8. In addition, Gelation of PC with compounds 4-n and 5-n is related to a layered structure caused by
SmA phase exhibition. Furthermore, structural analysis using spectroscopic analysis and computational chemistry in
PC gels and [BMIM][TFSA] gels to estimate the key interactions in the self-assembly of gelation revealed n—n
stacking for compounds 1-n and 3-n and a fluorophilic effect for compounds 2-n. Moreover, the key interaction in

the self-assembly of gelation for compounds 4-n and 5-n are dipole—dipole interactions and/or w—m stackings.

In Chapter 5, Hydrophobic and protic ionic liquids (HPILs), where ionic liquids are well-known the
designers’ solvents, were newly synthesized as exhibiting proton conductivity and hydrophobicity, using the
hydrophobic solvency of fluorine and the weakly basic hydrophobic units of aromatic amines. The synthesized HPILs
were qualitatively (phase separation from water checking visually) and quantitatively (1-octanol-water partition
coefficient estimation using HPLC) confirmed that they exhibit hydrophobicity. In addition, the ionic conductivity at
room temperature was comparable to that of general organic electrolytes, despite being a highly viscous liquid. The
ionic conduction mechanism was estimated to be the Grotthuss mechanism due to ion hopping, rather than the Vehicle
mechanism due to solvation clusters observed in common dilute electrolytes. Furthermore, the basic physicochemical

properties of the synthesized HPILs were corroborated from NMR and DFT calculations.
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Abstract

In Chapter 6, the thermodynamic and rheological properties, and ionic conductivity of HPIL gels prepared
using the HPILs synthesized in Chapter 5 as solvents and the compounds synthesized in Chapter 2 as gelators were
evaluated. The gels formed with compounds 3-8 and 3-F were thixotropic, as there was almost no viscosity change
before and after shearing. On the other hand, the activation energy for ionic conduction after gelation was about 1.5
~ 2 times larger than that before gelation. The PFG-NMR results suggest that HPILs of cation and/or anion interacted

with the gelator, which may also be a mediator for ionic conduction.

In addition to the above, this doctoral dissertation also consists of Chapter 1 with an introduction and

Chapter 7 with a summary and a conclusion.
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— VR R 2R E LIEEE LTHRRL T oz, ZOROZERHEND [V 7 b~y —] EWVHEH
AR LT 7l

1.2. e 7

ikdh (Liquid crystal) &% TREEASEFONFEGEEZ R TR THY | RIEKEFEROFHO L 5 2B %
BRI EMD, ZOAHBMT b, e, A —A U7 OREMFF . Friedrich Richard Reinitzer 73 1888
Y L 0 HEE LU -2 B ERE 2 L AT U )L (Figare 1-2-1 (2)) OBFEBR TRA LN, Z0#%, 1973 4R
George William Gray 2 L > T, BUETH —EOWKRFET 4« AT LAMEIO—pr & LTRIHSNTEY , =il
TR IKHE 2 F8 B 75 5CB (4-cyano-4’-pentylbiphenyl; Figure 1-2-1 (b))23 & UM WFENBE AN 2 T2,

(a) (b)

AL

Figure 1-2-1. Chemical structures of (a) cholesteryl benzoate and (b) a famous liquid crystalline compound; 5CB (4-

cyano-4’-pentylbiphenyl).

Wikix, ¥ —% bty 7k (Thermotropic liquid crystals)] & [V 4 b &> 7 &4 (Lyotropic liquid
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AR 2RI L - T TR E 2 e 2 SR L IREZE LT % (Figure 1-2-2), Wi DA T
L LTk, (1) WE&s#Z (Liquid crystalline core, Mesogenic core) & 72 HRIE 72587, Q) it ZF-® 57Dkt
B0 H O = WOMEIEE (Flexible side chain), (3) 75 FE3E /7% (Dielectric anisotropy) %73 72 8 O{HI$H (Side
chain) N b D,
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(Smectic: Sm)fH) T2 L A7 U v 7 (ChtH] 3% 5, KeaIFEA OFRFIZ X o TS T—®ooH mi o1
fii 223, ZORTOLTEE WEOKT) ICX-> TREENERT S, N HITWEDTRFNZ LTz dE
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P72 FRUE A & 205, D FICF T AP OER T 212D TR E O L 9 IR E L TW 5,
Z OWRFERRR (RFEE Y F) XV RIEER R | BIEY y FE2EZ 52 LI X AR RIS 5
ZETRAETSH, ChHIZA ey 7RETHOMRT 22N TE, REEMICL > TlEL v F 2 70%
THZLIZRD, ZIT, SmHEFRET RMEEY (RAZF v 7ikih) ENHERRATL2L0 (RvF
v 7R RIET S L, MEPEMEEEERT 2O TIRTERO LS RIES B E L, BEIT KT
HENZDHHANMEE &7 ZIRTIBIED L O ITIRL S LAMBNTWD, ZDd, ARXATF v 7 {EHhD
MEITR~F v 7 OFN L0 EVEENCH B,

4§

Smectic C (SmC)

Iy
.c:‘n IS \/\7
l'l. = /N

Isotropic liquid

Smectic A (SmA) ~ Nematic (N) (Is0)
Liquid crystal |
m.p. c.p.

Figure 1-2-2. Phase transition of liquid crystal materials (m.p. = melting point, ¢.p. = clearing point).

Sm fAIZ bR % R FEFENFIET 208, TOHTHAAIZF w7 ASmAREAAZF 27 C (SmOFED &<
HMHNTWD, SmAHITERNE d &5FE I OBEREMN [<d<20TH Y, SmCHTIEd<l L7225, SmAETIX
Ly F AN g OERRIT N AFAEST D DIk L, SmC Al CIE4y il g OERITAN B A (0°< 8 <459721F
fHNT= FANCAFTET D (Figure 1-2-3), A A7 F v 7RIS FRBAERANBR EB T 5 Z L ICER LT,
MENFLS 2D Z ERMENRE N EBZNTD, ERLINICSWORBERTH S,

(l<d<2l)

Figure 1-2-3. Schematic diagrams of smectic phases.
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FAOIHBEE LTE, BV —EEREORBOMIZHL A LYY 7 havF 7 MLy Xip EorEs
TR ERWEERG~OIGHRZ2EINTND, ThoDELER/ITFINVTHDL Z LHELN, SHiT,
TG & UTIE, RAERRD BNDE Z ENENZ ENBILEFALBIEEAETH D,
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14. ERF57 L 23

BT VEOEHE L LR TLADBRRW LN L TH D, 1FEAEDRS 7 NE. KERE
T A Y X TR EOSFRAEENIC X2 B OB THRHERS SR ETER L. ZAREIEE2 T M 2
& THEIE A BRLER LT 2BV TH D, F07, WMEELS pH B X > TES I V-7 N ns
D1 DRMISEES LV E LTORAMELED SN TWD, RYIOELITILAEFE KNI LD 1,3:24-
dibenzylidene-D-sorbitol (DBS, Figure 1-4-1)T& 5, 7 /WL Z 2 ER & LT, Figure 1-4-2 TR L 912Ky
TALE W 2 BN 2 COMBEMR S 7= %IcmHAT 2iRfE T, ZRoohsED Tkl (RERRE, Bh%
BISZBL) AT H 2O BRI K O HE S, ZIROTHIBEED [/ ufb) (ke HE R E) Z ol &
ITEBZLNTVWD, DD, FIUEBBRIIRBER TH 2 - OIRSy T2 VO FRIZ, 3R YL
BEAIATOR TW o Te, 0% 1990 FACHEELIBED ARG 77 VIC BT DI REA TN D X 51T

pol,
(6]
W=
o~
(0]
HO—
OH

Figure 1-4-1. A chemical structure of 1,3:2,4-dibenzylidene-D-sorbitol (DBS).

Stable state Metastable state
@
.:O:Q Heat /‘..Q
o0 __o0
([ P4 Cool 0

\Ne o, @

= y 4 Xl
Crystallization Solution

Figure 1-4-2. Schematic diagrams of sol—gel transition for low-molecular gel.

TMACDPELFEREBTH D2 PP ZIBIBAIREN TH DL Z LTI ETHRV, 4TI ERBMIC R
RFE. KEMEHEREBIOCREATAINVELZAT L2 L] BT 27200+ THD L Ebh
TVDER, BTRINCEETIRTHRWNIZD, TS E DT D DI ERITHENL STV,

TR FRZ W T, MBFOEITRT S LHIFOT BB A EE CH D720, 5HlE & Bt A
EHPEERANTA—=F LR DOIFIF I ETHLR, OHE L SREEOBFIED bRk T L= — e RAkK
FOTMEICREESND Z R E, BAEEMELSA TV E LTHEDHOERS TH D
Enantiomerically pure 12-hydroxystearic acid (Figure 1-4-3, lef) 351 Hivd, FOHR T, A 4 kiK% 7 uAb$
B 1A & LT 3,7-Dimethyloctyl 2-[(2R,5R)-5-benzyl-3,6-dioxopiperazine-2-yl]acetate (Figure 1-4-3, right)?3
KR _RKOHICE o THESNTEB OB, fIROBAKMEA 4 K TH 5 1-Butyl-3-methylimidazolium
bis(trifluoromethanesulfonyl)amide; [BMIM][TFSAJIZ%f L T 8 g L7! (= 6wt%) OWME T LV EZEHR L T, &
O, AN DOHREWINT DT ¥ > (TiO) ICAEARZ BT 5 Z & TAfDEEKRZRINSE, Zh%
B & LRI 5 R KFS M (Dye-sensitized solar cells) O %7 /VEME & L CTIRY T v & W =61
FET 580,
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— 5T, 7T i TR T AHER S S EROBAIL. o FEMEER O CRICHE & ST b
KEMEEHESIEDL-0IC, B Rrx i (OH) 7 X FE ((CEONH-) 72 EoKFEEEHEREEL Y
ATAHZ LN THLT-D, MEENSKOBEBRGREFESE W 1.7V) &I ENTHISND-H, Li
A A TIREMO L 9 RIEACREMRDOEENA~DIEHABHE L NEEZX LTS,

0 OW
H,,v
HN 0
07 NH

\/\/\)\/\/WVYOH

@)

Enantiomerically pure 12-hydroxystearic acid 3,7-Dimethyloctyl 2-[(2R,5R)-5-benzyl-3,6-dioxopiperazine-2-yl]acetate B4

Figure 1-4-3. Examples of low-molecular gelators with hydrogen-bonding groups.

1.5  Testm go—n9]

LA 1 ¥ — (Rheology) & 1ZME DA & R 2T 2B FD 58 Ch 5, MEMNGOME L LT,
R EREOTHOWE ZFFOMEEZMOE S, 20D, Y7 =T VT VEHFET D BT, RADEM
EHERD, LAY IO OWEOMEM, B, FXY hrbt—REEWEORERENORLD
HDOTHD, LART—IZIFRO=2DWENRH 5, (1) B (Elasticity) : MRIZHNE L2 D EEBFBL, 4
HEBR EWENR G & ORREICEIE T D (Figure 1-5-1 (a)). (2) Ktk (Viscosity) : MEICH N2 525 & &
BB EH LU, ANZERS EEAO EFBIEE D | JuOIRREIZIZEITE L2 WEE (Figure 1-5-1 (b)), (3) HhsE
(Viscoelasticity) : 9K 1% 5 2 5 LRFERGEIZE-> TER L, A EBRLS EREfHEE TR ELH085%ES
M (Figure 1-5-1 () TH D, T T, EH (Strain) & IMEOH 25— H M OE S d st L TE Ol & BT
LHEFNCEE S -Ex DOl (y=x/d) TRIND,

A A A
(0] (] (]
Q Q 1)
= — =
o o o
= 2 2
> : > > ~ Deformation factor; x
i | Time | 1 Time : | Time L —T - bt
1 1 ! ] 1 1 9 i ’
1 I ! ] 1 1 3] P ’
M ; [ | ! ! ! & ’ 4
1 1 ! 1 1 e 7 4
1 1 ! 1 1 = ’ £
g 1 1 g ! 1 k= 1 & / ,/
< s < 2| e
| N = )
1 Ry
—> - - Strain: y=x/d
Time Time Time
(a) Elasticity (b) Viscosity (c) Viscoelasticity (d) Strain

Figure 1-5-1. Features of (a) elasticity, (b) viscosity and (c) viscoelasticity, and (d) schematic diagrams of strain.

VAo =Rt ORI X —E D E A 2 A TRIES 2 #HIRIE & BEAICIREZ 5 2 TRIE S 2 BIRgRIE

FEL, BTEIZER

TRMERIE L b E b D,
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1.5.1. GERFRMERE GRA9RIE)

TR PRPERNE 1300 72 77 U — S 7 a0 & 8 7 L — b Ol FIEER (B L ILEHR) 7L
— M &R CREHC I 2 52 THEZIET 2 HIETH 5,

THOTv— N TEATEREHIKE RN ) F #5272 L 2B U D, BARBH 72 0 O & % 5k
ML (Shearrate) y EEZE SN D, 22T, YL — MOREEHELY V. 7L — MNHEREA H &2 L SilEE y
[N, y=dy/dt=V/HEFRED, Zhud, Bl (E2EED) OFv—FRIEE->7RETHY . 220
b HE TN — FTREMEFSGZVIC VETEE LTS ERRES ZECERTS, 0L X,
TU— MUTIRICREAS ET5 0 (IEA - RIEAOERD B -F720#8< (0F 0, WiKIEFOHTHLRES
2T D), ZOROHENMEMEST Y ITH< SIORE I ZIGT] (Stress: 0) £V 9, Newton /)5 Tl & #ES)
Bl (=IEEE) TLBIBERAKR Y SIH, 2 ORFOEIEE P ER&ICHET 5 (Newton OIER 2, Wik
S < ixEm I Gl 5720, A THIS L L7a e RS, ETe, SURnEEE IEE A R O R
INEEEHZTWD, bbb, IEEEHNEREICHAIT 27, o =n XyERIND, ZOBIEEH;
JEE (Viscosity) & EZ% L7,

Rotate speed: V' [mm s7!]

e [mm]D
< Sample ____—>

Figure 1-5-1-1. Schematic diagrams of steady flow viscosity measurement

SO & H IR T) & SR L FIBIMRIC B 2§t i % Newton Jitfli & V5, LarL, 12 A EDOHEG TR
& BUMTIEREL 75 FLGIBER T2 3E Newton Wit ThH 5, L0720, BIWEEZ M A E L TEELLEEO
AL 2 BB 2 OB E R TEERIE CTh 5,

1,52 BhAY CREoME) i B
BRI PR 7 L — F TR TR 213 & B, 20T L — MIIEKIRBIE R & 5 X TEERMESR
ZMEST L HIETH D,
T T, BEfRRS (=) 2R T AR LEREES (=K 2R T Xy vaRy PERESICER LT
Maxwell #3 (Figure 1-5-2-1)Tl, Jis/io & EAYy R ORI KNI T 5,
c=Geyi=ndyp/dy=yi+ysdy/dt=dyi/dt+dy/dt —>dy/dt=1/Gedo/dt+c /7

4= Stress: ¢
Strain: vy, Strain: y,
Viscosity: 1 Elasticity: G

Figure 1-5-2-1. Schematic diagrams of Maxwell model.
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dy /1 iw ; oo /1 iwy .
Ez(T—]+E)ooe”’)t—>(t:0—>t,y:0—>y“C“ﬁéfﬁv\)*y=£<ﬁ+f)e“‘”

EFRED, ZIT,1=n/GEBVWTLEREZEHTSLE, (1/0t=tand)

1 i . f 1
y:E(l_wT) O_Oeunt = |1 +w212 Goel(wt §)
1 . .
ETE, /1+WG° =y, &, v =y,[cos(wt —8) + isin(wt — 8] &FKHE D,

SFY, MHEETTEZD L. cONMHEN LT TNELDORyE D,
F7-. EEBRMER (GHIZLLTO L O I2EE 5,

6 () = 6'(@) +i6" (@) = oo™ L (@7 + D)
w)=6G"(w)+iG"(w)=—= . = M
vy L1(__L ot Lf1__L 1+ w?t?
T (1 mr) O G (1 a)‘t)
(@) =G w?t? 6 (@) = G wT
now) = 1+ w?t?’ W)= 1+ w?t?

ZIT, G (o) IR, G (o) ITREHER L DD, G (o) ITWEIN T EZ L2 Ik EL S
FILF—D 5 LYBENIZADRLS . G (0)TWBEIMIE DT TH D, G (0) BDREIWVIZEFEEHTH Y |
G” () BWREWVE CIRIEHHE Ch 5, £/, and=G" (0)/ G (0) (= 1/ of) IFHEEEEE LV, tan § > 1
Tl liquid-like fluid, tan 8 < 1 Tl solid-like fluid & A 72 ¥ %,

1.53. FF%J/ brt—

F %Y b w & (Thixotropy) i&, 7 /DX 5 728 EEKE VLD K 9 7= 2 — b ARIED R E 7
TRTPEE T, RESRREREE & HICE T 2O TH D, BRI, STHIS ) 22 06T 2 SRR
BT LRIk 72 B, F7o8 b9 2 ERERS KB EF USKWICEMRIC R 2, SIRREEN 2Bk L
TG EICIE, FER—EBEICRET 2 OIRMB 1D, MO EEEXSr F v o 7 ED L Hi, BliS
EZTTHAICHEMIT T 2ME @) 2a<FF Y at—tni2tddsb, LiL, b
SIWHEE O & & HITHENMRT T2 b oo, RERIZE 22 (IESNT L b MEILEFXFY bey—
TR,

Rz, %Y br L, SHCREROWRERIS TR LT L EFILE OB TANED D Z L TEND
BGT, FMME LT WHERRIRICA OGN ABLE TH S, IS IOBENREBIZB W TEZ LV OREEICSH 0 3t
A RS20, LinL, SAO3No 2 &7 EED TR O—H 2 WIEEMBssiE IS T2H, VL
WL R Do OREMEZ T D, o, SMNBMER La< 22 L W iE R A S UmBEiE 22K 5,
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1.6. &7 v FEEY

T v BRI O LT 59 TEMCES: - LM OLBERNRAMEE L2 RT L L TEAESNTWSHIEET
b5, 7y AT SME, WEWE, W, JEREME. BB MM, (REEERNE, BREEE. KFE
BRI L LV BRI A O AR TR Th BT, TRF SRR s (REER R, IR - f23E
72 ERA BN STV S,

O

||: Euz Poly(tetrafluoroethylene); PTFE q—/(

?— 7| = Teflon™ (DuPont de Nemours, Inc.) b N\[rN\@:CFS
F F/q 0 s -

FsC CE Apalutamide
D b e i
O. P/O Tris(2,2,2-trifluoroethyl)phosphate; TFEP " Anticancer drug
o ~0"CF; = Fire retardant for electrolyte of LiB

Figure 1-6-1. Examples of fluorinated compounds in commercial application.

1.6.1 7 v R+

7y RREFIIRTFES 9O msrnHE (17HECR) ThY, EFEEIT 1s2s2p° ThD, 7 v RETD
2p WHHITAKED IsPIE LD & 5eV(E=8XI0Y ) BV, 2072, JRFRZICE TG EHFELNDL Z &
LETHEDL TV, DFE D, ABEIHIC L - TED DNZEBEROAORIEN D DOMZE (OBFR) /&
< 7eh, FOln, BREMEA 3.98 (by Linus Pauling) & £cE P TRNTH D, T/, HTFEEIT135A=
0.135 nm) & KFRIZK DT/ IV, C-F A= RUF— TR E < OBEN/NI N E Vo 8 BERT
(Table 1-6-1-1),

Table 1-6-1-1. Characteristics of C—X (X =H, F, Cl, Br, ) bonds.

Bonds Bond length Binding energy Polarizabilit}/ Dipole moment
/A / kJ mol™! y2/ 107 cm™3 1/ Debye !
C-H 1.091 411 0.66 0.3
C-F 1.317 484 0.68 1.51
C-Cl 1.766 323 2.58 1.56
C—Br 1.94 269 — 1.48
C-I 2.13 212 - 1.29

1) 1 Debye = 3.33564 x 10°°C m.

1.62. ~L 7 )VF 1 7 )L VIR K

AT NF BT AFNEEEIT AR VEOKRRIRTRETT v ERFICEBRBINZLOTHD, ®I5T D
TAFNAEICER 7 vFEFKTF O van der Waals RN RKE <. BEFBIGER L OEERIC 7 v B 0 B
& AU (Figure 1-6-2-1), MIEMEZ H o, O 7RO RE EORRFFREE 2 AR LT WRHRE G T 2,
T, — . ZoBRTOKRXBEBEREEEICL Y L7040 T A NVERS CIEET O S TRIEFHIC
INEL FNICEKRT 25 FRIMEIER (vander Waals /1) (3FEFIC/NE 2D, ZD7d, AHEEEERLKIC
FEACERMEETRER, Flo, A TAFa TN EDRIKETH DBEE T ERAR K & 8B
LT 74T A 28T 5, Zhid, FEFIZT van der Waals DB DEWH K& 7207 FFIHA
TERZ2ETH2EHAEKANPLHEHINTHENBEEL TWE O X 5 dhz w3 M= nThs, o
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£, ST TR VITRANENE, BN, Bt T 2R RTEMES 2D, ZOV TV
27 X VEE OB EEIL. MIEESCEFFFEICER LT, SmAAAZEHT L2 EBIFLEALETH LM

Figure 1-6-2-1. A twisted structure of perflurohexane, which optimized at the B3LYP/6-31G(d) level using Gaussian 16.

1.7, o< U il

7=, iBIMEORY 7= ) =T = ) —VBERIISEINDLGF VRS THY, a—b—IZF
EFNnsr7mu U glR U7 = ) —ABRIZGHING, 7~V %, BB IR I VR, v AR, ¥
IR EEN, N UCHBE, #EEIZ ) v EEDREEREM TH D, £, VTEVOBED &
BRLTWBRSDOOESTHLH D,

= U VIR AE Y 2B, OBV IIRESNI VOB LB THD, /< U UiE, EMBNEXT
WHIREEDIFIZ, 7=V VEHEERE VNI THEELTEBY . EVEZRIET S Z LT, Y HITHOZE
EEBETICLTOLILNA, TOTRETIZ I UPRbTINCEMRSIL, ML ELEOMEBFOFY REFNS,
72T LEICLEENTEY, b b EERICZ <) VEEEEOETCEEN, TLTWAIZZ <Y
UHRERRINA TS, MEEOF D A D,

DLW Y FEEFICLEY, FLED T2 Ty <) U EESMantic, 7<U >
BOHE(R DS DR EIND Z L TIEUO TIFFDOF D 2L >Z ENTE D,

7=k N=T PR ERREDL, £, BLEENERAORBI LK EZ A L TWD, £ ORI
FE0IXY T v 7 AR ERFL, B ELTCRHHENTWEN, BATIIHIBROMIELZ SO I2EERNH DL E L

FEE U TOEMAIETERD TR0,

Fro, 7=V VIREVROCTEEBER ., &< 22dCET 2R R EELFL, MR 3R EI2HH
Han<Tnsg,

©\/olo HO o) HO o 0 HO o "0
Coumarin Umbelliferone Esculetin Scopoletin

(@] o o o 0" Glc\O 00
Psoraren Bergamotin Scopolin

Figure 1-7-1. Examples of coumarin skeletons found in plants.
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1.7.1. 7=V ofER

7= Y ATRANY., N A EAYORE T D RS LTI W 1876 4E1Z Williamson H. Perkin 73 {7k
Wi L D FAT LT E Kb 7 <1 OARBIZEE L (Figure 1-7-1-1), FEZ2 EIRIHEND LD -
oo BARTIITERE~OLZEMERENTIZRWED, FEE LTUIRDLNTE LT, &M~ORIMITEELL
INTNB,

0
OH H
AcONa % |
[5/ N0 +A0 ———————
(o) H OH
6 o /J\élgf/—\ O (O OH O M
)J\ H e o o) _ & OAc
0 Q Q)
OAc AcO—H
(0]
H (6] | (6]
/ HO’

AcQ5H

Figure 1-7-1-1. Proposal mechanism for synthesis of coumarin using salicylic aldehyde and acetic anhydride as

=% 1882 FEICANTLERD 7=V o &h L ICEFEKRPIFHEEN, 7Pz - m UL YL E&THT
S, BiEsnzM oz bk, ATABMENZ L2/ AKOBRER ZZ — K LT,
HARIZBW T, 7= U U IBMES | Bl BB I 72 DI agkalAl & U TR Shvaun a0,

1.72. 7= OHE & Fx Bos

7=V AIT A= R =TV el EREEICE ET, KIZEMEICET 2HE R R,
Flo, FARARA T2 2 & THREADOENEZHRET D, 7~V VIFHuikEFEERN ST < 22 WET 508
REEXFL, MEBIEFEICGRHAIN TS, £, 7= JMIOBFREFER 2R > Tno, LR EdE
X, MR Y T o 2B, ML DITF WIS LTI B BT T 2R S22 205, 7<)
VEERIZRY ANSZ LT, BET LT RDTLOEEDRLETH D,

1.8. A A AR )

A Z AR (Tonic liquids; ILs) & 13, FHRLFE CREO N FA 0 L7 =4 0fak ) Thh, k=
SN EICRREND T TR, Kie Lo TEEERE] SASHE=O®REL L TEBSA TV,
ILs ®F FRi%, 1914 4E @ Paul Walden (2 X % Ethylammonium nitrate (m.p. = 12.5 °C) BN R Y TH B3, KIS PERN
mWTEOFEMHAMEICZ Lo Tz, FD#%, 1983 412 Charles Austen Angell P43 N-(1-Methoxymethyl)-N,N-
dimethylethylammonium tetrafluoroborate (m.p. = 13 °C), 1992 #={Z John Wilkes %3173 1-Ethyl-3-methylimidazolium
tetrafluoroborate ((EMIM][BF4], m.p. = 15 °C) % $#2 U TLARRIZ R 2 12 ILs (BT 2P E3 8 2 4hd 7=, FTH,
1995 412 Yves Chauvin & 23755 L 7= 1-Butyl-3-methylimidazolium hexafluorophosphate ((BMIM][PFs], m.p. = 6.5

10
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Figure 1-8-1. Number of publications for (a) “Ionic liquid” and (b) “lonic liquids Synthesis”, which searched by CAS
SciFinder. Accessed 15" October 2024.

ONBAMETH -T2 EnD, ARBEOMER L L TORGNPS IS L /= (Figure 1-8-1),

ILs iZ, BFALDHTHAXeRELT L FEEIFA T D) ZLTT =A 2 & OFEHRAIERN L5
DTNE, IHIET=2F DT AXBRELSTEHZLICL o TRIFIRELEE LR H5WE TH 5 (Table
1-8-1).

ILs DFFR & UCTEIRME, (RRHE, FERICRVWARRE (RN . mUWESIEFERILES RWERE)
BEFOLND, £, AFA T =AU 2HET5Z 210k > T ILs (0B~ RiRE 215 (BOKME Bk
P TR LIRFBRINEFE/R L) T2 Z LN TE B2, “Designers’ solvent” B1E SO T\W5a, S b2, B
HRDATREME D B D ARSI ORBEYWE L L THHEDLNATND Z DD, “Greensolvent” PIE ST\ 5%,

ILs 1ZEERME CESILFIREMENR K E WV (BALEDIEY) 728, Li A A El-CREIE A & Ok iHFE
EA B UCRIAT 2720 0SS ED LT o, ZodTh, BRI ERE S CO WIE~
DISAIZT T, Bronsted % & Bronsted ¥LIE OIS (NS, HA+B > A+ BHY) 2k ->THLN
L7 b AEA A IR (Protic ionic liquids; PILs) OB TV Tz,

Table 1-8-1. Cation and anion structures of salts and their melting

point.
Cation Anion m.p./°C
Na* Cl- 801
Cs* Cl- 645
(CH;CH>CH2)4N* Cl- 241
\® 9
\/N\?N\ Cl 87
\® 0
F
\e® I
NN NS F—E~F 15
O O
=N @ 1 I
.8.0.5, -3
Cited from ref [60].

11
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1.9. JPAEreEh

PRELEML (Fuel cells: FCs) 1%, AL 225 (8ER) 2LA LEBICKHT B bz 3L ¥ —2BR T RLF
—~EWT HEETH D, ZOBMMIRIZEIT 2 REHIZER T OfEE LA REHE Sk OKE, ATk o
HTHDHID, KISAEIE CO 7 ) —THLIEFICRFEICERVERE LTERENTND, 510, KFEE
%A CO[aIR « FIFH « BB AT (Carbon dioxide capture, utilization, and storage; CCUS)%: & {74 G-l 7- kR
FHEWRET R F —n b DKOERDRETHRRICRNT, KV 7 V-0 RRAVF—FTRNA AL RVED
LR STV A, FCs 13 1838 4F|Z William Robert Grove (2 - THB S, ERERE & Uit TicH
CEMEZE LA, AHICBEETEALTH O AHTICKFELZEALEROEEL(LZHRA LI LD TH D,
Z Dk, 1965 IS TIAREIERA U = I = 5 B~ RS TR, BRx 2B~ R s T& 72,

[ {1 25 TR ELE I (Polymer electrolyte fuel cells; PEFCs) 13K IR~ i (~120 °C) Ik TIEENI+2 L O TH
D, BREUKEEHBHEOFEHM ANy T J—L LTHEASNTWS, ZOEMITE—EBESGIA (Membrane
electrode assembly, MEA, Figure 1-9-1) % 83 HEANC R L TR S TR Y . ZOBRSEMREICHES T 572
W, W OBMR I BERERENLE L - TL b, ZOEEEMRE T, BET Z DuPont #1733
%LtNﬂmmW@@mL&mﬁ&@mw7wﬁm7w%wzwﬁyﬁ%aﬁﬁuv—ﬁmw%hfwé

Z DEBMREIED A A ARG ITETE LM TIHEN TV A (6 = 6.2 x 102 S ecm™ at 100% of relative humidity)
2, EHRREE TIIKOEFIC L > TRBEIZ /2D | A A EEEIFELILTT5(6=1.1x10*S ecm™ at 9%
of relative humidity) %1, Z D72 PEFCs \ZIZMBERSMH & 2D | BHiEEOEINIS2R 5,

H, —— —>
-
Electrolyte C
Membrane
Pt/C ey
Hzo, 02 e [ 02

Figure 1-9-1. Schematic diagram of membrane-electrode assembly (MEA).

F

|
{{CFQCFZ»%(I';—CF%‘

(@) m

F>C
F-C-OCF,CF,S0,2H
CF;
Figure 1-9-2. Chemical structure of Nafion™

12
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1.10.  CO, JyBlEENN

JTAE, CO: [BY - BrjEf (Carbon-dioxide capture, and storage: CCS) Hffind2uRIZERE LT\ 5, BIE T,
COx Wpf gk LCE /) =% /—/L7 2> (Monoethanolamine: MEA, HOC2HsNH2) /K¥FikI-o81z X 5 F b
BRFTSHTEY ., BIETIX CCS FEERBR L LTT I MIEHEN T A0ILH 5, 20 MEA KIEKIZ
L AW DOJFE L, CO2 &7 X /5 (NHy) 0K EDKFREAS (SFRI) THLZERAMLATNS,
LU, CO2lEER. HCOs (H20+CO2 2 HCOs + HY) B8 LN MEA |3k & U CTEH T % 7= DWRINREIE pH 21k
BT R B A 2T D, BRI COTMETICATRIND Z L RIEEAETH D, & TAN, BIERS
KIWA A7 EORBIZ LY pHBBAT D BIEENRELRD) 2 TT T 07 b 8 OARER O
RMEFT O CO NSNS LRI TWD, )7, MEA KBEKIZBRIL S 417z COr Z Bl % 7o 1 i3Ik
FIZEWZ AT —a R NBARELINE, ZOZ LN, COOBEMMIICH L TRE 2L 2o TN 5,

2B, BB U ARER R E~DOBEOEHS CO OFAIAZ BN E LBz 3L X —a 2 hTHIILY
DT DMELOBEBED b TV 5D, £ 2 TRE/BEICFERINZ KD IRVIEKRFZ D CO» WA ¥ E B
INTWA, ZOHT, l-butyl-3-methylimidazolium bis(trifluoromethanesulfonyl)amide: [BMIM][TFSA] 7 & D B
IKPE ILs (2 K 5 COLWIRAS R S AL TV BB BUKHE TLs 12 & 2 WM O JRE) J3i1%, FEFEICITW o FRIEAAE
M (=B ThH Y JENOFIENC X > T CO Z BRI E 72 13T+ 25 Z L3 ARETH Y | ILs DIk
HTHDH, MERINT S ILs 1BV T, CORINEII N F A LTI 7 =4V BICERT D L 0RE<
[TFSAT % A7 % ILs 7% COo/Na BRI AFHED LGN TV B0 B o I 2 U 7 L3R ILs IZ81F 5 CO %
UM% Table 1-10-110FE &5,

Table 1-10-1. Henrry’s constant for CO2sorption (Hcoz2) and CO2/Nz selectivity (otcoznz) for imidazolium based
ionic liquids at 25°C V.

Tonic liquids m.p./°C n/mPas Ve / em3 mol™ Hco2 / mPa OlcoN?
[BMIM][BF] 71 75 188 5.90 -
[BMIM][PFe] 10 182 207 5.34 26
[BMIM][TFSA] 3 40 293 3.30 31
[C:MIM][TFSA]? 33 32 259 3.56 36
[C:MIM][TFSA]? -3 40 293 3.30 31
[CsMIM][TFSA] 9 56 327 3.16 29
[CsMIM][TFSA] 78 91 361 3.0 27
[CsHsFsMIM][TFSA] <25 - 346 2.84 20
[CsHAF isMIM][TFSA] <25 — 401 2.73 16
Methanol —-98 0.61% 40.5 154 23
Acetonitrile —45 0.32 52.2 6.04 64
Propylene carbonate -9 2.84 85.9 6.69 57

1) m.p., n, and Vmindicate melting point, viscosity, molar volume, respectively. 2) It means [EMIM][TFSA].
3) It means [BMIM][TFSA]. 4) Measured at 20 °C.
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7. CO» WA HF & U T IRt 23 1 @EHTW6%@@k##W¢T%50m%ﬂﬂ%%iU%ﬁK
HEHOBRBEPMLETH D Z L0, AHBOLBIZ OWT b 22 5 CEME U722 T VIBREMEIC S0
DREDRPOMY P PEMEIZ RV R HTH D, €2 TEHILEMBHT TLs 2 HE S E iR SF R
(Supporting Liquid Membranes: SLM) "4 1 & U CoOISHBMEFEE SN TS, L L, SLMIZZILEHIZ ILs =
FLTW OB AIIBRWEAEERTH 2720, METHZEICEVIRRT 2L Vo7 T AV v MR EFEET 5,

LI1l. 7~

TIEE, TUOE=TNH)OKERFZIRICKBEEEIIFFRICGEB LG TH D, 7 I VIEE
FIF T EIC®H BINLE 7% (Lone pain) 23 7' 12 k2 (HYDOZEHLEIZRNLT 5 Z ENTE 5720, HE L LTEH
T5, £, MELEBEFRIOEEICI Y T IV FEEMESFMFT 2 7 oAb T L F 2% L TREZA
(Nucleophile) e LTERT 22 L3 T&E %, LinL, RIcHL &R ar A7 AFNABH LRV ITT I -
DINLETRDBELS 72 IR T =0 A D F A F CHERNICERT 57290, RIGOILFERICITER
RUETHD,

1111 BEMRET 2 v~

ReWilET 2 o OMFEEEX, WEMBOMBMEE pK. bt D 2 LR TE S, NI OKERT—2% =T /L
FCEB U727 2 > T D Ethylamine (EtINH2) DI EE pKa 13 112, NH; DKFRER 1 —o% =F LK
B L 725 k7 X 2 T % Diethylamine (NHE) D HEEEME pKald 11.0, NHs DKFERF =2 % = F /LI E#A
U725 =#7 1 T D Tetraethylamine (Nets)DILAZFE pKa 13 1.1 EIEHMEREITH 7 I >HE M7 1,
Bk TIV>EERT IV CIMEEERDHLD) b, —FH T, NH; OIEERE pKa 1L 94 THLH-9D

NH; LD 7 IO NMEEETH D, Tk, TAIAVERETHGEE LoD, EXRETOAICHE
T57DThD,

1112 BHFRTIY (7= )
7=V COEREEER. 7 I BT EFREERFT LICH HINLE R OIERIE (Figure 1-11-2-1)
BIZEETIIRDND Z LIk TOEFITNEL 2o TLE I 20, KR T I L 3tEETH 5,

H

H H H H
N, R _N. N oN N,
..H<—>@@H<—> (Z@HH ®H<—>©/ H

S)
o el

Figure 1-11-2-1. Resonance structures of aniline.

K, 7=V ORI pK 3 4.6 THDZ DL, T2V UBHRWERIETCHD Z Ebnd, £, 7
=TI /K (NHy ICHIEIKRERFZ2 7R LEICER LSS, BEMEEM 22508, 2R THIE
BEET 2 & Eoitg i 72 5 = L,
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B1E  Fam
1.12. WF9eHEe
1121, WFgeiy s

INET, FMERI=ENT) & BRICEX LN TELR, 2 2R HETES TFEO LA O L
BhlipoT&lz, —H T, BOTFEOTNMEANIEHEN OATREOR B L REZITDH b, HIHM
ISEET NVUSATOBITEH LW EZE X LN TE T,

FOHRT, BAxOMEITN—TTIE, GTRBOLIZT 7 P BECTALABT X LEEEANL-ERERO
FEHEACEMDO—ER (Figure 1-12-1-1) 28 SL 7 JREET SmA M Z /R L., T EFE~ OFBIALL LI L.,
INBESRZ AT 2 Z L THNVEBRT 2 2 L 2 #E L C& U, TR TARR S e 7 U bAlE,
KREGEMEERRELZA L TW AW, pH ILEASNT . (LFENLEEREV, — T, ZUeflE LTo
AEZ BB S H 5 120 O TRGHESHIFEE P, SR EOERmENE ) U TICE> THWDOR
BIRTHD, F1-, WAL RERVE I TAAa T AFRVIEEET 2 EERILEWN S AL & LT
EHT 2560528, ki, TR T I v /Ry 7 Ao TWBHERE LTiX, Fv
LAMEFRA R ERETH S Z IR T 5, £, AT TEEO XS 2ikiE) Tbo, Fuix Nk
DX REK] T2, ZOHERTLHIMHEZFE—DOIEMDRTRTYNETH D &V ) JIZBWTEITIYIC KR
B Ch 5 RBEBEHET D,

(a)
O O
(6] O (@] (e}
O (@]

2-0Ox0-2H-chrmomen-6-yl 4-alkoxybenzoates [76] 2-0Ox0-2H-chrmomen-6-yl 4-alkoxybiphenylcarboxylates [77]

(b)
CgF43CoH4S
|
2-Alkoxy-6-[4-(2-perfluorohexyl)ethylthiophenyllnaphthalenes [79]
CBF1302H4SO O(CHz)nOO SC2H4CGF1 3

1,n-Bis[{4-[2-(perfluorohexyl)ethylthio]phenoxy}alkanes (3]
Figure 1-12-1-1. Example of chemical structures of (a) lactone-containing and (b) fluorine-containing low molecular-

weight gelators without hydrogen-bonding groups.

Z ZC, Figure 1-12-1-2 TF & B 72 X 9T 2-Ox0-2H-chromen-6-yl 4-octyloxybenzoates & = A 7 /LR OB 5
] % ¥ 12 L 7= Octyloxy 2-ox0-2H-chromen-6-ylbenzoate % bz L7z & X2, HIE 1L NFHOFIL ks RAEK 7>
OHEIN TS (DF D, HRTIIHMAFAIFEILL22) 23 Propylene carbonate (PC) (Z%F L C 4wt%is N4
HIETHNVERKT D, —F T, BEIT SmA HBRBT D2, PC 2/ ML, EbIC, ThbDT
NENEEZKRFBRTO—H %27 v R IZEB LT 2-Oxo-2H-chromen-6-yl 4-(1H,1 H,2H,2H-tridecafluorooctyl)-
thiobenzoate 33 & U (1H,1H,2H,2 H-tridecafluorooctyl)thio 2-oxo0-2H-chromen-6-ylbenzoate {& -2\ T & & flFH DI H
DFES PCIZHT DT NVIERDO AR THENRRD Z R Dho TS, LinL, NP —RITHTFIZDI
B2 (=EiExs H7zRv) & X 2-0Oxo-2H-chrmomen-6-yl 4-alkoxybenzoates 3R ik (2 B 5 2 £ 1L
72 EIC X o TH GRS OHEE DS A TWRWBLRAEFET 5,
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3
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(a)
O O
CsH17O‘®_‘/< Fluorination CsF1302H4S©—/<
o) o) _— o) o)
e pa
A — A -

Change the orientation Change the orientation
of ester group of ester group

CBH17OOO o Fluol‘ination CGF13C2H4SOO o
@) 0 f0) 0

0
CusO©—< CeF 302H4s©—/<
e e

(0]
» Cryst 105 [N 88] Iso / °C » Cryst 115 SmA 160 Iso / °C
» It can gelatinize PC with 4wt% » No gelation ability in PC.
addition.
chﬂoOo CSF13CZH484©70
@) 0
o} o} 0 0
» Cryst 107 SmA 118 Iso / °C > Cryst 130 [SmA 125] Iso / °C
» No gelation ability in PC. » It can gelatinize PC with 4wt% addition.

Figure 1-12-1-2. (a) Relationship among 2-oxo0-2 H-chromen-6-yl 4-octyloxybenzoates, octyloxy 2-oxo-2H-chromen-
6-ylbenzoate, 2-oxo-2H-chromen-6-yl 4-(1H,1H2H,2H-tridecafluorooctyl)thiobenzoate, and (1H,1H,2H2H-
tridecafluoro-octyl)thio 2-oxo0-2 H-chromen-6-ylbenzoate. (b) Summary of mesomorphic properties and gelation ability
in propylene carbonate (PC) of 2-oxo-2H-chromen-6-yl 4-octyloxybenzoates, octyloxy 2-oxo-2H-chromen-6-
ylbenzoate, 2-oxo0-2H-chromen-6-yl  4-(1H,1H,2H,2H-tridecafluorooctyl)thiobenzoate, and (1H,1H2H2H-
tridecafluorooctyl)thio 2-oxo0-2H-chromen-6-ylbenzoate. Cryst, SmA, N, Iso are crystal, smectic A, nematic, and
isotropic liquid phases, respectively. Brackets indicate a virtual transition temperature extrapolated from a binary phase

diagram.
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1.122. #F7EER

AL T, REBBE7 =V ATV EREZE LU GER L, 22icmEREREE LT (1) 7
AT AFNVEERIL (2) 2240F V2H- I 0 A 6 A NE (< B ZEALAEY 1 HE~5 8
(Figure 1-12-2-1) &R L7z, 246 ORAETERHT R K OV L OEPVEREAM & M ERRIT 208 L CHK S 28
AR CHBEIRERE BRE L,

0 (0]
CsF1302H4S@O CGF1302H4S‘©—< @O
%@OCNHZM OOOCnH2n+1 CeF13C2H40 @OCnH2n+1
o o]
Compounds 1-n Compounds 2-n Compounds 3-n

0 (6]
06F1302H43~©—/( @O
O@—SCQWCGFw CeF13C2H,0 @302H405F13
O

Compound 2-F Compound 3-F

O
O
an2n+1o©—-/< CnH2n+1ow O
o o e} o
o (e}
— Compounds 5-n —

Compounds 4-n
Figure 1-12-2-1. Chemical structures of compounds 1-5 as novel low molecular-weight gelators without hydrogen-

bonding groups.

SHIZ, AR LT AL Z WIS & LT, BukiEZzmd 7 m b oA A & (Hydrophobic and
protic ionic liquids (HPILs); Figure 1-12-2-2)A #7216 L. TN b &2 7 AL L TR O A A kK7 ik
2 7R ELEE T AR RS CO BT R U C oS T %2 B9 & U= IR 2 1 A AGEEE O HIE
BIOLAR P—RIEICL > TToT, BAME 7 a M ARSI T 2B % 2 HPILs 17 v R
DEFRFEE o BB 2HERIICE > THKRELZBER LOOEHKREL (T ET 22 2 HME LT
{Z Bis(trifluoromethanesulfonyl)amide (H-TFSA, TENH) %, LI alkylpyridine 75E (A L OF alkylaniline 35 (&
ERAWTER L, THICE Y REFEROTEDE LRI & WERIN 2 oA 77U » K COx BRIX
R LTORBEIFFTE S, LML, HPILs 720F CIIABIEMHEBARE S COr B B~DIS X, Wik
LW EOBLRNOIEFICH L WD, FAEREST L2 LI2E 0 A R T EOmVCREM B & L
CICHATRETH 5.

[ o8
ﬁ/ F4C~ 5‘N’ 5\0F3

)ﬁﬁ\ fof ™ 2ot
N || e RN er, O ||Fao 2N T CFy

| 0 0] O
1 H |1|
[2,6-LUt][TFSA]
[2,4-LUt][TFSA] [2,4,6-Col|[TFSA]
O g 1O g8 1 | O g8 2.9
S.©.s 5.9.5 .8.8.s ~SK-Ss
FsC 1 N"1~CF FsC 1 "N"1i~CF: F3C 11N "1 “CF ® F3C™ 1"N"11"CF3
H"}lg?-l ’ 6 5 ? /I\.Jg ¢ 6 5 : \/'}Ig/ o707 Sapellber e e
H H H H
[2,6-Pr,AN][TFSA] [N,N-Me,AN][TFSA] [N, N-Et,AN][TFSA] [N,N,2,6-Et,AN][TFSA]

Figure 1-12-2-2. Chemical structures of HPILs.
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ARETIL, AL AETH LA A ARE TV efl- S 2720, FAesl & L ThFRmMIC 7 v A e T
NENVEERTHLEEBERT = = VFHEEREZ G LIERHERICOWTRY, £, Gl LT AbHlo—EBix
BEHZ B L7720, T OREIEOFHERRIZ OV TH IR,

21. &S

PIAT R 0 Fox BER L TET2IRBRAEEDRS FES LA T, RO 5137 /I W THE
(LB ZENZ ZBETHN > TE T, BT (bLEMAn DT LV ax P EET LR NVEIZ LIALEDICE
WTHE, EEDL 7 HLEE DRI 2 W E R Do TWA, Z0 TBROG1) T —F be vy ZiEath
BTCE<RONLES TR THD, 2FEV . R LT EAIPNREEZ ST OTHIIL, ZuD OIRMAZE
BRI BT 2 B Ok L & SRR O B SR L TW DO ThIVE, BRI STV DR 5

TOEKENZ ., F VY EFHET 5 ET—oDOFELE L THWD I ENAETHDL ESZD,

FDIRNT, RETIL, EHEEIRINI 1L (Attenuated total refraction infrared; ATR-IR) % FV 724
TEMEATIC X > TR O B CHMRLIC DWW THRETT A 2 & & Le, T2 T, 1999 42 Cheng HIZ L » THiE &
W FINZDWTRR T, FRMIILTH NHEZRET 25 5CB % H kb H 5 75 (Self-assembly monolayers;
SAMs) OKME EIZEBATT 2 Z & T N HRIZIZA LN RWERERTZ SAM OREEMIZI>TRIL, Zh
Z ATR-IR ZHWTBET 52 Lic kD FEREIEZRTRETH D = b U LVEDO(LFEREENS 5CB &
SAM DFAAEFIZ DWW TEE LTINS,

F9, 5CB %4 Ta—7 ¢ 7 L7 l-octadecanthiol (2847 L 7-FF, S5CB 13IEBICx L THREY =7 AR W
AR T (DFE Y, 5CB TR L CORmaIZE M3 %, Figure 2-1-1), ZAUZ XD, NFHOELRI~Z FL
BT —IRITDOFENED D Z LR TE D78, Sm-like 72 EHEE 2 BHLWICEKR T 52 N TE 2,

cos? 0'= 1, /3l :

CH3 (CH2)17SH CH3 terminal
Gold

Figure 2-1-1. Schematic diagram of ATR-IR measurement with 5CB and gold-coated 1-octadecanethiol assembly.

ZDEE, CENEAMMERE (vexn) IZIRBTE 5 2223 em™ ORIV AV RICERT 5 &, NHAERT 335 °C
TOY— 7 WS ERAMRE T 37.5°C TOEY—8BE XV /NS 725,
— 7. RPN 24T (b L <ITESOHSS) 2Nz 2 LR~ 7 FARMEW A DIk LT
WA SR, Z20RICH2— 0T E2FREERELTEDL S~ LR FMEEETHZ LT, HAE
HOHEE R TRE L 725, HRFIC van der Waals fH ALTER<° London 0 DI B W T, F 5T 2 BHeE—% )3 [R—F
FIZFEDL LUTETTHY . 2ofior=y NIBHFEETE 578, Figure 2-1-1 O X 5 2B HEL
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F2E LREEFEMT == VRTMEAIOGRE K ORI
TE5L&E2 N5, AENEL, HEEMTIER L ANTRBEIC > TRPSMAEE L. 24 IR IZTHE
T5Z & CTHAEFHOHTZIT-72,

Z 2T LI ATHICIE, WMOBEEIZ K o Cigam SAU T8, AERRsTcix, e b, BREsHv
Tl T D, 22T, WA LBRERTIZ, A=—logTO<T<1)TEEIND, IR AT hLZBWT, %
JERE Z el B E U7- e LB SR A Y S LRI Xl () iR o 2~ bR R oD, %
WENRRKEL D L, BRRITNEL2DH, IR A7 hLTHE, ftfizBiRsR s LBIc—2F 1 )
T=100%& 72> TEY, FBREN 0ITEI LT IFIRELREED, E—IRE LTX Y SIS BORE
THIEEETEHEMERIC RAVUIRE Z2REIE 2V, RO BRYIX, EEMZRER TOFMETH D Z L6,
AHLETII O TH DB MR LA LTz,

22. EB
22.1. I

#AZK(%, BLD Pharm Co. Ltd., Combi-Blocks Co. Ltd., Angene Co. Ltd., Sigma-Aldrich Co. LCC., B®{LZ¥ T
ERA et b LEKRRat, T 747 27Kt L7 4 v 2R TEKRA SO THR

LA R4 = L7 S LT,

222 WE

B A L5 (Nuclear magnetic resonance; NMR) A X2 kLt H AT RS 8 0 JMN-LA500, JMN-
ECZ500, INM-ECA500 (=T 500 MHZ)D W02 THIE Lz, BIEREIT CDCL (NEHEYE CH; in
tetramethylsilane (TMS, (CH3)sSi) = 0 ppm) F 721X DMSO-ds (NEBIZEHE CH; in DMSO = 2.49 ppm) & {#ifH L7, fif
Hri2id JEOL Delta NMR /' 7 k7 = 7 (Delta 6.0) & f# F L 7=,

TRIMEINL (Infrared absorption; IR) A7 F LIRS B EELERTRL O IRPrestige-21 4 L THIE L7z,
HIEEIZRAL D U 7 L8841 (KBr disc.) #5F 721X Specac Ltd. D Quest & 7= 2 HHHIE (Attenuated total
refraction; ATR) V5 C{T > 7=,

15 50 R RE ' B2 0 M (High-resolution mass spectra; HRMS) 1 Waters #1840 Xevo G2-XS Qtof £ L7z, 72d5.
HETTI ARG HATER IR LT,

FOS RO @A (mp) 1IERESHE Y = o« H oA = RO BREHSHEEE (RFS-10 7780 2 L CHl
E LTz,

R PEREI 3RSt = = B O R TERSSE (Polarized optical microscope; POM) ECLIPSE LVI0ON (Z A k&
— O EHIEAEE FPO0 M AE b 72 3E@ I L 2 OIRE &R ZE&#E (Differential scanning
calorimetry; DSC) il Z1Z X 2 ISR 1 L ORISRV O R CIT - 7=,

RERREIC 1T 2 B O EREE OHEE X, ATRIEIC K 2IRE AT IR HlE (ATR/VT-IR) & % LB A
(Density functional theory; DFT) 515 & #l A& o8 TIT - 72, ATR/VT-IR |2 1% PIKE Technology Ltd.#¢> GladiATR
(ATR crystal: diamond) % ] L 7=, $£7-, DFT #% 1% Gaussian 16 BV U, Z3#4EBEIALES %I B3LYP, TRAK
BA%RIZ 6-311G(d) & IV ThEE i b 21TV, & O OIRENFITIC L 0 FodifbiiE S KB Th 2 (BIRE)
HEFTCRV) L mfERR Lin, O = RoeHEE I Y 7 ME GaussView 6.1 2 L7z,
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223. Gk

BRI ETREECTV., (LEWORTEIE 'THINMR, IR 8L HRMS TfTo72, ARAF—A1E P36 ®
Scheme 2-1-2-1~2-1-2-5 |2/~ FEM7RERTIE LG O RIER KA LLFIIRT,

(LAY A (4-(1H 1H.2H 2 H-tridecafluorooctyl)thiophenol) D5k

CoF1aCoHal
HSOOH SN CGF1302H4SOOH
K,COs

3-Pentanone Compound A
Refluxed for 3days  Chem. Lett. 2015, 44, 512.

BRIE Ref [4]DEB Y IZB Z 227,

LE5Y B (Methyl 4-(1H_1H.2H 2 H-tridecafluorooctyl) thiobenzoate) 2 5%

0 CoF1aCaHal O
H34®—< T C6F1302H4S‘®_<
OMe 2~ '3 OMe

3-Pentanone
Refluxed for 3days Compound B

ILF AT T A 4-ANH T NEZEFEREAF IV (16 g, 96 mmol), |HIH2H2H-NY T Hh 7 AnatrFiL=a
—3 R (50 g, 133 mmol), REED U UL 15g, 3-X0% /400 mL 02 T2 HEGEW L=, 0%k, ZEiRiK
@ L COEHT Y IS CRRZELY bR ISRZ TR L CHREMRROILEY B ZILEE 86% (42 g, 83 mmol)
TH,

m.p. = 6062 °C; 'H-NMR (500 MHz, CDCls): § = 2.36 (2H, q, J=7.3 Hz), 3.13-3.16 (2H, m), 3.85(3H, s), 7.26 (2H, d,
J=8.5Hz), 7.91 (2H, d, J=8.5 Hz) ppm.; IR (KBr disc.): vc—r = 1090-1284 cm™', vco = 1283 em™, ve=c = 1600 cm™', ve=o
= 1720 cm™', ver= 2940 cm™'.; HRMS (ESI): m/z caled for Ci6H11F13028 [M — H]~ 513.0184; found 513.0197.

1E5% C (4-(1H, 1H 2 H 2 H-tridecafluorooctyl)thiobenzoic acid D5k

- <:> 2\,0 10N NaOH then 12N HCI _ . _ ¢ <:> 2\/0
6! 13w2lla = 6' 13v2lla
OMe MeOH OH

Refluxed for 2h
Compound B then stirred for 1h at 0 °C Compound €

ILFA7F222bE A (15 g, 29 mmol), A ¥/ —/1 500 mL, 10N NaOH /K¥&iZ 60 mL %/ x.C 2 FEfiE
WL7e, POSKTH, RICERZ2L=A7 7 2328 L, £ 212K 3z Ok TRIGER 2 1+45712m
HL7=%. 12N HCI K&K 150 mL 2012 COKIBH ¢ 1 IRRIBEE L=, B o izBEE2 %5 A LTk LT
B, AX VTR L TEEAHROIEY C ZIUE 71% (10 g, 21 mmol) TH7Z,

m.p. = 161-163 °C; 'H-NMR (500 MHz, DMSO-ds): § = 2.56 (2H, q, J=7.3 Hz), 3.34 (2H, m), 7.45 (2H, d, J=8.5 Hz),
7.81 (2H, d, J=8.5 Hz), 12.96 (1H, s) ppm.; IR (KBr disc.): ver = 1090-1284 cm™, ve_o = 1283 cm™, vc=c = 1600 cm™,
ve=0 = 1720 cm™, ven = 2950 cm™, vo-n = 3160 cm™.; HRMS (ESI): m/z caled for CisHoF1302S [M — H]~ 499.0037;
found 499.0038.
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1E5%) D (Methyl 4-benzyloxybenzoate) D 5/%
0 0
>—®f0H BnBr 3 ::: oBn
MeO KoCOq MeO
3-Pentanone
Refluxed for 3days Compound D
300mL F A7 7 A2 4- R X2 BEmEAF /L (10 g, 66 mmol), EAL~_ /L (11 g, 66 mmol), fRERD
U L30g, 3-%0% /200 mL ZA12 T30 KRR L7z, UG T, O7FEHr 0 iz L 0 BEEE T
Fr& . BERN L TELONEEREZ A 2/ — /L Clsia L TEAKRROEY D %I 73% (8.0 g, 48 mmol)
THT.
m.p. = 108-110 °C; 'H-NMR (500 MHz, CDCls) § = 3.80 (3H, s), 5.03 (2H, s), 6.91 (2H, d, J=8.6 Hz), 7.25-7.36 (5H,
m), 7.91 2H, d, J=8.6 Hz) ppm.; ATR-IR: vme-0 = 1008-1242 cm™, vpr-0 =1028-1317 cm™, ve-0= 1709 ecm™, vemof

Me = 2848 cm™, venotph = 2954 cm™.; HRMS (ESI): m/z calcd for Ci1sHi4O3 [M + H]" 243.1021; found 243.1022.

LAY E (4-benzyloxybenzoic acid) 9 5%

Q 6N NaOH then 12N HCI 0
OBn MeOH > OBn
MeO e HO

Refluxed for 2h
Compound D then stirred for 1h at 0 °C Compound E

300 mL A7 7 22 {bAEY G (6.0 g, 15 mmol), A% /—/L 150 mL, 6N NaOH /K{&iZ 50 mL %1 %2 T 2 I
FLEWE Uiz, RS T, RINEREY 2 L =A7 7 A2 2B L, KIBH CRINEKRE HoIcimH L%, 12N
HCI K¥E#Z 150 mL 2 N2 KT | REE L, B o mBERE2 s A L&KL TEERRD
(LAY E 2R 72% (4.1 g, 18 mmol) TE 7=,

m.p. = 193-195 °C; "H-NMR (500 MHz, DMSO-ds): & = 5.16 (2H, s), 7.08 (2H, d, J=8.6 Hz), 7.32-7.45 (5H, m), 7.87
(2H, d, J=8.6 Hz) ppm.; ATR-TR: vc.o =1273 ecm™, ven= 1337 em™, ve=o = 1720 em™, ve=c = 1597 em™', vo-n = 2979
cm™; HRMS (EST): m/z caled for Ci14Hi1203 [M — H]~ 227.0708; found 227.0708.

1E5Y F (1H 1H 2H 2H-tridecafluorooctyl 4-benzyloxybenzoate) 5%
.. : CeFraCoHOH 0
HO B EDC-HCI, DMAP OB
’ CgF13C-H,O
OME 6F13C2H4

Compound E ) ) Compound F
Stirred for 1 night at r.t.

50mLF R 7T AALAW E (2.5 g, 11 mmol), 1H1H2H2H-FYFH7)F 042 & ) —/ (4.0 g, 11 mmol),
1-=FN3-3-FAFIT I TR T4 I REREE (EDC'HCL 22 g, 11 mmol), Y AFNLT I/ E

J ¥ (DMAP) 0.5 g, N,N-V A F)L/L AT 2 K (DMF) 20 mL 1% 7=, |iEc—Figs L=, Sonx

FOSIREGW %, b= T 2 B L, AEHEA K clg Lz, Boh-AlELr = SR Lr—2—

TIWERSE L CE b EEEEZ 7 ok -2 ) — VBRGTEE CHMER L TR EROLEY F 2R

44% (2.8 g, 44 mmol) T{H7=,

m.p. = 60—61 °C; '"H-NMR (500 MHz, CDCL;): § = 2.47-2.57 (2H, m), 4.53 (2H, t, J=6.3 Hz), 5.06 (2H, s), 6.93 (2H, d,

J=8.6 Hz), 7.28-7.39 (5H, m), 7.92 (2H, d, J=9.2 Hz) ppm.; ATR-IR: vc-r= 1018-1282 cm™, vc-0 =1230 cm™", ven= 1319

cm™, ve-c = 1579 cm™, vc-0 = 1714 cm™.; HRMS (ESI): m/z calcd for C22HisF1305 [M — H]~573.0735; found 573.0735.
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1E5Y G (1H 1H 2H 2H-tridecafluorooctyl 4-hydroxybenzoate) 2 5/%

(0] (0]
5o S ()or
CGF1302H4O M) CGF1302H4O

Toluene, EtOH

Compound F Compound G

I LEMAERET T ZA2I4LEW F (2.0 g, 3.5 mmol), =4 /—/L 400 mL, h/L=> 200 mL 12 (LE9 % V5
iR SHIMRIT 5% 3T DU LRFE 0S5 gh Mz, KIEHRGHERK L THZEALELUIESE L, AR
FEATERL 2o b, EHRSmRERK[FBR L TRT VT LARFEEIEN L. ISR EZ =R L—F —
TRIERME L TEONZERE ML Tl ZT > TEASHREE S OEY G ZIEE 77% (1.3 g, 2.7
mmol) TH7-,

M.p. =109-110 °C; 'H-NMR spectrum did not obtain as the compound could not dissolve in CDCls and DMSO-ds.; ATR-
IR: ver=1010-1280 cm™, vc—o = 1230 cm™, ve-n= 1315 ecm™, ve=c = 1589 ecm™, vc=0 = 1678 cm™, vo-n = 3269 cm™;

HRMS (ESI): m/z caled for C1sHoF1305 [M — H]~483.0266; found 483.0269.

LA H-n (Methyl 4-alkoxybiphenyl-4’-carboxylate) D&%

2 CoHane1Br 0
0L ) ), Ko, o))
OMe 223 OMe

3-Pentanone
Refluxed for 3 days

Compounds H-n

(& H-3)
ILFATFAI 48 FRF U ET 2= )b )VR R AF L (5 g, 21.9 mmol), -7 BET X (271 g,
21.9mmol), 3-X2% 7 200mL, [REEH U 7 A 10g, 2z, ML o 28 Z2-215 T3 HREBER L 72,
FOSKET %, S| U Tlks| Az &0 BEEZEIR L7z, B L 72 B A KGE L TEER KD (LEY) H-4
2N 64% TR T,
m.p. = 160-162 °C; "H-NMR (500 MHz, CDCls): § = 0.98 (3H, t, /=7.4 Hz), 1.73-1.80 (2H, m), 3.86 (3H, s), 3.90 (2H, t,
J=6.6 Hz), 6.91 (2H, d, J=9.2 Hz), 7.51 (4H, dd, J=9.2, 8.6 Hz), 8.00 (2H, d, /~8.0 Hz) ppm.; ATR-IR: vc_o = 1250 cm™,

! veen=2900 em™.; The product was a pure materials confirmed by HPLC instead of HRMS measurement.

ve=0= 1700 cm™
LA TFIZ[AER O FNETERL LT[R O [RER R 2 miid 2.
(L&) H-4)
m.p. = 160-162 °C; 'H-NMR (500 MHz, CDCl:): 6 = 0.98 (3H, t, /=7.4 Hz), 1.73-1.80 (2H, m), 3.86 (3H, s), 3.90 (2H, t,
J=6.6 Hz), 6.91 (2H, d, /=9.2 Hz), 7.51 (4H, dd, J=9.2, 8.6 Hz), 8.00 (2H, d, J=8.0 Hz) ppm.; ATR-IR: vc-0 = 1250 cm™',
ve=0= 1700 cm™, ve-rr =2900 cm™.; The product was a pure materials confirmed by HPLC instead of HRMS measurement.
(L&Y H-5)
m.p. = 135-139 °C; "H-NMR (500 MHz, CDCls): § = 0.94 (3H, t, J/=7.2 Hz), 1.36-1.49 (4H, m), 1.79-1.84 (2H, m), 3.93
(3H, 5), 4.00 (2H, t, J=6.6 Hz), 6.98 (2H, d, J=8.6 Hz), 7.56 (2H, d, J=9.2 Hz), 7.62 (2H, d, J=8.6 Hz), 8.07 (2H, d, J=8.6
Hz) ppm.; ATR-IR: vc-o = 1250 cm™, vc-o = 1725 cm™, ver = 2900 cm™.; The product was a pure materials confirmed
by HPLC instead of HRMS measurement.
(L&Y H-6)
m.p. = 137-139 °C; 'H-NMR (500MHz, CDCLs) & = 0.91 (3H, t, J=7.3 Hz), 1.34-1.82 (8H, m), 4.00 (2H, t, J=6.5 Hz),
6.98 (2H, d, J=9.0 Hz), 7.56 (2H, d, J=9.5 Hz), 7.62 (2H, d, J=8.5 Hz), 8.07 (2H, d, J=8.0 Hz) ppm.; IR (KBr disc.) :
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1 1

vean = 2940 em™, ve=0= 1720 em™', vc_o= 1290 cm™'.; The product was a pure materials confirmed by HPLC instead of

HRMS measurement.

(L&Y H-7)
LAY H-7 128V T, 48 XL, 0-B 7 == L4 - IR A FLORDYIZ 4-8 Fax[l,1-v
7 =4 F VIR T L W TERC L T2, M.p. = 87-88 °C; 'H-NMR (500 MHz, CDCls): § = 0.90 (3H, t,
J=6.9 Hz), 1.31-1.42 (8H, m), 1.44-1.50 (2H, m), 1.78-1.84 (3H, m), 4.00 (2H, t, /=6.6 Hz), 4.39 (2H, q, /~7.3 Hz), 6.98
(2H, d, J=8.6 Hz), 7.56 (2H, d, /=8.6 Hz), 7.62 (2H, d, /=8.0 Hz), 8.08 (2H, d, /=8.0 Hz) ppm.; ATR-IR: vc-0 = 1270 cm™
! ve=0 = 1700 cm™, ven = 2950 cm™.; The product was a pure materials confirmed by HPLC instead of HRMS
measurement.

(L&Y H-8)
m.p. = 128-130 °C; 'H-NMR (500MHz, CDCls) = 0.89 (3H, t, J=7.0 Hz), 1.29-1.81 (12H, m), 3.93 (3H, s), 4.00 (2H, t,
J=6.5 Hz), 6.98 (2H, d, J=8.5 Hz), 7.56 (2H, d, /=9.0 Hz), 7.62 (2H, d, /=8.5 Hz), 8.07 (2H, d, J=9.0 Hz) ppm.; IR (KBr
disc.) : ven = 2920 em™, ve—o= 1720 cm™, vc-o= 1290 cm™.; The product was a pure materials confirmed by HPLC
instead of HRMS measurement.

(L& H-9)
m.p. = 128-130 °C; 'H-NMR (500 MHz, CDClz): & = 0.89 (3H, t, /=6.9 Hz), 1.28-1.38 (10H, m), 1.43—1.50 (2H, m),
1.78-1.84 (2H, m), 3.94 (3H, s), 4.01 (2H, t, J=6.6 Hz), 6.99 (2H, d, J/=8.6 Hz), 7.56 (2H, d, J=8.6 Hz), 7.62 (2H, d, J=8.6
Hz), 8.08 (2H, d, /=8.6 Hz) ppm.; ATR-IR: vc-o = 1250 cm™, vc-0 = 1720 ecm™, ve-n = 2900 cm™.; The product was a
pure materials confirmed by HPLC instead of HRMS measurement.

({54 H-10)
m.p. = 126-128 °C; "H-NMR (500MHz, CDCl) & = 0.88 (3H, t, /~7.3 Hz), 1.27-1.83 (16H, m), 4.00 (2H, t, J/=6.5 Hz),
6.98 (2H, d, /~=8.5 Hz), 7.56 (2H, d, J=8.5 Hz), 7.62 (2H, d, /=8.5 Hz), 8.07 (2H, d, J=9.0 Hz) ppm.; IR (KBr disc.) : vc-
1 =12920 cm™, ve=o= 1720 cm™, vc_o= 1290 cm™.; The product was a pure materials confirmed by HPLC instead of
HRMS measurement.

(L&Y H-11)
m.p. = 81-83 °C; '"H-NMR (500 MHz, CDCls): 6 = 0.88 (3H, t, /=7.2 Hz), 1.27-1.38 (14H, m), 1.44-1.50 (2H, m), 4.00
(2H, t, J=6.6 Hz), 4.39 (2H, q, J=7.1 Hz), 6.98 (2H, d, /=8.6 Hz), 7.61 (2H, d, J/=8.0 Hz), 8.08 (2H, d, /=8.6 Hz) ppm.;
ATR-IR: ve_o = 1250 cm™, ve=0 = 1700 cm™, veen = 2900 cm™'.; The product was a pure materials confirmed by HPLC
instead of HRMS measurement.

(&% H-12)
m.p. = 125-128 °C; 'H-NMR (500 MHz, CDCl5): 6 = 0.88 (3H, t, /=7.0 Hz), 1.27-1.83 (20H, m), 4.00 (2H, t, J=6.8 Hz),
6.98 (2H, d, J=9.0 Hz), 7.56 (2H, d, /=8.5 Hz), 7.62 (2H, d, /=8.5 Hz), 8.07 (2H, d, J=9.0 Hz) ppm.; IR (KBr disc.): vc-o
=1290 cm™, ve-0= 1720 cm™, ve_i = 2920 cm™.; The product was a pure materials confirmed by HPLC instead of HRMS

measurement.

1LY I-n (4-Alkoxybiphenyl-4 -carboxylic acid) D 5%

O O
8N NaOH then 12N HCI
C”HZ””O EtOH C”HQ””O
OMe OH

Refluxed for 1 day
Compounds H-n then stirred for 2h at 0 °C

Compounds I-n
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UEEP1-3)
ILF A7 7 22i1{bE W H-3 (3.5g, 129 mmol), =% / —/L 250 mL, 8N NaOH /K& 30 mL Mz, Hfkh
Ny NEEZOTT HER L, RISKTHR, SRMG LTIl =A7 7 A2 llSREWE8 L, £ 2
i 12N HCIL KEHE 60 mL Z X COKIRH T 1 RERIEIF L7, BOSHE T, W1 2 X - TR U7z Bk %
KRB L2121 7 B L ATl L CRAKRKOILE Y 1-4 %I 89% (3.1 g, 11.5 mmol) T/,
m.p. = 258-259 °C; 'H-NMR spectrum could not be observed since the product could not be dissolved in CDCls and
DMSO-ds.; ATR-IR: vc-0= 1200 cm™, vc-0 = 1650 cm™, ven = 2900 cm™, vo-n = 3100 cm™.; The product was a pure
materials confirmed by HPLC instead of HRMS measurement.
LURIZ[RIER DO FNATERRL L 7z R O [FER R 2 fidl 3 2,

(L&aw 1-4)
m.p. = 248-250 °C; 'H-NMR spectrum could not be observed since the product could not be dissolved in CDCls and
DMSO-ds.; ATR-IR: vc-o= 1250 cm™, vc-0 = 1680 cm™, veen = 2900 cm™, vo-n = 3200 cm™.; The product was a pure
materials confirmed by HPLC instead of HRMS measurement.

LEW 1-5)
m.p. = 238-241 °C; 'H-NMR spectrum could not be observed since the product could not be dissolved in CDCls and
DMSO-ds.; ATR-IR: vco= 1250 cm™, vc-0 = 1650 cm™, veen = 2900 cm™, vo-u = 3400 cm™.; The product was a pure
materials confirmed by HPLC instead of HRMS measurement.

e&a¥ 1-6)
m.p. = 214-218°C; 'H-NMR spectrum could not be observed since the product could not be dissolved in CDCls and
DMSO-ds.; ATR-TR: ve—o= 1290 cm™', vc=0 = 1680 cm™, v = 2940 cm™, vo_r = 3100 em™'.; The product was a pure
materials confirmed by HPLC instead of HRMS measurement.

ULEw1-7)
m.p. = 196-198 °C; '"H-NMR spectrum could not be observed since the product could not be dissolved in CDCls and
DMSO-ds.; ATR-IR: vc—o= 1250 cm™', vc=0 = 1700 cm™, veon = 2900 cm™, vo_nr = 3400 cm™'.; The product was a pure
materials confirmed by HPLC instead of HRMS measurement.

L&Ew 1-8)
m.p. = 187-188 °C; 'H-NMR spectrum could not be observed since the product could not be dissolved in CDCls and
DMSO-ds.; ATR-IR: vc-o= 1200 cm™, vc=0 = 1690 cm™, ve_n = 2920 cm™, vo-n = 3200 cm™'.; The product was a pure
materials confirmed by HPLC instead of HRMS measurement.

L& 1-9)
m.p. = 250-252 °C; 'H-NMR spectrum could not be observed since the product could not be dissolved in CDCls and
DMSO-ds.; ATR-IR: vc-o= 1250 cm™, vc-0 = 1650 cm™, ve_n = 2900 cm™, vo-n = 3100 cm™.; The product was a pure
materials confirmed by HPLC instead of HRMS measurement.

(L&Y 1-10)
m.p. = 137-141 °C; 'H-NMR spectrum could not be observed since the product could not be dissolved in CDCl3 and
DMSO-ds.; ATR-IR: vc-o= 1300 cm™, vc-0 = 1680 cm™, veen = 2920 cm™, vo-n = 3100 cm™.; The product was a pure

materials confirmed by HPLC instead of HRMS measurement.
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k& 1-11)
m.p. = 248-250 °C; '"H-NMR spectrum could not be observed since the product could not be dissolved in CDCls and
DMSO-ds.; ATR-IR: vc—o= 1250 cm™', vc=0 = 1685 cm™, veen = 2900 cm™, vo-nr = 3200 cm™'.; The product was a pure
materials confirmed by HPLC instead of HRMS measurement.

EEW1-12)
m.p. = 164-168 °C; 'H-NMR spectrum could not be observed since the product could not be dissolved in CDCls and
DMSO-ds.; ATR-IR: vc-0= 1250 cm™, vc-0 = 1650 cm™, ven = 2900 cm™, vo-n = 3400 cm™.; The product was a pure

materials confirmed by HPLC instead of HRMS measurement.

L4 1-n (4-(1H, 1H,2H,2 H-tridecaflurooctvl) thiophenyl 4-alkoxybenzoate) 7D 5%

HO oo.h 1) SOCIy, A (45 min) _ CGF1302H4SOO
0‘2 ( > ntene 5y Compound A = )/‘—@Oanznn

Toluene, Pyridine ¢)
A (4h) Compounds 1-n

LEw 1-4)
50mLF AT T A2 4-7 FFILEERE (091 g 4.7 mmol), HLF A=/l 8mL ZNMx7-%%. 80 °C T45%
IEEFE LTz, BUGCHE T, Kitel7 A v L— &% —Z2 FIWTRIERE 21TV, £ 218 v 10 mL, k&
Y AQ22g4.6mmol) L HEKE Y 2 10mLIES LR A M A 7o, 80 °C T4 KEfIMEMRE L7z, RIS T
B, AR —F =2 RN THERMEZITV., BOoNCERERABHE LT oafR sz flnics U7
TNHT a5 74— THREL TEEHROMED 1-4 2R 68% (2.1 g, 3.2 mmol) TR/,
'H-NMR(500 MHz, CDClz): § = 0.99 (3H, t, J=7.3 Hz), 1.50-1.56 (2H, m), 1.79-1.84 (2H, m), 2.40 (2H,m), 3.12 (2H,
m), 4.05 (2H, t, /=13.4, 6.71 Hz), 6.97 (2H, d, J/=9.1 Hz), 7.20 (2H, d, /=8.5 Hz), 8.12 (2H, d, /=8.5 Hz) ppm.; ATR-TR:
ver = 1139-1232 cm™, ve=0= 1728 cm™, ven = 2962 ecm™"; HRMS (EST): m/z caled for CasH21F1305S [M + H]™ 649.1082,
found 649.1081.
LA [RBROFNETE R LT[R O [RER R 2 riid 2,

Lawr1-1)
'H-NMR (500 MHz, CDCls): § =2.42 (2H, m), 3.10-3.14 (2H, m) 3.91 (3H, s), 6.99 (2H, d, J=8.6 Hz), 7.20 (2H, d, J=8.6
Hz), 7.44 (2H, d, J=8.6 Hz), 8.15 (2H, d, J=9.2 Hz) ppm.; ATR-IR: vcr = 1138-1246 cm™!, ve—o = 1728 em™, v = 2939
cm™!.; HRMS (EST): m/z caled for C22HisF1303S [M + H]* 607.0613, found 607.0615.

(ba#1-2)
'H-NMR (500 MHz, CDCLs): & = 1.48 (3H, t, /=7.2 Hz), 2.43 (2H, m), 3.11-3.15 (2H, m), 4.14 (2H, q, J=6.9 Hz), 6.99
(2H, d, J=8.6 Hz), 7.21 (2H, d, J=8.6 Hz), 7.45 (2H, d, J/=8.6 Hz), 8.15 (2H, d, J=8.6 Hz) ppm.; ATR-IR: vc.r = 1141-
1230 cm™, ve=0 = 1735 em™, ven = 2935 ecm™'.; HRMS (ESI): m/z caled for C2sHi7F1305S [M + H]" 621.0769, found
621.0771.

(baw 1-3)
'H-NMR (500 MHz, CDCL): § = 1.07 (3H, t, /=7.4 Hz), 1.85 (2H, td, J=14.0, 7.4 Hz), 2.41 (2H, m), 3.10-3.13 2H, m),
4.01 (2H, t, J=6.6 Hz), 6.97 (2H, d, J=9.2 Hz), 7.20 (2H, d, J=8.6 Hz), 7.44 (2H, d, J=8.6 Hz), 8.13 (2H, d, J=9.2 Hz)
ppm.; ATR-IR: ver = 1172-1247 ecm™, ve-0 = 1726 cm™, veen = 2941 cm™.; HRMS (ESI): m/z calcd for CosaHioF 13038
[M + H]" 635.0926 found 635.0926.
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U&aw1-5)
"H-NMR (500 MHz, CDCls): § = 0.94 (3H, t, /~7.2 Hz), 1.37-1.47 (4H, m), 1.79-1.85 (2H, m), 2.41 (2H, m), 3.09-3.12
(2H, m), 4.04 (2H, t, J=6.6 Hz), 6.96 (2H, d, J/=9.2 Hz), 7.19 (2H, d, /=9.2 Hz), 7.43 (2H, d, /~8.6 Hz), 8.12 (2H, d, J~8.6
Hz) ppm.; ver = 1139-1232 cm™, ve=0 = 1734 em™, ven = 2933 cm™'.; HRMS (ESI): m/z calcd for C26H23F1303S [M +
H]" 663.1239, found 633.1238.

(Law 1-6)
'"H-NMR (500 MHz, CDCls): 8 = 0.88 (3H, t, J=7.2 Hz), 1.26-1.34 (16H, m), 1.44-1.50 (2H, m), 1.79-1.85 (2H, m), 2.42
(2H, m), 3.10-3.13 (2H, m), 4.04 (2H, 5), 6.97 (2H, d, J=9.2 Hz), 7.20 (2H, d, /=8.6 Hz), 7.44 (2H, d, J/=8.6 Hz), 8.13 (2H,
d, J=9.2 Hz) ppm.; ATR-IR: vcr= 1139-1234 cm™!, vc-o = 1728 cm™, v = 2937 cm™';HRMS (ESI): m/z calcd for
C27H25F 13038 [M + H]* 677.1395, found 677.1391.

b&aw 1-7)
'H-NMR (500 MHz, CDCls): 8 = 0.90 (3H, t, J=6.9 Hz), 1.26-1.41 (6H, m), 1.44—1.50 (2H, m), 1.79-1.85 (2H, m), 2.41
(2H, m), 3.10-3.13 (2H, m), 4.04 (2H, t, J=6.6 Hz), 6.97 (2H, d, J=8.6 Hz), 7.19 (2H, d, J=8.6 Hz), 7.44 (2H, d, J=8.6 Hz),
8.12 (2H, d, J=8.6 Hz) ppm.; ATR-IR: vcr = 1139-1234 cm™, vc-0 = 1728 cm™! , v = 2935 ecm™L.; HRMS (ESI): m/z
caled for CasHa7F 13038 [M + H]* 691.1552, found 691.1553.

(L&w 1-8)
'H-NMR (500 MHz, CDCls): & = 0.87 (3H, t, J=6.9 Hz), 1.42—1.48 (2H, m), 1.77-1.83 (2H, m), 2.39 (2H, m), 3.08-3.11
(2H, m), 4.02 (2H, t, J=6.6 Hz), 6.95 (2H, d, J=9.2 Hz), 7.18 (2H, d, J=8.6 Hz), 7.42 (2H, d, J=8.6 Hz), 8.11 (2H, d, J-8.6
Hz) ppm.; IR (KBr disc.): ver = 1150-1220 em™, vc—o = 1680 cm™, ven = 3025 cm™;HRMS (ESI): m/z calcd for
C29H29F 1303S [M + H]* 705.1708, found 705.17009.

LAaY 1-9)
"H-NMR (500 MHz, CDCls): 8 = 0.89 (3H, t, J=7.2 Hz), 1.22—1.40 (10H, m), 1.44—1.50 (2H, m), 1.79-1.85 (2H, m), 2.41
(2H, m), 3.10-3.13 (2H, m), 4.03-4.05 (2H, m), 6.97 (2H, d, J=8.6 Hz), 7.20 (2H, d, J-8.6 Hz), 7.44 (2H, d, J-8.6 Hz),
8.13 (2H, d, J=8.6 Hz) ppm.; ATR-TR: vcr = 1139-1234 cm™, vc=0 = 1728 cm™', ve_n = 2922 em™' ;HRMS (ESI): m/z
caled for C3oH31F1303S [M + H]" 719.1865, found 719.1864.

(L& 1-10)
"H-NMR (500 MHz, CDCls): 6= 0.82 (3H, t, J = 7.2 Hz), 1.21-1.30 (12H, m), 1.37-1.43 (2H, m), 1.72—1.78 (2H, m), 2.35
(2H, m), 3.03-3.06 (2H, m), 3.97 (2H, t, J=6.6 Hz), 6.96 (2H, d, J=9.2 Hz), 7.13 (2H, d, J~8.6 Hz), 7.37 (2H, d, J/=8.6 Hz),
8.06 (2H, d, J=9.2 Hz) ppm.; ATR-IR: vcr= 1139-1236 cm™, vc-0 = 1728 cm™, venr = 2958 em™'.; HRMS (ESI): m/z
caled for C31H33F1303S [M + H]" 733.2021, found 733.2019.

LEw 1-11)
'"H-NMR (500 MHz, CDCls): 8 = 0.89 (3H, t, J=6.6 Hz), 1.27-1.36 (14H, m), 1.44—1.50 (2H, m), 1.79-1.85 (2H, m), 2.42
(2H, m), 3.10-3.13 (2H, m), 4.04 (2H, t, J=6.6 Hz), 6.97 (2H, d, J=9.2 Hz), 7.20 (2H, d, J=8.6 Hz), 7.44 (2H, d, J=8.6 Hz),
8.13 (2H, d, J=8.6 Hz) ppm.; ATR-IR: vc_r = 1170-1238 cm™, vc-0 = 1730 cm™!, ven = 2918 cm™.; HRMS (ESI): m/z
caled for C32H3sF 13038 [M + H]* 747.2178, found 747.2178.

LB 1-12)
'H-NMR (500 MHz, CDCls): § = 0.81 (3H, t, J=6.9 Hz), 1.20~1.30 (16H, m), 1.37—1.43 (2H, m), 1.72-1.78 (2H, m), 2.34
(2H, m), 3.05 (2H, q, J=5.5 Hz), 3.97 (2H, t, J=6.6 Hz), 6.90 (2H, d, J=8.6 Hz), 7.13 (2H, d, J=8.6 Hz), 7.37 (2H, d, J=8.6
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Hz), 8.06 (2H, d, J=9.2 Hz) ppm; ATR-IR: vcr= 1139-1236 cm™, ve=0 = 1728 em™, veen = 2918 cm™.; HRMS (ESI):
m/z caled for C33H37F1303S [M + H]" 761.2334, found 761.2333.

(L5 2-n (4 -alkoxyphenyl 4-(1 H, 1 H 2H.2 H-tridecaflurooctyl)thiobenzoate) D55k

(6]
O o
1) SOCI,, A (45 min
06F1302H4s@~/< )SOCk, A (48 min) _ cGF13c2H43@—-/<
2) 4-Alkoxyphenol 0 OCHzn4s

OH v
Toluene, Pyridine
Compound C :
P A (4h) Compounds 2-n

50mL F A7 Z A2 22{bEW C (2.0 g, 4.0 mmol) , HE{LF A =/L 20 mL /M2 71, 80 °C T 45 syfAINEE

L, OSKRTH, KEX7 2L —#—2 W THEREZITV., £ZIZ bz 10 mL, 4
butoxyphenol (0.67 g, 4.0 mmol) & KLU 22 10 mL ZRA LR Z N2 7-1%. 80 °C T 4 WFEn#E# 217
ST, PG TH, =R —F2 =2 AW THEREZITV, I /) — L2 Mz TRIERM TH 5 v
UY U BiE 2 REL TRGEE L-%, BOoNEEEL 7 mafRb-xd ) —/WREEIE TR LT
BRI EWY) 2-4 Z LR 83% (2.2 g, 4.0 mmol) TH7=,
'H-NMR (500 MHz, CDCL): & = 0.98 (3H, t, /=7.4 Hz), 1.48-1.52 (2H, m), 1.75-1.80 (2H, m), 2.47 (2H, t, /=8.6 Hz),
3.23-3.26 (2H, m), 3.97 (21, t, J=6.6 Hz), 6.93 (2H, d, J=9.2 Hz), 7.10 (2H, d, J=9.2 Hz), 7.38 (2H, d, J=8.6 Hz), 8.13
(2H, d, J=8.6 Hz) ppm.; IR (KBr disc.): vc.r= 1080 — 1284 cm™, ve—o= 1320 cm™, ve-c = 1596 ecm™, ve-0 = 1720 ecm™, v
1= 2960 cm™.; HRMS (ESI): m/z calcd for CasH21F1303S [M + H]" 649.1082 ; found 649.1083.
VLTI RBROFNETARL L 7[R D[R Efs R 2 ik 2,

Law 2-1)
"H-NMR (500 MHz, CDCls): § = 2.48 (2H, m) 3.26 —3.23 (2H, m), 3.82 (3H, 5), 6.93 (2H, d, /~9.2 Hz), 7.11 (2H, d, J=8.6
Hz),7.38 (2H, d, /~8.6 Hz), 8.13 (2H, d, J=8.6 Hz) ppm.; ATR-IR: ver = 10721280 cm™, vc—o = 1319 cm™"; vec = 1593
cm™, ve=0= 1735 cm™, ven = 2958 cm™'.; HRMS (EST): m/z caled for C22HisFi303S [M + H]* 607.0613, found 607.0614.

k& 2-2)
'H-NMR (500 MHz, CDCl): § = 1.42 (3H, t, J=7.2 Hz), 2.48 (2H, m), 3.22-3.26 (2H, m), 4.04 2H, q, /=7.1 Hz), 6.93
(2H, d, J=9.6 Hz), 7.11 (2H, d, J=9.6 Hz) 7.39 (2H, d, J=8.6 Hz), 8.13 (2H, d, J=8.6 Hz) ppm.; ATR-IR: vcr = 1076~
1288 cm™, ve—o = 1319 em™; ve=c = 1593 cm™, ve=0 = 1728 cm™, ven = 2981 cm™'.; HRMS (ESI): m/z caled for
C23H17F 13038 [M + H]* 621.0769, found 621.0772.

(L& 2-3)
"H-NMR (500 MHz, CDCls): § = 1.05 (3H, t, /=6.9 Hz), 1.82 (2H, td, /=14.0, 6.5 Hz), 2.48 (2H, m), 3.23-3.26 (2H, m),
3.93 (2H, t, J=6.6 Hz), 6.93 (2H, d, J/=8.6 Hz), 7.10 (2H, d, J=9.2 Hz), 7.38 (2H, d, J=8.0 Hz), 8.13 (2H, d, /=8.0 Hz)
ppm.; ATR-IR: ver= 1074-1288 cm™, vceo = 1319 em™, ve=c = 1595 em™, vc-0= 1728 cm™, ve-n= 2974 cm™.; HRMS
(ESI): m/z caled for C24H19F 1305S [M + H]" 635.0926 found 635.0928.

(k& 2-5)
'H-NMR (500 MHz, CDCL): & = 0.93 (3H, t, J=7.2 Hz), 1.36-1.48 (4H, m), 1.76-1.82 (2H, m), 2.47 (2H, m), 3.22-3.25
(H, m), 3.95 (2H, t, J=6.6 Hz), 6.92 (2H, d, /=6.9 Hz), 7.10 (2H, d, J=8.6 Hz), 7.38 (2H, d, /=8.6 Hz), 8.12 (2H, d, J =
6.9 Hz) ppm.; ATR-IR: ver=1026-1319 cm™, ve-o= 1365 cm™., v c-c= 1595 cm™, vc-0= 1728 ecm™}, veen=2935 cm™;
HRMS (ESI): m/z caled for C2sH2sF 1303S [M + H|" 663.1239, found 633.1237.
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L&) 2-6)
'H-NMR (500 MHz, CDCls): §=0.91 (3H, t, /~=6.9 Hz), 1.33-1.36 (4H, m), 1.44—1.50 (2H, m), 1.76—1.82 (2H, m), 2.42—
2.53 (2H, m), 3.23-3.26 (2H, m), 3.96 (2H, t, /=6.6 Hz), 6.93 (2H, d, /~9.2 Hz), 7.10 (2H, d, /~9.2 Hz), 7.38 (2H, d, /=8.6
Hz), 8.13 (2H, d, J=8.6 Hz) ppm.; IR (KBr disc.): vc-r= 1040-1300 cm™, veo= 1350 cm™!, ve=c= 1596 cm™', vc-0= 1730
cm™, veen= 2900 cm™!.; HRMS (ESI): m/z caled for C27H25F13038 [M + H]* 677.1395, found 677.1392.

k& 2-7)
'H-NMR (500 MHz, CDCls): 8 = 0.83 (3H, t, /=6.9 Hz), 1.23-1.32 (6H, m), 1.36—-1.42 (2H, m), 1.69-1.75 (2H, m), 2.40
(2H, m), 3.15-3.19 (2H, m), 3.89 (2H, t, /=6.6 Hz), 6.86 (2H, d, /~9.2 Hz), 7.03 (2H, d, /~9.2 Hz), 7.31 (2H, d, /=8.6 Hz),
8.06 (2H, d, /=8.6 Hz) ppm.; vcr= 1074—1288 cm™', vco= 1319 ecm™, ve-c= 1595 ecm™, vc-0= 1728 ecm™, vcu= 2922
cm~.; HRMS (ESI): m/z caled for C2sH27F1303S [M + H]* 691.1552, found 691.1552.

(& 2-8)
"H-NMR (500 MHz, CDClL): 8 = 0.89 (3H, t, J=7.2 Hz), 1.28-1.35 (12H, m), 1.45 (2H, q, J/=7.6 Hz), 1.76-1.81 (2H, m),
247 (2H, t, /=8.6 Hz), 3.23-3.26 (2H, m), 3.96 (2H, t, /=6.3 Hz), 6.93 (2H, d, J=9.2 Hz), 7.10 (2H, d, /=9.2 Hz), 7.38
(2H, d, J=8.6 Hz), 8.13 (2H, d, J=8.6 Hz) ppm; IR (KBr disc.): vc-r= 1080-1280 cm™, ve-o= 1300 cm™!, vc-c= 1596 cm~
Lve-o= 1724 ecm™, ven = 2950 em™..; HRMS (ESI): m/z caled for C2oHaoF 13038 [M + H]" 733.2021, found 733.2021.

L& 2-9)
'"H-NMR (500 MHz, CDCl3): 6 = 0.81 (3H, t, J=6.9 Hz), 1.21-1.29 (10H, m), 1.35-1.41 (2H, m), 1.68—1.74 (2H, m), 2.40
(2H, m), 3.15-3.18 (2H, m), 3.88 (2H, t, J/~6.6 Hz), 6.85 (2H, d, J=9.2 Hz), 7.03 (2H, d, J=6.9 Hz), 7.30 (2H, d, /=8.6 Hz),
8.05 (2H, d, J=8.6 Hz) ppm.; ATR-IR: vcr= 1074—1276 cm™, vc_o= 1319 cm™, ve—c= 1595 cm™, vc-o= 1726 cm™, vc-
1= 2920 cm™'.; HRMS (ESI): m/z calcd for C3oH31F1303S [M + H]" 719.1865, found 719.1862.

(bE¥ 2-10)
'H-NMR (500 MHz, CDCls): 6 = 0.89 (3H, t, J=7.2 Hz), 1.28-1.35 (12H, m), 1.45 (2H, q, J=7.6 Hz), 1.76-1.81 (2H, m),
2.47 (2H, t, J=8.6 Hz), 3.23-3.26 (2H, m), 3.96 (2H, t, /=6.3 Hz), 6.93 (2H, d, /=9.2 Hz), 7.10 (2H, d, /=9.2 Hz), 7.38
(2H, d, J=8.6 Hz), 8.13 (2H, d, J=8.6 Hz) ppm; IR (KBr disc.): vc_r= 1080-1280 cm™", vco= 1300 cm™', ve-c= 1596 cm~
! ve=0= 1724 ecm™, ve = 2950 cm™'; HRMS (ESI): m/z calcd for C31H33F 13038 [M + H]' 733.2021, found 733.2021.

(k& 2-11)
'H-NMR (500 MHz, CDCls): = 0.88 (3H, t, /=6.9 Hz), 1.27-1.38 (16H, m), 1.43—1.49 (2H, m), 1.76-1.82 (2H, m), 2.48
(2H, m), 3.23-3.26 (2H, m), 3.96 (2H, t, /~=6.6 Hz), 6.93 (2H, d, /~8.6 Hz), 7.10 (2H, d, /~8.6 Hz), 7.38 (2H, d, /=8.0 Hz),
8.13 (2H, d, J/=8.0 Hz) ppm.; ATR-IR: vcr= 1055-1290 cm™, ve-o= 1321 cm™, ve=c= 1595 em™, vc=0= 1730 cm™', v
1=2918 cm™.; HRMS (ESI): m/z caled for C32H35F1303S [M + H]" 747.2178, found 747.2177.

(L&Y 2-12)
'H-NMR (500 MHz, CDCl:): 8 = 0.81 (3H, t, J/=7.2 Hz), 1.20-1.28 (16H, m), 1.32-1.51 (2H, m), 1.71 (2H, t, J=7.4 Hz),
2.40 (2H, m), 3.16-3.19 (2H, m), 3.89 (2H, t, J=6.6 Hz), 6.86 (2H, d, /=9.2 Hz), 7.03 (2H, d /=9.2 Hz), 7.31 (2H, d, J=8.6
Hz), 8.06 (2H, d, /=8.6 Hz) ppm; IR (KBr disc.): ve-r= 1060 — 1290 cm™, vc-o= 1320 cm™, vc-c= 1596 cm™!, vc-0= 1720
em™, ven = 2920 em™!.; HRMS (ESI): m/z caled for Cs3H37F 13038 [M + H]" 761.2334, found 761.2332.
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1E5Y) 2-F (4’-(1H_1H 2H 2H-tridecaflurooctyl) 4-(1H_1H,2H 2 H-tridecaflurooctyl)thiobenzoate) 2 5/

(6]
0 .
1) SOCl,, A (45 min
CGF1302H4s©—/< ) 2 A ) p CsF1sCzH4S©—/<
OH 2) Compound A (0] SC,H,CeF 13

Toluene, Pyridine
A (4h) Compounds 2-F

Compound C

50 mL 7 A7 Z 2 2|24bE8 C (0.51 g, 1.0 mmol), (LT A =/L 10 mL Z /%721, 80 °C T 45 s/r[WMEF£E
UTme BUSHK T, BEREZITV, T2 bz 8mL &, LAY A (047 g 1.0 mmol) & ALY 20 (8
mL) R EZMZ T-1%. 80 °C T 4 efMEMRIE L=, ZD%, =R L —Z —Z AW TRERMEZ TV, R
LB )=V EMACRIESRY THHE Y DV UEREERE L, WBIIEE L%, BREEL T rrkL
LERWE DTNV T A a~w N7 57 0 —CTHEML TEREHKOLEY 2-F ZIE 95% (0.91 g, 0.95
mmol) 372,

M.p. = 134-135 °C; 'H-NMR (500 MHz, CDCl;): & = 2.29-2.46 (4H, m), 3.04-3.07 (2H, m), 3.18 (2H, t, J=5.4 Hz), 7.14
(2H, d, J=8.6 Hz), 7.32 (2H, d, J=8.6 Hz), 7.38 (2H, d, J=8.6 Hz), 8.06 (2H, d, /=8.6 Hz) ppm.; IR (KBr disc.): vc_r =
1090-1284 cm™, vco = 1283 cm™, ve-c = 1600 cm™, vc-o0 = 1720 cm™, veon = 2950 cm™.; HRMS (ESI): m/z calcd for
953.0098, found 953.0101.

(5% 3-n (4-(1H, 1H.2H 2 H-tridecafluoro) benzoyloxy 4-alkoxybenzoate D5k

HO; <:> S 1) SOCI, (A, 45 min) O@o
2n+1 o
& nf2ns 2) Compound E CeF13CH,0 )—<j>—oan2n+1
Toluene, Pyridine Io)

A (4h)
Compounds 3-n

bE¥ 3-4)
50 mL A7 T A 24L& C (0.15 g, 0.77 mmol), H{LF A=/ 10 mL 2% 7-%. 80 °C T 45 4y MIINE
L7, OGS TH., MEREZTV., ZZI2 b 8mL, LA E (037 g,0.77 mmol) & Kk 202 8
mL Z{RE L7C Ik Z N7, 80 °C T 4 BN L7z, £ O%K, =/ 3R b —F — 2 v TR &
TV, By ) — V22 CRIERY TH LYY DUBEREZRE L, Wl Lzg, 7 rafkrlb
— X ) — )VIRG S TR U CEARROAY) 3-4 2013 72% (0.36 g, 0.56 mmol) TTR7=,
'H-NMR (500 MHz, CDCls): & = 0.99 (3H, t, J=7.4 Hz), 1.52 (2H, q, /=7.4 Hz), 1.78-1.84 (2H, m), 2.58-2.66 (2H, m),
4.05 (2H, t, J=6.2 Hz), 4.64 (2H, t, J=6.6 Hz), 6.98 (2H, d, /=9.2 Hz), 7.30 (2H, d, J/=8.6 Hz), 8.01-8.14 (4H, m) ppm.;
ATR-IR: ver = 1010-1240 cm™, ve—o = 1260 cm™, ve=c = 1600 cm™, ve=0 = 1730 cm™, ve_nr = 2900 cm™.; The product
was a pure materials confirmed by HPLC instead of HRMS measurement.
LA R [RER O FIECTE L L7z [RIRIR ORISR R &2 fldl 2.

(ka9 3-3)
'H-NMR (500 MHz, CDCls): 8 = 1.08 (3H, t, /=7.4 Hz) 1.87 (2H, t, J/=7.2 Hz), 2.60-2.68 (2H, m), 4.03 (2H, t, /=6.6 Hz),
4.65 (2H, t, J=6.6 Hz), 6.99 (2H, d, J/=9.2 Hz), 7.32 (2H, d, J=8.6 Hz), 8.10-8.16 (4H, m)ppm.; ATR-IR: vc_r = 1010-1240
cem™, veeo = 1260 cm™, ve-c =1600 cm™, ve-0= 1730 cm™, ve-n =2900 cm™.; The product was a pure materials confirmed
by HPLC instead of HRMS measurement.

(L& 3-6)
IH-NMR (500 MHz, CDCL): § = 0.85 (3H, t, J=6.9 Hz), 1.27-1.32 (4H, m), 1.39-1.45 (2H, m), 1.73-1.78 (2H, m), 2.55
(2H, m), 3.98 (2H, t, J=6.6 Hz), 4.58 (2H, t, J=6.3 Hz), 6.91 (2H, d, /=9.2 Hz), 7.24 (2H, d, J=8.6 Hz), 8.03-8.08 (4H, m)
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ppm.; ATR-IR: ve_r = 1008-1236 cm™, vco = 1259 em™, ve=c = 1604 cm™, ve=0 = 1735 cm™, ver = 2918 em™.; The
product was a pure materials confirmed by HPLC instead of HRMS measurement.

& 3-7)
'H-NMR (500 MHz, CDCls): 8 = 0.90 (3H, t, /=6.9 Hz), 1.32—1.41 (6H, m), 1.45-1.51 (2H, m), 1.80-1.86 (2H, m), 2.58—
2.67 (2H, m), 4.05 (2H, t, J=6.6 Hz), 4.64 (2H, t, /=6.3 Hz), 6.98 (2H, d, J/=9.2 Hz), 7.31 (2H, d, J/~8.6 Hz), 8.10-8.15
(4H, m) ppm, ATR-IR: ver = 1007-1234 cm™, veo = 1257 em™, ve=c = 1605 em™, vc=0 = 1735 ecm™, ven = 2935 ecm™
The product was a pure materials confirmed by HPLC instead of HRMS measurement.

(&9 3-8)
'H-NMR (500 MHz, CDCL): & = 0.90 (3H, t, J=6.9 Hz), 1.29-1.38 (8H, m), 1.47 (2H, q, J=7.6 Hz), 1.80-1.85 (2H, m),
2.62 (2H, m), 4.05 (2H, t, J=6.6 Hz), 4.65 (2H, t, J=6.3 Hz), 6.98 (2H, d, J=9.2 Hz), 7.31 (2H, d, J=8.6 Hz), 8.11-8.15
(4H, m) ppm.; ATR-IR: ver= 1008 — 1234 em™, vc.o= 1259 em™, ve-c= 1604 cm™, ve-0= 1736 cm™, ve_n= 2924 cm™
L; The product was a pure materials confirmed by HPLC instead of HRMS measurement.

L& 3-9)
IH-NMR (500 MHz, CDCls): 5 = 0.88 (3H, t, J=6.9 Hz), 1.28—1.38 (10H, m), 1.44—1.50 (2H, m), 1.79-1.85 (2H, m), 2.62
(2H, m), 4.04 (2H, t, J=6.6 Hz), 4.64 (21, t, J=6.6 Hz), 6.97 (2H, d, /=9.2 Hz), 7.30 (2H, d, J=8.6 Hz), 8.10-8.14 (4H, m)
ppm, ATR-IR: ver = 1007-1234 em™, veo = 1265 cm™, ve-c = 1605 em™, vc-0 = 1732 em™, veon = 2920 cm™.; The
product was a pure materials confirmed by HPLC instead of HRMS measurement.

L& 3-10)
IH-NMR (500 MHz, CDCls): 5 = 0.82 (3H, t, J=6.9 Hz), 1.21-1.30 (12H, m), 1.38—1.44 (2H, m), 1.73—1.78 (2H, m), 2.56
(2H, m), 3.98 (2H, t, /=6.6 Hz), 4.57 (2H, t, J=6.6 Hz), 6.91 (2H, d, J=8.6 Hz), 7.23-7.27 (2H, m), 8.03-8.11 (4H, m)
ppm.; ATR-IR: ve—r = 1018-1203 cm™', vc.o= 1259 cm™, ve=c = 1605 em™, ve=0= 1736 cm™", ven= 2960 cm™; The
product was a pure materials confirmed by HPLC instead of HRMS measurement..

(fb&# 3-12)
"H-NMR (500 MHz, CDCls): 8 = 0.89 (3H, t, /=7.2 Hz), 1.24-1.38 (16H, m), 1.45-1.51 (2H, m), 1.80-1.86 (2H, m), 2.63
(2H, m), 4.05 (2H, t, J=6.6 Hz), 4.65 (2H, t, J=6.3 Hz), 6.99 (2H, d, J/=8.6 Hz), 7.32 (2H, d, /~9.2Hz), 8.10-8.16 (4H, m)
ppm.; ATR-IR: ve_r = 1008-1236 cm™', vc-o= 1259 cm™, ve=c = 1604 cm™, vc=0 = 1735 cm™', ven= 2918 cm™; The

product was a pure materials confirmed by HPLC instead of HRMS measurement.

A% 3-F (4’-(1H, 1H 2H 2 H-tridecafluoro)benzoyloxy 4-(1H,1H 2H, 2 H-tridecafluorooctyl)thiobenzoate £k

o] ) o
CeF1302H484®—< 1) SOCl, (A, 45 min) - >—©~O
OH 2) Compound E CeF15CoH,O C SCHCAF s

Compound C Toluene, Pyridine g
A (4h)

Compound 3-F

50 mL F A7 Z A2 Z{bEW C (0.52 g, 1.0 mmol), LT A4 =/L 10 mL Z Mz 7=1%. 80 °C T 45 sy EE#E
U7re BOSHKET#. BIERELITVL., 22 bl 8mL, {LAEWE (0.50 g, 1.0 mmol) & K'Y 272 § mL
FIRA LIIEREMZ =%, 80 °C T 4 BFfIMBMRIE L=, ZD%, =KL —& —% HWCTRITERMEZ1TV.,
BT ) — a2z CRIEBRH THIE Y DUEBELREL, WolER L%, BRELE LTI
RARNVLERWI Y BTN T A0 s 757 4 —THEL TEEHROMEY 3-F ZIT3R 67% (0.65 g,
0.67 mmol) T1H7=,
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'H-NMR (500 MHz, CDCl): & = 2.36-2.47 (2H, m), 2.51-2.61 (2H, m), 3.19 (2H, t, /=8.3 Hz), 4.58 (2H, t, J=6.3 Hz),
7.25 (2H, d, /=8.6 Hz), 7.33 (2H, d, /=8.6 Hz), 8.03-8.09 (4H, m) ppm.; ATR-IR: vc_r= 1078-1230 em™, vc_o = 1280~
1367 cm™, vean = 1608 cm™, ve=o= 1735 cm™.; HRMS (ESI): m/z calcd for C3oH1604F26S [M — H]~965.0276; found
965.0273.

1E51 4-n (2-Oxo-2H-chromen-6-vl 4-Alkoxvbenzoate) 2 5k

o)
0] 1) SOCI, (A, 45 min) CnHsz‘@_‘/(
CnH2n+1O’®_‘/<OH 2) 6-Hydroxycoumarin © °

Toluene, Pyridine — 2

A, 4h Compounds 4-n
Mol. Liq. Lig. Cryst. 2005, 439, 209.

BRI Ref [5]038 Y 12T~ 7=,

L% 5-n (2-Oxo-2 H-chromen-6-vl 4-alkoxybiphenyl-4’~carboxylate D558

(o]
I et ata
0720 EDC-HCI|, DMAP - &
OH DMF (0]
Stirred for 1 night at r.t. Compounds §-n =

Compounds I-n

e 5-3)
300mL A7 7 2 2 {bAE# 1-3 (1.50 g, 5.85 mmol), DMF 150 mL # AV CIEfiE S 7=, ZhiZ6-b Kk
7= U (095 g, 5.85 mmol), DMAP 0.1 g, EDC-HCI (1.24 g, 6.50 mmol) Z Mz, LB 7 LZEE DT T
FRTIBHRE L2, |BRTEHE L, HOoNEISEEMEZ, Mrm TR L, AHHEA MR
HR T Lc, GO AGMREZ >/ SR b — 2 —THRUERG L TR O EERZ, REREL LT
RNV LB VBTN AT LI av 8757 4 —THIEL TEAHROILEY 5-3 2 I 64% THT,
"H-NMR (500 MHz, CDCl:): = 1.00 (3H, t, J=7.4 Hz), 1.75-1.82 (2H, m), 3.92 (2H, t, J=6.6 Hz), 6.42 (1H, d, /=9.7 Hz),
6.94 (2H, d, J=8.6 Hz), 7.34 (3H, s), 7.53 (2H, d, J/=8.6 Hz), 7.64 (3H, d, J=9.2, 2.3 Hz), 8.16 (2H, d, J=8.6 Hz) ppm ;
ATR-IR: veo= 1240 cm™, ve=o0 = 1725 cm™, vc=0 in coumarin = 1750 em™, ven = 2900 cm™.; The product was a pure
materials confirmed by HPLC instead of HRMS measurement.
LA TFIZ[AER O FNETERL LT[R O [RER R 2 miid 2.

L& 5-4)
'H-NMR (500 MHz, CDCls): 6 = 0.90 (3H, t, /=6.3 Hz), 1.52-1.59 (2H, m), 1.82-1.89 (2H, m), 4.12 (2H, t, J=6.6 Hz),
6.48 (1H, d, J/=8.6 Hz), 6.93 (2H, d, /=8.9 Hz), 7.38 (3H, s), 7.52 (2H, d, J=8.9 Hz), 7.62 (3H, d, /=8.6 Hz), 8.13 (2H, d,
J=8.6 Hz) ppm.; IR (KBr disc.): vc-0= 1240 cm™, vc-0= 1728 em™!, v = 2936 cm™.; The product was a pure materials
confirmed by HPLC instead of HRMS measurement.

(kaw 5-5)
'H-NMR (500 MHz, CDCL): & = 0.88 (3H, t, J=7.2 Hz), 1.30-1.43 (4H, m), 1.73—1.78 (2H, m), 3.95 (2H, t, J=6.6 Hz),
6.41 (1H, d, /=9.7 Hz), 6.94 (2H, d, J=8.6 Hz), 7.33 (3H, s), 7.53 (2H, d, J=8.6 Hz), 7.63 (3H, d, J=8.9 Hz), 8.16 (2H, d,
J=8.0 Hz) ppm.; ATR-IR: vc-0= 1240 cm™, vc-0 = 1725 cm™, vc=0 in coumarin = 1750 em™, ver = 2900 em™.; The product

was a pure materials confirmed by HPLC instead of HRMS measurement.
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tE 5-6)
"H-NMR (500 MHz, CDCls): § = 0.92 (3H, t, J=7.0 Hz), 1.35-1.85 (8H, m), 4.02 (2H, t, J=6.5 Hz), 6.48 (1H, d, J/=10.0
Hz), 7.01 (2H, d, J=8.5 Hz), 7.40 (3H, s), 7.60 (2H., d, J=9.0 Hz), 7.71 (3H, d, J=8.0 Hz), 8.23 (2H, d, J=8.0 Hz) ppm.; IR

(KBrdisc.): ve-o= 1240 cm™, ve=0 = 1740cm™, v = 2930 cm™.; The product was a pure materials confirmed by HPLC
instead of HRMS measurement.

kaw 5-7)
'H-NMR (500 MHz, CDCl:): 8 = 0.90 (3H, t, /=6.9 Hz), 1.30-1.41 (6H, m), 1.45-1.51 (2H, m), 1.79-1.85 (2H, m), 4.02
(2H, t, J=6.6 Hz), 6.49 (1H, d, /=9.2 Hz), 7.01 (2H, d, /=8.6 Hz), 7.41 (3H, s), 7.60 (2H, d, /=8.6 Hz), 7.70-7.72 (3H, m),
8.23 (2H, d, J=8.0 Hz) ppm.; ATR-IR: vc—o= 1240 cm™, vc-0 = 1725 cm™, vc=0 in coumarin= 1750 cm™, verr = 2900 cm ™ ;
The product was a pure materials confirmed by HPLC instead of HRMS measurement.

(k& 5-8)
"H-NMR (500 MHz, CDCl5): & = 0.90 (3H, t, J=7.0 Hz), 1.30-1.85 (12H, m), 4.02 (2H, t, J=6.5 Hz), 6.49 (1H, d, J=9.6
Hz), 7.01 (2H, d, J=8.6 Hz), 7.41 (3H, s), 7.60 (2H, d, /=8.6 Hz), 7.71 (3H, d, J=8.6 Hz), 8.23 (2H, d, /=8.6 Hz) ppm.; IR
(KBr disc.): ve-o= 1250 cm™, vc-0 = 1740 cm™, vc_ = 2920 cm™.; The product was a pure materials confirmed by HPLC
instead of HRMS measurement.

La 5-9)
'"H-NMR (500 MHz, CDCl3): 6= 0.88 (3H, t, J=7.2 Hz), 1.28-1.36 (10H, m), 1.44—1.50 (2H, m), 1.78—1.84 (2H, m), 4.01
(2H, t, J=6.6 Hz), 6.48 (1H, d, /=9.2 Hz), 7.00 (2H, d, /=8.6 Hz), 7.40 (3H, s), 7.60 (2H, d, J/=8.6 Hz), 7.70 (3H, d, J=9.2
Hz), 8.22 (2H, d, J=8.6 Hz) ppm.; ATR-IR: vco= 1240 cm™, vc—o = 1725 cm™, vc=0 in counain = 1750 cm™, v = 2900
cm™.; The product was a pure materials confirmed by HPLC instead of HRMS measurement.

(k& 5-10)
'H-NMR (500 MHz, CDCls): = 0.88 (3H, t, J=6.8 Hz), 1.27-1.67 (16H, m), 2.67 (2H, t, J=7.5 Hz), 6.49 (1H, d, J=9.2
Hz), 7.31 (3H, d, /~8.0 Hz), 7.41 (3H, s), 7.59 (2H, d, J=8.0 Hz), 7.75 (2H, d, /=8.6 Hz), 8.25 (2H, d, /=8.0 Hz) ppm.; IR
(KBrdisc.): ve-o= 1240 cm™, vc=0= 1740 cm™, ve_n = 2920 cm™'; The product was a pure materials confirmed by HPLC
instead of HRMS measurement.

(b&# 5-11)
'H-NMR (500 MHz, CDCls): = 0.81 (3H, t, /~6.9 Hz), 1.20-1.30 (14H, m), 1.38-1.43 (2H, m), 1.72-1.77 (2H, m), 3.95
(2H, t, J=6.3 Hz), 6.42 (1H, d, J=9.7 Hz), 6.94 (2H, d, /=8.6 Hz), 7.34 (3H, s), 7.53 (2H, d, J/=8.6 Hz), 7.64 (3H, d, J=8.6
Hz), 8.16 (2H, d, J=8.0 Hz) ppm.; ATR-IR: vco= 1240 cm™, vc=0 = 1725 em™, vc=0 in coumarin = 1750 cm™, ve_n = 2900
cm™.; The product was a pure materials confirmed by HPLC instead of HRMS measurement.

(L&Y 5-12)
'H-NMR (500 MHz, CDCls): 6 =0.88 (3H, t, /=7.0 Hz), 1.27-1.83 (20H, m), 4.02 (2H, t, J=6.3 Hz), 6.49 (1H, d, J=9.2
Hz), 7.01 (2H, d, J/=8.0Hz), 7.41 (3H, s), 7.60 (2H, d, /=8.6 Hz), 7.71 (3H, d, J=8.0 Hz), 8.23 (2H, d, /=8.0 Hz) ppm.; IR
(KBr disc.): ve-o= 1250 cm™, vc-0 = 1740 cm™, ve_i = 2920 cm™.; The product was a pure materials confirmed by HPLC

instead of HRMS measurement.
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CeF1aCaHal
HSOOH S e CGF1302H4SQOH
K,COq

3-Pentanone

Compound A
Refluxed for 3days

Chem. Lett. 2015, 44, 512.

HO:, C - 1) SOCI,, A (45 min) CGF1302H4SOO
& n2n+1 2) Compound A i @OCnH2n+1

Toluene, Pyridine o
A (4h)

Compounds 1-n

Scheme 2-2-2-1. Synthetic scheme of compounds 1-n.

Hs o CeF13C2Hql CF LGS 0 10N NaOH then 12N HOI . o o
—_————— >
OMe KoCO4 GHaMat MeOH 6F13C2Hy

OMe OH
3-Pentanone Refluxed for 2h

Compound B ; o Compound C
Refluxed for 3days Yield 86%, m.p. = 60-62 °C then stirred for 1h at 0 °C Yield 86%, m.p. = 161-163 °C

(0]

1) SOCl,, A (45 min) _ CeF1302H4S~©—/(

2) 4-Alkoxyphenol OOOCnHZnH
Toluene, Pyridine

A (4h) Compounds 2-n

O
S O 1)SOC, A (45 min) _ CGF1302H4s©—-/{
62T ( ) i 2) Compound A - OOSCQH4CGF13

Cly Toluene, Pyridine
Compound C A (4h) Compound 2-F
Yield 55%, m.p. = 134-135 °C
Scheme 2-2-2-2. Synthetic scheme of compounds 2-n and 2-F.
(@) (0] (@)
BnB N NaOH then 12N HCI
2CO;
MeO 3-Pentanone MeOC 4 Refluxed for 2h HO
Refluxed for 3 days ompoun then stirred for that 0 °C Compound E
Y®" Yield 78%, m.p. = 108-110 °C Yield 72%, m.p. = 193-195 °C
(0] (0]
OBn OH
CeF1aC2H,0H >—® : @
EI;C1|3-|CZI I;MAP > G THl2 s Ef(/)(l:-l e e
" DMF Compound F QIUENS; Vield 775 Compound G "
Stirred for 1 night at r.t. Yield 44%, m.p. = 60-61 °C eld 7%, m.p. = 109-110
HO 1)SOCl, A (45min) Q o
OCrHan,1 a
(0] 2) Compound G CgF13CoH40 OCrHany1
Toluene, Pyridine 9
A (4h)
Compounds 3-n
HO

SCH,CoFyy 1)SOCk: A (45 min)

O,
2) Compound G CgF13CoH,0 @SC2H406F13
o

0

Compound C Toluene, Pyridine
A (4h)
Compound 3-F
Yield 67%, Cryst 124 °C (SmA 113 °C) Iso

Scheme 2-2-2-3. Synthetic scheme of compounds 3-n and 3-F.
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O

OH 2) 6-Hydroxycoumarin
Toluene, Pyridine
A, 4h Compounds 4-n
Mol. Liq. Lig. Cryst. 2005, 439, 209.

o] 1) SOCI; (4, 45 min) CnHsz‘@—‘(

Scheme 2-2-2-3. Synthetic scheme of compounds 4-n.

o CrHan+1Br 0 8N NaOH then 12N HCI
HO T con CrH2n+10O
OMe 2CO3 OMe EtOH

3-Pentanone

Refluxed for 1 day
Refluxed for 3 days

C ds H-
ompeuries.Hn then stirred for 2h at 0 °C

o]
6-Hydroxycoumarin CnHZnMO
e}

EDC-HCI, DMAP
DMF

Stirred for 1 night at r.t. Compounds 5-n

Scheme 2-2-2-4. Synthetic scheme of compounds 5-n.

[e]
OH

Compounds I-n
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2.3. 7RI E
KEITTIXAER LTIAb &N 2 A8 3T 568 TH 5 12 Bt OB S s B L 72 RIS\ R T,

ET. BT v REEERT == VR NMEAITH HIEM 1, 2, 312DV THET ., DSCHRIEN LAY 1-1 -
1-8, 2-1-2-6, 3-1 -3-12IZBNT, MEAT ot X LmAI7T o 2AOWE TR ((LEW3-3 - 3-101X=4)
OB — 27 R LT, —F7 T, {BLAW 1-9,1-11,1-12 (LA 2-7,2-8. (LAY 3-F TIIMEAT 1 & 2 Tl
— RO — 7 OB ZHBE L7=0, HH7 0t 2T RO —7 2R LT, Zh S OMEEBIREN
T POM BlEETo7c & 2 A, HIEILZT=F > F A4 brE > (enantiotropic) -85 T, H%&FITE/ brE v s
(monotropic) 5 T St 2 S5 MERIRH ) DSORGB EEI 2 /R LT-, Z 2T, DSC THH L7k
EERT T POMBIEE1T o728 2 A, LA 1n, 2-n B L 3-n 1 ZREERICAR T D=7 ARLmEBREE T TR
H73 focal conic fan texture 23R CTE 7=, — T, R"AA Iy Z7HAERE T TR CThH-72, Zh b
HIEH UL SmA M EFE L7z, £72, 3-n i SmA FARBRE N LHHIT S L AREY =7 ARLHBREE
T T broken fan-shaped texture 75, —# TIZFETVERIAMEN BMEIT 5 L AT =7 ARLAERE T T focal conic
fan texture R AF MRy JERERE F Ty 2 U — LV UMEBHER &2, ZhublE SmC M EFE LT,
—7 T, LAY 2-F IZOWTIHRLR O R SITER U CTREMHEPHER CE 2o Te, Fo, (AW I-FIZoW\T
VG ERERAEI HWEIT 5 & RT =7 AR ABEE T T focal conic fan texture 3R CT&, ™AL by
7 FEMBREE N TR HEF Ch oo, T2 bk SmA FHEFE Lz, {LEaW 1-8, 2-8, 3-8, 3-F O{mIEHMK
$EElE5 H % Figure 2-3-1 1R L, {LAW 1-n, 2-n, 2-F. 3-n. 3-F OHEBIEE R L OHIEBIEE L Table 2-
3-1WCR T, X HIC, R FEEIICKTT ISR E ORR % Figure 2-3-2 1787,

Figure 2-3-1. POM images of compounds (a) 1-8 (90 °C on a cooling process), (b) 2-8 (100 °C on a cooling process), (c)
3-8 (117 °C on a cooling process), (d) 3-8 (128 °C on a cooling process), and (e) 3-F (116 °C on a cooling process).
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Table 2-3-1. Phase transition temperatures and their latent heats of compounds 1-n, 2-n, 2-F, 3-n,
and 3-F in a bulk state. "

Latent heat
Compounds Phase transition temperatures / °C AHmp  AHsmc-sma  AHsma-1so
/kJmol™" /kImol" /kJmol™
1-1 Cryst 97 (SmA 86) Iso 53.3 — 54
1-2 Cryst 87 SmA 111 Iso 31.0 - 8.0
1-3 Cryst 91 SmA 105 Iso 28.1 - 8.5
1-4 Cryst 96 SmA 108 Iso 21.1 - 8.1
1-5 Cryst 97 SmA 99 Iso 39.1 - (8.6)
1-6 Cryst 96 SmA 102 Iso 30.2 - 8.7
1-7 Cryst 94 (SmA 94) Iso 41.1 - 9.5)
1-8 Cryst 79 SmA 95 Iso 26.7 - 11.6
1-9 Cryst 92 (SmA 90) Iso 47.7 - (12.2)
1-10 Cryst 87 Iso 52.5 - -
1-11 Cryst 94 (SmA 85) Iso 50.9 - (11.0)
1-12 Cryst 85 (SmA 78) Iso 28.9 — (9.7)
2-1 Cryst 112 SmA 117 Iso 429 - (7.3)
2-2 Cryst 120 SmA 129 Iso 38.7 - 7.1
2-3 Cryst 121 (SmA 110) Iso 43.0 - 4.8)
2-4 Cryst 106 SmA 116 Iso 31.6 - 9.0
2-5 Cryst 108 SmA 111 Iso 39.9 - 84
2-6 Cryst 104 SmA 110 Iso 28.8 - 8.7
2-7 Cryst 107 (SmA 104) Iso 38.8 - (7.9)
2-8 Cryst 103 (SmA 103) Iso 38.6 = (10.0)
2-9 Cryst 109 (SmA 100) Iso 55.0 - N.D.
2-10 Cryst 106 (SmA 98) Iso 66.9 - N.D.
2-11 Cryst 107 Iso 56.5 - 3
2-12 Cryst 108 Tso 61.0 - —
2-F Cryst 133 Iso 49.2 — —
3-3 Cryst 113 SmA 146 Tso
349 Cryst 104 SmA 151 Iso
3-69 Cryst 83 SmC 109 SmA 141 Iso 30.5 0.1 9.4
3-79 Cryst 89 SmC 119 SmA 135 Iso 29.8 0.1 8.9
3-89 Cryst 86 SmC 122 SmA 131 Iso 28.1 0.2 8.8
3-99 Cryst 84 SmC 114 SmA 120 Iso 29.5 0.3 8.4
3-10% Cryst 82 SmC 109 SmA 113 Iso 27.5 0.2 8.8
3-119 Cryst 89 SmC 114 Iso 35.6 10.1 -
3-12% Cryst 85 SmC 108 Iso 16.4 10.6 -
3-F Cryst 124 (SmA 117) Iso 30.5 — (3.0)

1) Cryst, SmC, SmA, and Iso indicate crystal, smectic C, smectic A, and isotropic liquid phases,
respectively. N.D. indicates non-detectable peaks in DSC. Parentheses indicate a monotropic
transition (phase transition on a supercooling state). 2) Cited from [6]. 3) Cited from ref [7].

39



F2F  REBWET = = VRT MR OERE KO TERTAE
160 160
(a) (b)

140 140 |
O O Iso
2120 | T 0120 Y)

b, <
§100 [ E- 100
£ !f - g
= e
SmA
80 ey 80 Cryst
60 1 1 1 1 1 1 1 1 1 1 60 L L 1 1 1 1 1 1 1 1

1 234567 89101112

12345678 9101112
Carbon number (n)

Carbon number (n)

160

@};ﬂ
40 | °

120

100

Temperature / °C

80

Cryst
60 1 1 1 1 1 1 1 1 1 1

1234567 89101112
Carbon number (n)

Figure 2-3-2. The plot of phase transition temperatures in a bulk state against a carbon number of the terminal alkyl

chain for (a) compounds 1-n, (b) 2-n, and (c¢) 3-n. Open-marks indicate the transition temperatures detected on a cooling

process in DSC.

EE 1n, 2-n, 3-nIZBWT, K7 /L F/LEHOMEIZEV SmA-Tso FHEAREL2ME T Lz, ZAU,
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34 kI mol™ & IEF I/ SVEEZ RTOIZK L, (LA 1-n, 2-n, 3-n TIX8-10kImol! TH o7z, Tk, 7
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ZZTC, LB 1n & 20 ZHEE (DFED, = XATAEKOERMGROEN) $5E, (LAY 1n 1T
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T, BRBTE—A L MRS 5 & R/iTE IR & FATHRIC 6.25 Debye, BREIZZ VA RT L LEL
SEATH AT 2.22 Debye Th 5 Z & % DFT atRIC L - THZ, KEEICHEWT, MilE— A MOFERES
PEWZDR NS, (LA In DI, BEREGFUENRENE VAL Z L6, EHE LTOMEE 2 FHR L0
O INLDOBENEL N EREINS,

40



2w REHRMBET == VRT AR O G RIS K ORI
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3-n) T DL, AIENFAZ—T VI L AHE Tl (hypervalent) X°H H[AIHA[ERE 0D /N & S IR L C
BHE LY SmAMOBEZEMEMET L LRI,

WIZ, B~ ) CRRBERT = = VBT MERITH DILEH 4n BELD 5-n ([ZHOWTERT, 1LEH 53 ©
DSC ZoHTIZ K 0 | WMIEMERIZ 166 °C (AH=26.5 kI mol™"), 267 °C (AH=0.7 kI mol™) 0 2 KOWEE— 7 N 5
oo TOLEOBHEREZ POM TR LA, REV=T ABRB F Ty a2l — L Ui LAk A 4
Fr By ZEA N TR Chote, TN OIEFERE LRSS N EFRE L, YLTFRBRI(EEY 5-4 -
5-0 TIINMHOREEZME L, LAWY 5-8-5-12 TIL SmAHORERZHR L=, Zhix, T3 LEHEOMHE
WL D IFEEFNFIRS NS 720, NFHTIEZ2< SmA HRFEB LT WGt Lz Z R STz,
F iz, A & OBE EMEIIIIC T VX VEOM RIS TRAT 2 2 LR Lz, Zhid, 7v
VDRI > TERMAEFHERHE KT 5 2 & THREEDI RN RE L2 | BEmOKRFERHRDZ &R
TEXRWEDRE LTINS, BETZEHRIV DMROFRREN 2R LE, ZhiX, BHRENS
WA D FE S EIEEE LY b FRAPRES BN LEZZ LICLD2bDThHLIBRE IS, £
7o AHna & AHsma B LTZ & & BIE OIS WV CH o2, Zhud, NHEB—RITH MBI O AREE
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Figure 2-3-2. The plot of phase transition temperatures in a bulk state against a carbon number of the terminal alkyl
chain for (a) compounds 4-n and (b) 5-n. Open-marks indicate the transition temperatures detected on a cooling process

in DSC.
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Table 2-2-2. Phase transition temperatures and their latent heats of compounds 4-n and 5-n in a bulk state. "
Latent heats / kJ mol™

Compounds Phase transition temperatures / °C Awy  AHswan Al
4-32 Cryst 102 (N 75) Iso 31.0 — (N.D.)
4-42 Cryst 98 (N 78) Iso 17.9 — 0.2)
4-5% Cryst 88 (N 78) Iso 21.6 — (N.D.)
4-62 Cryst 96 [N 80] Iso 24.6 — —
4-7% Cryst 102 [N 84] Iso 24.1 — —
4-82 Cryst 105 [N 88] Iso 27.1 — —
4-92 Cryst 104 (SmA 84) Iso 27.5 (N.D.) —
4-10? Cryst 106 (SmA 95) Iso 28.0 (0.9) —
4-11% Cryst 107 (SmA 102) Iso 24.1 (0.1) —
4-12? Cryst 108 (SmA 107) Iso 324  (N.D) —
5-3 Cryst 166 N 267 Iso 26.5 - 0.7
5-4 Cryst 163 N 263 Iso 23.8 — 0.7
552 Cryst 155 N 249 Iso 234 = 0.4
5-62 Cryst 149 N 240 Iso 24.2 = 0.4
5-7% Cryst 154 N 235 Iso 22.9 — 0.7
5-82 Cryst 151 SmA 208 N 232 Iso 28.7 0.1 0.9
5-9 Cryst 145 SmA 219 N 226 Iso 28.6 0.3 0.5
5-10 Cryst 126 SmA 206 Iso 27.2 4.5 —
5-11 Cryst 133 SmA 225 Iso 31.1 2.9 —
5-12 Cryst 121 SmA 228 Iso 17.7 4.5 —

1) Cryst, SmA, N, and Iso indicate crystal, smectic A, nematic and isotropic liquid phases, respectively.
N.D. indicates non-detectable peaks in DSC. Parentheses and brackets indicate a monotropic and a virtual
transition temperatures, respectively. 2) Cited from ref [5].

42



FH2E  BREEMRT == VRT AL OGRKIS KON MERHEN

24. TIALRIOWREIREERFRRIC BT 5 B it E O HE
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Figure 2-4-1-1. ATR/VT-IR spectra of (a) compounds 1-8, (b) 2-8, (c) 3-8, and (d) 3-F in a bulk state near phase transition

temperatures.
LB 1-8 12831F D ATR/VT-IR A7 hunh | ZEREHE T = =)V AT )VHED C-C HHEHREN (v in pr-

cco) &, HFHREBET N axUCERT S C-O [HHEHRE) (veror)?d SmA FHFRBIRFIZHA L TWAH Z & &R L
7o —J T, LA 2-8 128V Tldvenor & 704 1 7L )LEEH D C-F MFEIRE) (ver)?)S SmA FEFEBIERIC
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HRLTWAZ L 2R L, (LAW2-8 Tk, 74 TS LENENT 5 HEICEBESHZZ &2k
HHRFE— A FEAERTRICE SN Z LI X Dver BEKR LT ETRBEINDE, 20O, {LEY 2-8 1%
lamella-like SmAGHFE F721% SmAFHEFBL LT L F 2 58, \bLEW 1-8 [T DOWTIE, ver 1X SmA FERTIRFICE
I, 7473V 8 M bIicBS L Tnant 525, —FH T, Vehor & Ve-cinph-ci=0) 3 TH 2
Li=Z &5, SmA HHESROBHEEIL tn A% v X I LD HOHMBME TR LIZ L RB SN D, F0k
». b5 1-8 13 monolayer-like SmAFH = FEL L7-BIL 5 2 5,

62, LAWY 3-8 12OV T, SmC B XL SmA FHEBKHIZHB W Tver B LB EE R KD C-C MifERE)
(ve-cinpn) DI & BHEBRUTEE O = 27 )V EEH R D C=0 MfEHEE) (ve-omm) D7 &R L1z, L&Y 3-8 D
FIRTO veoonpn ICBWT, 1716 em ' B 7 A A R T AFLEMOT 2T VEREO LD, 1735 em ! HREF
A7 == VT AT NVHRD LD TH2 Z L3 DFT GHENOIRE Lz, T HD AT MUIZRBWTHIE D &
WA~ 7 bk (blue-shifted) L. & DMEIEAM~ 7 & (red-shifted) L7=, Z 15 DNESLFHIEBIEIZ —A D

Tr—RNe—7ELTENE, INHDOZATNVERENENETFEZEZIT> TWAHAREEREZE L LN,
ZZT, SmC HIZEWT, BRI CFMICESESREE LTEZLNLN, o0 EX LZREETSH
T-RET D VIR CTHEBLT S SmCaflh SmC fHO—2 L LTEXLN TS, LER-T, {LEW
3-8 1% SmCAFHBIC & % FIERMEDS RIE S 4L D .
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Figure 2-4-2-1. ATR/VT-IR spectra of (a) compounds 5-8 and (b) 5-9 in a bulk state near phase transition temperatures.
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B 7 FLT—ERKOTr—Re—2 L LTEHNE, ZhiE, 7<=V VARICBBICEEL: n EFRE 7 =
=L~ E SN2 ENG INVRE=NVBREDOBTFHEGNE (OFE VIR VRFEOETF RSN 2
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Fi2, LAY 5-8 1B W TRIR T 1624 em™ (2B 7 = U L EHEHSR O C-C HAFHRED (Vo-c in coumarin) 23 R T
%ﬁ%ﬁﬁ@m@y7F&7D~Fk%%ﬁbto1ﬂﬁ\77)/ﬁ%m$@n BT BMhosy & OFE
RZCHEICRDZENTREND, ZHICKY, I~ Y VERICED mn RS XU IR RBEND, —
ﬁf\m%WSQ:gwfﬁ%@ﬁ%mﬁﬁf%&mot:km%\mﬂx&y#yﬁfm&<\ﬂ@%—ﬂ
BFHEEHATHD LHEE L, n<10 2B THar IR H Sl EREOEWVIC L > TAEL S Z EAVRIR S
nd,

25. /&

ARETE, KIS LREERT = =V AT V%, WEEEEC VA T AR VEETIE7 <) EE
EERL T v X EORFHPRRDRABRAEZ G, IO OEBOMIIEL ATR/VTIR & V7oA
TERRHT 24T > 72,

4-(1H,1 H2H,2 H-tridecafluorooctyl)thiophenol & %t)ix3" % 4-alkoxybenzoic acids % HHFEFE & L7AALAEW 1n &
INHIEEND T AT I)VEOER PG BKER LT ALEY 2-n 2T 2L, EH6H SmA FHAFEIL L7208,
INOOREMITAIEOFNREN-T, Thiuk, DFT §HHICE DB FE— 2 OHETEN D= AT VE
DEERHAZE > TREL ZERD, ZHhITERT 5FERETENMEEY 1n DT RRENTZDEHEEL
koik\kA%Ln$@%ﬁi~%w%%Ix?w% B L 72 {tAH) 3-n TiE SmA H O SmC #1 b %
BL, REEOLEMITMEW 1n LY RENoT2, FAT—FT )VEHROBE T/ S 72 B W el ERfEEE 7
%Eﬁ%gﬁﬁﬁ‘ﬁﬁi fluoroalkyl carboxylate 2 ¥ fluoroalkylthio ZxD T 73/ < FELF 5 Z L IZEK T 25 & H#iE
L7z, 5612, LAY 1-8 (or 2-8)F L TUMLEY 3-8 125 £41 5 octyloxy 2% 1H,1H,2H,2 H-tridecafluorooctylthio

BE L7 (0FV, TAraxEo—Mae 7 v# L) (LAWY 2-F i LU 3-F Clk, Al RS IED
FATET, H%FIT monotropic SmA tHO A FEEL LT, @AO EFICERK L TREENZ L RoTe & F 2 5,
MAT, ATR/VT-IR IZ K SHEMNT 25 (LAY 1-n LALEY 3-n OFAIREETO B S mr X 7 v 3%
VIHETHELEHEL, LAY 2n DFNITB TNV A T AHFICERT S EHEE L, 2, LAY Sl
OWNTHE, BEBRICEY mn 2 v ¥ 27 LT —BRBFHEAEROWTND (£723WH) 1I2k->T
H O LN Z 2 LHEE L,
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B FALEME T2 S NVTERRIZ W T, ZIRTCHIEE TH L 7 I BIZ =R TSy F 7 Th Dbt
BROWLZEREL LTEMTONTVWS, ZORNT, WREZRTES TFEGE 7 U BRIV T, A
AT F o ZHRED ZIRICF AN T A L7 X —% b0 Linh, REaREBICE T 2 B CARR UGS & 7V iRiE
FCOH CHEBEEDBENE RS Z &I LY | REMEE BB T 2ES FEABRS ALANZ T 2% TR
(IR DR B D,

ZIT, AREEWICB T HREERIT THW LS S X & ENT  (Single-crystal X-ray structural
analysis) Cl&, AHIALH CHEMZAERL, NI X BARKF L TR ONIEAXY ML EITT2 2 &1
LoT, HERTTORTOUAA NI —%2 RN TED, L, BEREHD &V IITAIIES T
FLOREICBO TR BETELIARWY) BRTHLZD, ZOFEeAERINV~ENT S 2 LR
ARETH D,

ZORINT, DI T, TR 20 A LEOR/ A7 —r 2R 5720i, BEHrAH 100 LT T
BB/ X BRETEE LRI THLESHE (Semi-empirical molecular orbital calculation) Z #0757 1%
ERHTBRE STV B8, REEEIX D TRERIC L > TRET ZHEETH D720, /M XBETFHLES
NHDTFEAETORFEINE D TFPEFHRELLELNDL —A T ORIKRSCHmIEZBEGDE L2 LICE-T
HATOMEPERT L L THRONDIATERAROMENRKIRTE DL L SR TWVD, 22T Alkyl 4-2-
perfluorooctyl)ethoxybenzoate homologs (Figure 3-1-1)% F 7= 5eA THIIZ DU Cor gl

0
CBFHCZH4O—4<::3>—4€
OCnH2n+1

Figure 3-1-1. Chemical structure of Alkyl 4-(2-perfluorooctyl)ethoxybenzoates

E 3. Methyl homologs (n = DIZOWT, £/ her bty 7B T SmAFHZ R L (Cryst 86 (SmA 84) Iso/°C).

SmAFHFBURFIZ 1T 2 X7 1 7 7 A i b JERIEEREC 3t 3 2 iRl (Layer spacing; d) (£30.0 A Toh -7z,

F 7. Semi-empirical {£ TR 7255 75 (Molecular length; /)i 22.1 A L7272, ZZmb, d& IDZEMI-DE
dé IOl (=d/ ) IXENFNTIA, 136 RO LI, %E DD Methyl 4-(2-perfluorooctyl)ethoxybenzoate 73
SmAdHHTHD LHETE D, —H T, BIELT TIEIE A = OBABEZEZOND Z b, ZIhbT IV
XILHE 2R S8 T < & butyl homolog (1 =4)E TTIXd NI —ETHH-7T=, 2D EH 5, Figure 3-1-
2 @ICRT XD T VR N ERE S ICHE L TS Bt 7ud L EIc G N KO 2R ERE &
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Figure 3-1-2. Possible molecular arrangements in smectic A phases for (a) methyl 4-(2-perfluorooctyl)ethoxybenzoate
and (b) dodecyl 4-(2-perfluorooctyl)ethoxybenzoate. The molecular lengths for the most stable conformations were

obtained by an AM1 method (MOPAC ver. 6.0). Cited from [1].

HEHEESN TS, F72, hexyl — decyl homologs (6 < n < 10)Tld SmA FHOREANFER T X220, S 51T,
B/ MREYZ SmAHAEOHE TE 5RIEIARTH 5 Dodecyl 4-(2-perfluorooctyl)ethoxybenzoate 1ZF51 T,
EHFENEN 605 A, 352 A ThoTe, diFIO26550 10 A/hE<, ZOMEIFZT VAR T T VRITHEY
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L2 L, Semi-empirical 13NV b =7 v OFHRIC L E R M2 B RS ERIIT L 2 H WS 70, &
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(Density functional theory: DFT) FHE % W2 Z L3 FHE & 72> T\ D, ab initio % TlX, Schrodinger 2
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#LE BT 5 Cd 5 Schrodinger FTER & E i 72 5 T # 2B 75 Kohn-Sham SRR ZME Z L I2 X > ToH
TOTHA NI —ZWRELTCND, FHREREX ab initio 121352 L OO, JEMEZ 72 2B B = R L ¥ —
DR BTEEOIEKE LTRIVHW., FRTFOBEBTTRLF TR ZEEOBTF TR L —%2KD
HZEWEVHEAY—RERDZZENTEAE, UL, HHT S (AR HEKICXL > T, 3k
MEAHERAEEHORBLYBHELWI L LWV BEERE T L7720, AT 2NEEITITMLOER 21
IR H L, — RN &5 B3LYP Tl van der Waals fRAER N EE 2R H 4 LR TIIased 2 23,
MO6 ZTILZNEZE STV D,

KRETIE, ARDFITNRARA T F o 7 RS ORISR 2 A7 NV ~EH 5 Z LS WRETH D E it L.
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3.2.1. K

PIEWCHER LR, v 7 ~=T7 0 KUy Fat, b TERSH, Baba TEFRSH,
FThIAT AR, BT 4 L LA TER S ORI 2T 5 2 & EM LT,
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<HE#RLIZ,
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sin @ (m=1,2,3,..)] \ZRATDZLicky ., JBRERREC RS 2 mEERE (Layer spacing; )& 37z, £72. &
T-EOMEICITIEE L4 (Density functional theory; DFT) #1#L1X Gaussian 16 A L. 2 #aAHBHIALEY
BIZITB3LYP &, FJEBIEICIL 6-311G(d) & &R U THREREL ATV, £ OB OREIFHE - L 0 FREIKEET
Ho EORBESFELRY) T &2l L, MRy + o = KooHE#m Y 7 M3 GaussView 6.1
PR L7, Z4vae W T 1 (Molecular length: )& FH L 7=,

4 —wtH 3% (Ultraviolet—visible absorption; UV-Vis) A7 kL3RSt BEEERT L 0 UV-2450 %
H L7=. E/Li GL Sciences Inc. Japan . S10S-SQ-10 (Cat. No.:621021026) % H L 7=,

R UV-Vis 247 ML B X OE FEOBRHIZ AW 2B (Time-dependent) DFT FH5 1%, Ak L7=
B3LYP/6-311G(d) L~ /b THEIE Feali b &2 AT - 72 18 I MR B B2 IC CAM-B3LYP %, JJEBIEICIT 6-
311GH(d, p) BN L C— it R 21T 7,

3.3. HAHAEEET TO sV {kEE
33.1. E7 vRERERT = =V RTIVACANCE T D RARZ AR EE

L&Y 1, 2 BLD 3 2B 27 NALRERBOERDO—>TH D BIK 7 ALBEEREOFE R % Table 3-3-1-
1~Table 3-3-1-3 IZZNEIURT,

Table 3-3-1-1. Gelation tests and critical gel concentration for compounds 1-n in each organic solvent.
Compounds, (Concentration / wi%) !
1-3 1-4 1-5 1-6 1-7 1-8 1-9 1-10 1-11 1-12
n-Octane S (5.0)0 P(5.0) S(5.0)0 S(G.0) SGBG.0) SG.0) SG.O) SBG.0) SG.0) SG.O
_Toluene S(5.0)_S(5.0)_S(5.0) S(5.0)_S(5.0)_S(50)_S(50) S(50)_S(50) S(5.0)
Ethanol G(5.0) G@3B.0) G@B.0) GH0 G@BO G@BO GBO) GHO GRO G0
1-Octanol_S(5.0)_S(5.0)_G(3.0) GG.0) GEA0)_ GG _G(R0). GA0) G(20) G0
AN 2 G20 PGB0 GGO GGO GHO GBO GBO GEBRO G0 GO
PC?® G20 GRO GRO GRO GRO GEBO G@OYYH GRO GO GU.0o
1) G, S, P and parenthesis indicate gel, sol, precipitate, and additive amount (wt%), respectively.
2) Dimethyl sulfoxide, 3) Propylene carbonate.

Solvents

Table 3-3-1-2. Gelation tests and critical gel concentration for compounds 2-n and 2-F in each organic solvent.
Compounds, (Concentration / wt%) !
2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-11 2-12 2-F
n-Octane S (5.0) G(5.0) S(G.0) G@B.O) SG.0O G0 G@BO G0 SGO GUH.0 GH.0
_Toluene S(5.0) _S(5.0) S(50) S(5.0) S(.0)_S(5.0) SG0) S50 S(G0) SG0) S(G.0)
Ethanol S (.0) G#.0) SG.0) G20 G(@©9 G(@0.8) G20 G@O4) G@B.O G099 1.0
1-Octanol G (3.0) S(5.0) S(.0)_G(G.0)_G(0.9 G(09) GR0) G(04) GR0) G(04) G(3.0)
AN? SG5.0 GH0 GH0 GERO SBO G@O6) GRO GO4 GEBO G@O5 G0
PC¥ SG.0) GRO GGO G@O6) GRO G@O3) SBGOYH GO3) GHE0 G033 GH.0
1) G, S, and parenthesis indicate gel, sol, and additive amount (wt%), respectively.
2) Acetonitrile, 3) Propylene carbonate.

Solvents
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-3.

Table 3-3-1-3. Gelation tests and critical gel concentration for compounds 3-n and 3-F in each organic solvent.
Solvents Compounds, (Concentration / wt%) "
3-3 34 3-6 3-7 3-8 3-9 3-10 3-12 3-F
n-Octane S (5.0) S (5.0) G (5.0 G (4.0) G (4.0) P (5.0) P(5.0) G (4.0) G (2.0)
__Toluene [T s I JEOM 1 SGO) SGO) 8GO
Ethanol P(5.0) G (5.0) G (4.0) G (1.0) G (4.0)
1-Octanol L GEO L. G@3) . G(BO)  GQRO  G(5.0)
AN? P (5.0) G (5.0) G (3.0 G (1.0) G (2.0)

PC ¥ S (5.0) G 4.0 G (2.0 G(1.0) G (1.0) G (0.8) G (1.0 G (0.8) G (0.9
1) G, S, and parenthesis indicate gel, sol, and additive amount (wt%), respectively.
2) Acetonitrile, 3) Propylene carbonate.

FIACRERER DFER NS, LA™ 1-n 1X n-Octane & 7 WAL T H Z ENTE oDt L, (k& 2n B
LA 3-n, 3-F L 5wt%ll F TR ARETH D Z L # el Lz, Zhid, LA 1-n 2 n-Octane & A
BRL7ZZ &2k, EREBERNICE N - ICERT A ERB X OND, F0RD, FIUERIOB L
HRALIZ B TR 7 VS VHOM AEERA N L W e W aTgEE S RE Sh-, —F T, LA 2, 3n
BLO3FIZEWT, EERMOBRIMEEW In DL & LI L TZ Lz, FIEBESBICE 2 &5
ZoNb, FOH, FALFIO B CHBLIZ IS W TERE 7 VLR LT 2 FIBEME DS RIE S 177,

F72. Propylene carbonate (PC)IZFET 11 b ARSI ToH L DIZx L, (bEWITmEERRELZ AL TW1D
HObL, LT AT T IOVF VEBRBUKME BB LRI Wbl TEEIRE L TEdEMmE S LTHY
W ZENTEBED, PCICKT HAEEMDIEfREDERWE TRREIND, 20D, Ffbicidigimst % L
FRZENBER 77y A —LD, ZIZT, Kl (~Uv7dn) TUAFAVEHORZEENSDEE (0F
D, {LEW1-8, 2-8, 3-8 B LV3-F) THIEZLEFF, EFEERERSTFTHD PCIZBWTRIERS MbRE
2 LA 1-8 Bwt%) = (LAY 3-8 Bwt%) > (LA 3-F (0.8wt%) > (LAY 2-8 (0.3wt%)| E/ieolz, ZDZ
Enb LAEYTICEEND 7 2= LU ETO n BT ARFOE TG L PC OB T2 EMONCERNT 5 M
——=7 772 —HAFRHORKBAICLILZbDELEEZLNS,

332, B7 vREBEMRT == )R LT LTcAET VD7 = WESTBIREE (Tget-sol)

LA 1-n, 2-n, 3-n(n=4,6,8, 10, 12), 2-F, 3-F Tk L 7= Propylene carbonate (PC)% /L ? Tyelsol 4 Figure
3-3-2-1~3-3-2-4 L F N ENTT,
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014 @16 ®1-8
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Concentration / wt%

Figure 3-3-2-1. Gel-sol transition temperatures of PC

gels formed by compounds 1-n (n = even).
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Figure 3-3-2-3. Gel-sol transition temperatures of PC

gels formed by compounds 3-n (n = even).
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Figure 3-3-2-2. Gel-sol transition temperatures of PC

gels formed by compounds 2-n (n = even).
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Figure 3-3-2-4. Gel-sol transition temperatures of PC

gels formed by compounds 2-F and 3-F.

PC 7D Tyesol 1. R FIZ L 0 SHANIZHEID LU, K7 S VO RFBFOMEMT 5 LmLiz, =
W, BUKEMEEERS R ——7 7 72 —HAFERAPEN L7720 Th D, (LEW1-8 B LT 2-8128 D
JER S 4072 5Wt% PC 7L D Tyesat 1X. FAEFI 46 °C B LT 50°C ThH o7z,

Z 2T, fbE® 1n, 2-n, 3-n TR L7Z PC 7D Teesol. 7 /WALFIORIS & KR R 5O B % Figure

3-3-2-5 1T,
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Figure 3-2-2-5. Phase transition temperatures in a bulk state and 7gersot of 5Wt% propylene carbonate (PC) gels and »-
octane gels versus carbon number of the terminal alkyl chain. Black, gray, orange, and red points indicate m.p., Tsmc-

smA, TsmA-ts0, and Ter-sot Of SWt% PC gel, respectively.

LAY 1-n BLEO 3-n 1238V T, RERFBHEBUIT 2RADOZET & T DEBBFELL T D20, 7
MLAlLE PC ORIEMEDSE L . ZALRIORBIER B & Bin D, E2, FUEAIORT IO B Sk b
Brp AZyF T Tholehd, TUHRPCHTHLEI THDETDHE, PCH SmA HEROBREIEIZADIA
T2 T, LT IAAISFEREBEL TS EDICAAD EHEE LT,

LG 2-n TIZRL L 72 5wit% PC 7 /b D Teelsot (CBUW T, HFTNRNBE (BN Z, HEFIRIL, C-CHEED
DI IEEIC L o TSRO ARy X I RRRL 2 ETRETIHETHY . FATTOT LRI FDH
CHER A E DR EIC T VXL H D Z LIl L > THRAEDEPBINTZ ERER I D,

Fo, B Tesa b &2, UTORIZEWT L2 ETHADNL Y AANEBE T HRFOERET L F L —
HPEHETHZENTE D,

logp=

2303 AHp, 1
R T,

gel-sol

1
+ ) ...(Equation 3-3-2-1)
Ty,

¢. mole fraction [mol-mol™'], R: gas constant [J K™' mol™'], Tx: absolute temperature at X [K]

Z O, Schroder”—van Laarl® EFETN TR Y | RO L D ITEHTE 5, EHIEE K OWREKRAENEZ K
T d(InK)/dT=AH/RT?IZB T, MBIV Th 2 PBUTIREZEIIRWE BRED 72D, T= Tesa [T
TK=FNGRHLIAPTED, T2, T=TopllBWNT, ¢=12F 9 ZF/LAI 100% 251X TTH D, £
T, ZOWMRITREARE T Test = Tup / K: ¢g— 11 OFEPA TR L. BHSOBIEAT 5 2 & T Equation 3-2-
-1 BENET B, ZOREHWTE LI log gvs. Teeso  BICIBW T, y YIS AH/ RTnp. L 725728, 220
B TALEIRZ T H Ok LT D BR OB (= AHgasat) Z HLH L 72,

{LEW 1-n, 2-n, 2-F, 3-n B LW 3-F T L7= PC 7 /LD Tyeso 7> 5 Equation 3-3-2-1 % FV N T 7= Schroder—
van Laar plot % Figure 3-3-2-6~3-3-2-9 (2, Z Z S HEH U772 AHyesol & 23V 7 IREE T AHmp % Table 3-2-
21 fraed,
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S RO

A .
<3} ~ee
2y | o4 log g=-2T3XN0 Ty 6L

® 1-6: log ¢=— 1.81 X 103 T ' +3.51
-5 T @ 1-8:log g=—3.51 X103 Ty i~ +9.36
6 | @ 1-10:log g=— 140X 10° Ty i~ +2.04
1-12: log ¢=—4.19X 10° Ty i + 11.0

2.7 2.9 3.1 33 3.5 3.7
103]‘,&{«31—%1_l / K_l

Figure 3-3-2-6. Schroder—van Laar plots in Tgel-sol of PC

gels formed by compounds 1-n (n = even).

0

-1 -

2 R sBa
-3 F SOFx. — -
ED a4 L ® 3-6:log ¢=—1.74X10° Ty i 1 + 33 =

® 3-8:log g=—2.54 X103 Ty ' + 5.64

-5 [ @3-10: log ¢=— 247X 103 Ty iy~ +5.52

6 b @32 log ¢=—2.29X10° Ty 55~ + 4.67

_7 1 1 1 L

2.7 2.9 3.1 33 3.5 3.7
103 T geiosol -1/K-!

0
-
il e T
™ - “%\f&\
2f 20t o
<3t me -
20 o
2 4 |®2-4:log g=—10.9X 103 Ty~ + 35T

<

© 2-6: log ¢p=—2.28 X 103 Ty + 7.48
[® 2-8: log ¢=—5.74 X 10° Ty i + 17.2
-6 |®2-10: log p=—3.44 X103 Ty i ' + 8.50
2-12: log p=—3A48 X 10° Ty + 8.65

2.7 2.9 3.1 3.3 3.5 3.7
103Tgel-sol_l /K_l

Figure 3-3-2-7. Schréder—van Laar plots in Tyelsot of PC

gels formed by compounds 2-n (n = even).
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® 3-F: log g=—2.06 X 10° 71 + 3.64
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Figure 3-3-2-8. Schréder—van Laar plots in Tgelsot of PC  Figure 3-3-2-9. Schroder—van Laar plots in Tgel-sol of PC

gels formed by compounds 3-n (n = even).

gels formed by compounds 3-F.
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Table 3-3-2-1. Latent heats of melting and gel—sol transition with propylene carbonate added compounds 1-n, 2-n, 2-
F, 3-n, and 3-F.

AHm.p, Angl-sol AHm.p. Angl—soI AHm,p. Angl-sol

Compounds |y or1 /kImol!  COMPOUNDS yy ot /kImort  COMPOUNds vy /KT mol
1-3 281 498 23 43.0 - 33 -
1-4 211 378 24 31.6 208 3.4 -
1-5 39.1 55.1 2.5 40.9 -

1-6 302 38.0 26 288 16.5 36 306 2.8

1-7 411 56.9 2.7 38.9 4.7 3.7 298 36.1

1-8 26.7 432 2.8 28.6 15.8 3-8 28.1 38.8

1-9 477 32.0 2.9 52.5 - 3.9 295 39.1

1-10 52.5 14.1 210 66.9 14.9 3-10 275 375

1-11 50.9 64.5 211 56.5 -

L2 o8 98 2 60 180 3 164 320

2F 492 - 3F 407 277

AHmp. and A Hger-sor indicate latent heats for melting detected by DSC and ones for gel—sol transition calculated from
Schréder—van Laar equation, respectively.

FT. ALEW 201DV T, AHgdso & D AHnp DR KRENT LB PC IV DTGRRD G AL HEL E IR HE
CLTHETAEREEINTZ, —FH T, (LAY 1-n 5 L8 3-n TlFAHgesot B3AHmp LV KEWZ &G, PCH
OB LZEREE LTHEEL Y DERBINT, £/, TAXIAVEOKZERTO—H%E 7 v REWH LT
LA 3-F 13 monotropic SmA tHEFITH 2 &0, AHup B REL RS TNDN, AHsmeaso #BELTH
AHgaso £ O KRE WD, 7 v FECBBIFHCAFI 2T < R Ihi,

333. EU v ) VEBERT = VR FMEFNCET B EIC A AR
(LAY 4-n B L 5-n 1B B 7 ALRERBR OFER DO—>Th 2 K7 MEIRERIE OFE R % Table 3-3-3-1
35 58 Table 3-3-1-2 I Z N EITT,

Table 3-3-3-1. Gelation tests and critical gel concentration for compounds 4-n in each organic solvent.
Compounds, (Concentration / wt%) ")

4-3 4-4 4-5 4-6 4-7 4-8 4-9 4-10 4-11 4-12
n-Octane G (0.3) G(0.3) G(0.3) G(0.3) G(@0.3) G(@©03) GRO GB.0) G5 G(@O4
_Toluene  S(5.0) S(5.0) S(50) _SG.0) _S(.0)_S(50) S(50) S(5.0) S(5.0) _SEG.0)
Ethanol G(2.0) G#.0) G20 GH0 G@B0O G@BO GME0) GH0 SB.0) SG.0
1-Octanol G (3.0) G4.0) G(5.0) G(40) G#4.0) G(5.00 G(4.0) G((.0) P(.0) P(5.0

Solvents

1) G, S, and parenthesis indicate gel, sol, and additive amount (wt%), respectively.
2) Acetonitrile, 3) Propylene carbonate.
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Table 3-3-3-1. Gelation tests and critical gel concentration for compounds 5-n in each organic solvent.
Solvents Compounds, (Concentration / wt%) "
5-3 5-4 5-5 5-6 5-7 5-8 5-9 5-10 5-11 5-12
n-Octane 1(50) 1(.0) I(.0) 1(5.00 1.0 TIGB.0) 1(5.00 1(5.0) T1(5.0) 1(5.0)
Cyclohexane S (5.0) S(5.0)0 S(.0) S(5.0) S(5.00 SG.0) S(5.00 S(.0) SB.0O) S50
_Toluene _ S(5.0)_S(5.0) S(5.0) G(5.0)_S(5.0)_S(5.0)_S(5.0)_S(5.0)_S(50) S(5.0)
Ethanol 1(50) 1(5.0) I(.0) 1(5.00 1(5.0) I(.0) 1(5.00 1(5.0) 1(5.0) 1(5.0)
_1-Octanol__ G (03)_G(04)_G(0.6) G(03) _G(05) G(0.3)_G(04) G(04) G(03) G(02)
AN? 1(50) 1(5.0) I(.0)0 1(5.00 1500 I1(5.00 1(5.00 1(5.0) 1(5.0) 1(5.0)
PC?® GB.0O GBO GBOH GBOH GRO G@MOI9 GO6) GO G(.3 G4
1) G, S, I and parenthesis indicate gel, sol, insoluble and additive amount (wt%), respectively.
2) Acetonitrile, 3) Propylene carbonate.

LAY 4n 122V T, PC LY n-Octane DIE 5 N LD ZL DILAMICIBNTH NI D Z L H R LT,
FEZORMELDETENL TS Z LRI, £/, n-Octane 7 /W2 T, SmA HAFEBLT 5
{EEMEY N HBREES 2MEMOTTD, FART MBI S W & 2R Lz, ThUC XD ReIREIC
B2 TRHAINR T NAVIEHICEELZ RIZ L TV D ARER T END, S5, N HARET 2/ EERH
HICEMIERT DL, TAXNAVEHOMRIZ I YRR MBIREN /NS 2oz, ZHd, fIHOT vF v
B & RO BFMES B BEAEH OFERICL VS E oD LR shbd, —5 T, PC 7/vid SmA 8
ERETHEY 49 ~ 4-12 LUEEEREVEAY 47 B X 4-8 TOH, FAERKRERER LTz, Ziux, N
TR G N DHBLAT DI L SmA FHIZ R HAICELR~ 7 vz b b £0 SmA HHAEBRT S
REICTERR T D &S L - T, S ERIF G ERRLEOM AN (srnAZ vX 7)) BFERIh, Zh
& PCHTFRITHIAEHRREE LoD LRI D,

E72. ALEAWY 5-n 1TELE O E SISER U TR AR D Ethanol =° Acetonitrile, n-Octane [ZIAfiRT 2 Z &8
T&Reholz, FElz, Cyclohexane |Zxf L TIEMMZ R+ Z L2 MR Lz, Zhid, S bFIoIFwBEr= >
I & Cyclohexane (2 £ B BUKMER AR ORBLUOER U CEERSEZ > Tnd &R sisd, —F T, I-
Octanol & PC 2%} L C 3wt%ll FOTIM TNV EZK TE 5 2 & 2R L1z, FrlZ, 1-Octanol IX 1wt%lL F @
WNETTNVOEKRERR L2, 22T, PCIZBTOZRIERSMEBEIZOWTER TS &, TAXAHOM
Blffo TL VD EDOIRMETT VERPARETH o7z, Ziut, 7 EHIM TOBUKMMEEERSEER L
TeZ e END, o, NHOAREZFEET (LAWY 5-3 ~ 5-7 D PCIZBIT DAL /AR LD SmA 1
ZFEBLT DG 5-8~5-12 DFRART /AVIREE D F AMERNFER & 72 o7z, ZAUE. SmAROREBIRFIZIT 58
WEERIZ LY . TbAIT OGFRELOMAFER (=1 22 v X 7) PFlEh, Zhe PC T
CTHAFERAPRB Lol bmesind, —hH T, LAY 5n13bEY 4n LHEE L T EFHL 02D,
TAED 535804 E LT SmAMORBIIHZ L2 TH LW EHERITE 5,

334, &<V UREERT = = VR T NALBITIER LT2GES O N~ WRBIRIE (Teel-sol)

{LE&¥ 4n, 5-n (n=4, 6,8, 10, 12) THEL L 7= n-Octane 7 /LD Tyersol % Figure 3-3-4-1, 3-3-4-2 2. Propylene
carbonate (PC)7 /L@ Tyelso % Figure 3-3-4-3, 3-3-4-4 |2 NEIRT,
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Figure 3-3-4-3. Gel-sol transition temperatures of PC Figure 3-3-4-4. Gel-sol transition temperatures of PC

gels formed by compounds 4-n = (even). gels formed by compounds 5-n (n = even).

T AR T ORR O/ SITER LT, LAY 4n TR LTZ PC L X VLAY 5-n TR LI VD)
B, Teasa D@D 272, FTo. PCITND Tyaso i, REBRTICE VBRI L, R 7 L F LB O REFL
DT 5 EHMm L7,

fbEY 4-n, 5-n TR L2 PC D Thasol, 7 7WALEI DRI & Kk FEHEEL DBIE % Figure 3-3-4-5 127
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Figure 3-2-4-5. Phase transition temperatures in a bulk state and Tigel-sot of 5Wt% propylene carbonate (PC) gels versus
carbon number of the terminal alkyl chain. Black, orange, green, and red points indicate m.p., Tsma-N, TN-1s0, and Tigel-

sol of 5Wt% PC gel, respectively.

{BEW 4n 122>V TiE, SmA AR R D EHEEDY PCOFNMAVICKE TH D Z E BRI ENS, £7-. 7k
B & SWt% 7 LD Teeso 730> 7 TIRIE—EETH 722 5. PC O SmA FHHSED EHEEIZ A VAT
ZET, BENLINMEBI G T EREL WA I OICR XD EHEE LT,
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{BEY) 5-n 12 oW T, BlURIIIRFBEHBOBINZ L > THEF L7ZOIZX L. SWt% 7 /L0 Teeso iR FBEHEL O
HIMZ X > CER L, ZHid, AELEW 10 4-n DBREIEDEIZPCR AN IAATWD & R 7=0lcxt L,
BLEWSn & PCIIBHESEIZLA M7 v B IREESTWW RN ERIERENT,

Z TV REE TOMEEBERIEENE 7 — Y VR E T 5 7o o1z, (LAY 4n B I TMEEH 5-n T
JERL L7 n-Octane 7 /v, LAY 4-n 3 L OMEEW) 5-n JERK L7 PC 7 /L0 Taersol 7> & Equation 3-3-2-1 % T

1%7= Schréder—van Laar plot % Figure 3-2-4-4 33 J.Uf Figure 3-3-4-5 |Z

JRAE TP AHmp % Table 3-3-4-1 35 L O Table 3-3-4-2 (ZE NE R,

< :73)%%\:[':[:'[ L/fl{/ié’%?j\& Angl-sol Y24
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A
= 2 m,

> Seree

3t

log ¢
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4 L®54:logp=—121X103 Ty iy + 1.82
® 5-6:log p=—1.61 X 103 Ty ' + 3.01
[ @ 5-8:log ¢=—2.01 X 103 Ty i ' +4.37
6 L®510:1log p=—2.17X 103 Ty i~ +4.36
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Figure 3-3-4-5. Schréder—van Laar plots in Tgel-sol of PC gels formed by compounds 5-n (n = even).

Table 3-3-4-2. Latent heats of melting and gel—sol
transition with propylene carbonate added compounds 5-

n.
Compounds ~ AHmyp./ kI mol™ AHgelso1 / kI mol™

5-3 26.5 17.8

5-4 23.8 152

5-5 234 34.7

5-6 24.2 243

5-7 22.9 35.9

5-8 28.7 355

5-9 28.6 382

5-10 27.2 333

5-11 31.1 36.0

5-12 17.7 28.5

AHmp. and AHgesol indicate latent heats for melting
detected by DSC and ones for gel-sol transition

calculated from  Schroder—van

respectively.

Laar

equation,

WiT, (LG 5-n TR L7z PC 7 /WIZ DWW T, RIRKESHED IE (DF D, NHOAZRET D)
L&, FIUEBRERIEORERZERIEE L THREL TS DIIH L, KIRRFEHENEY (0% Y., SmA %
BT D) L&, FIUERREREE LTHEEL I D ERBEIND, PC ZVOFAIC SmA FHH kO @S
MEFEAICES L T2 b Tldengs, EiEEIC X5 PC & O AMERNESZNICERIC@ EHE L,
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34.1. &7 vREZEFRT = = VR TIALFITIEER UG 7 L oG ERAT
10wt% PC 7/L % FHNTH G AL7z SA-PXRD 22 b & L= BT A 20 & % 2235 Bragg DREHAWTH LN
NG d. DFT BB B8 5N TR | % Table 3-4-1-1 1277, £7-. KT AINABORERE d, |, Ad-

[ DR % Figure 3-4-1-1 |Z7” 7,

Table 3-4-1-1. Layer spacing and molecular length of 10wt% PC gels formed by compounds fluorine-containing
phenyl benzoate-based gelators. ¥

Comp. dggree d/A 1/A Comp. djgree d/A 1/A Comp. djgeree /A 1/A
1-3 313 282 263 23 283 312 274 33 2.67 33.1 27.1
1-4 289 306 276 24 228 388 283 34 26l 33.9 28.4
1-5 264 335 288  2-5 176 501 296  3-5 29.6
1-6 272 325 301 26 1.67 528 307 36  3.10 28.5 30.9
1-7 267 331 293 27 1.63 542 320 37 298 29.6 32.1
1-8 259 341 303  2-8 158 560 331 3-8 371 275 334
1-9 254 348 314 29 151 585 344 39 273 324 34.6
1-10 244 362 324 2-10 148 598 355 3-10 257 344 35.9
1-12 233 379 346 2-12 137 643 388 3-12 236 37.4 38.4

‘ 3-F 2.77 31.9 33.0

a) d, [ indicate layer spacing calculated from Bragg’s equation and molecular length calculated with DFT,
respectively.

40

1-n

Lo
25 |k“’:‘ 6

3

6

n

Ad-1/A

Ad-1/A

Figure 3-4-1-1. Layer spacings (d; circle), molecular lengths (/; square), and differential between d and / (Ad — /;

triangle) versus carbon numbers of alkyl chain (n) for 10wt% PC gels formed by compounds 1-n, 2-n, and 3-n.

Figure 3-4-1-1 705, L& 1n & 2nlZBWT, n=6 TAd—Ivsn NEMSAEZ L DI LD, n>6&n<s
THEDTELTEZXDZ L LTS,
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Figure 3-4-1-2. Self-assembled structures of 10wt% PC gel with compounds 1-n (top) and 2-n (bottom) (n > 6).

WIZ, n <SIZOWTHRFETT 2, (L&Y 1-n TIE, 7AFAEHOMEIZI VA - I BN L7z, —FH T, d/1
=1.1 CHoTz72®, SmA-like RECE 2D EHEE LT, T2, REHIKT 2BREOUI R 23 267A TH -
Tro ZHUE, ThAaxvEERWE (D0, (LEMI-0ITHEY T D) FFE—STThr7D, ZTERST-
Lo BB EE LD LHETE S, 201D, Yk oA b Ez5 2 L=HEAEH
i AF o FX T THBEHE LT, 22T, ZH0F07ta T AX A ERE—HFHICHEN TN S SR
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Figure 3-4-1-3. Self-assembled structures of 10wt% PC gel with compounds 1-n (top) and 2-n (bottom) (n > 6)
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Figure 3-4-1-4. Estimated self-assembled structures of compound 3-4 in 10wt% PC gel.

Wiz, ALEH 3nIZONTEZ D, n=3,41CO0TIE, SmMAHOAEZHKETLHZLHLHV ., PCHMITRIT
HAA—1>0 Elpol=, D7D, ZNAVHFTEH SmA-like 7253 FlAIZ & D EHEETE S, 22T, d/I=12T
HBHZ LMD SmA-like RELEE &V, o AX XTI X o TCHOCMMMET 2 EHEE LTz, 2, d B31Z
E—EETHDLZELAd-I= 6.0AMm=3), 55AM=HTHD LD, INArTIXIVENRERT L3V
L BREMCRE L TWD EHEE L, 20L& &0H CHMERSE % Figure 3-4-1-4 12787,
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U, n=8IZ 2\ TIE, d/1=082,720, @=35°L D7 P riEEL LTIRERTE2VWEL 257, SmC-
like 72BLE CTH 5 Z LIXREW R WL OO, HEN S OTEER S 5 & A5, LAY 3-6 8L 3-8 DH
ORI L&A Figure 3-4-1-4 B L R 3-1-1-5 122 Fhurnd, 2206, ZOEWISFOTFEEICER
THLOTHD ERBEEIND,

"~

Figure 3-4-1-4. Estimated self-assembled structures of Figure 3-4-1-5. Estimated self-assembled structures of

compound 3-6 in 10wt% PC gel. compound 3-8 in 10wt% PC gel.
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Figure 3-4-2-1. Layer spacings (d, circle), molecular lengths (/; square), and differential between d and / (Ad — [,

triangle) versus carbon numbers of alkyl chain (n) for 10wt% PC gels formed by compounds 5-n.
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TR AY v ¥ TICEDECHEMEITE IS, 20D, 7<) R RIS < PR — iRF-H B AEH
W2 X B H AR D key interaction (272 W 155 LHEE LTz, —F CHREIL. SmAHHBROERHEZ K LS5
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Figure 3-4-2-2. Estimated self-assembled structures of compound 5-9 in 10wt% PC gel.
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Figure 3-4-2-3. Predicted self-assembled structures of compound 5-8 in 10wt% PC gel.
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Figure 3-5-1-1. IR spectra of compound Figure 3-5-1-2. IR spectra of compound 2-
1-8 in bulk state and 10wt% PC gel 8 in bulk state and 10wt% PC gel formed
formed by compound 1-8.

by compound 2-8.
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Figure 3-5-1-3. IR spectra of compound Figure 3-5-1-4. IR spectra of compound 3-
3-8 in bulk state and 10wt% PC gel F in bulk state and 10wt% PC gel formed
formed by compound 3-8.

by compound 3-F.
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Figure 3-5-2-1. IR spectra of powder and 5wt% n-octane gels formed by compounds 4-5 and 4-9. Upper (blue), middle

(orange) and bottom (yellow) lines indicate powder, 5wt% gel and n-octane, respectively.
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Figure 3-5-2-2. IR spectra of compound 5-8 in Figure 3-5-2-3. IR spectra of compound 5-
bulk state and 10wt% PC gel formed by 9 in bulk state and 10wt% PC gel formed
compound 5-8. by compound 5-9.
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Figure 3-6-1. Experimental (Exp.) and calculated (Calcd.) UV-Vis spectra of (a) compounds 4-5 (concentration in Exp.:
0.01 wt% in n-octane) and (b) 4-9 (concentration in Exp: 0.005wt% in n-octane). Calculation condition of TD-DFT
were used CAM-B3LYP/6-311G+(d, p)//B3LYP/6-311G (d) with Gaussian 16 program.

Lot TO EKRIET 5 ETFERIL DFT 35S E LUMO 75 HOMO-3 ~DEB TH 5 LR S
72, LUMO & HOMO-3 % Gaussian 33 J2 O GaussView % U CTHEE L 7245 K % Figure 3-5-3 12787,
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(a) 4-5 (b) 4-9
LUMO ’ . LUMO N
J " F) " ) 9
Aydgaedyd. .0. “e‘f‘e‘t‘ot,,“a‘.
E =378 ¢V E,=379¢eV

e

HOMO -3 2 4 HOMO -3
: 4 ? ? ‘r" o9 49 9 9 g ‘a; 9 ‘gra
o4
"f".“ A *“o"g‘f‘o‘o‘\ 3 ""@
9 b J 2 4

Figure 3-6-2. The molecular orbitals of HOMO-3 and LUMO in (a) compounds 4-5 and (b) 4-9.

OFERD S, 320 nm fHEOWIIEZ ~ U U ERICER T2 0 LB 2 b, B OMMERESEIIZZ <Y
VEREDRBHE L TV D RMREMED R S 7, Z 2T, UV-Vis AX7 hL & TD-DFT ZflAGbE CTHEE L
FERL, 7= U BRSO BN — PR A BAVERIC & TR ZBE 2R 2 X 5 2B kb L Tn
HAREMENE 2 DAL, LAY 4-5 B LN 49128\ T, LUMO & HOMO-3 TOBLE D ER A& D Z MR L T
HEE L7 B MRk LA E 2 Figure 3-6-3 (127”7,

1 2 ¢ 2pd >9
4 ] e-e r
““o"“‘odff‘.oa JO‘.., ee r"f c e
s 2 il J‘J o e oo g 't‘."”’r
J‘ 2 Pfr : f' T e , b 4
Compound 4-5

- * * - + F) ® e r
Pg gyt te : e “ s0e® ee e : T
¥ a3 3 ) ) " ] ee e * . . ¥ ¢
s ,‘ ' e r @ ¢
Compound 4-9

Figure 3-6-3. Estimated self-assembled structures of compounds 4-5 and 4-9.

3.7. FHE{LFEMIFIEIC L D= RV X —2Ml L Btk L O LE — B EH OHEE
AHiClL, DFT ftRIC X > TRO 7= oM AEEA = # L — & Schroder—van Laar 2> 53R 72471
BT XN E—Dli AT H Z £ T, BOEMMEIZEB1T 5 key interaction DHEE 24T - 72,

3.7.1. DFT &5

FT.ALEW 1n, 2-n BEIMEEW 3n IZHOWTHRETT 5, 22T, #ERVELIMHAEMEMNIIZ AV AT
NENVERTOB T NAT AR ETZIIFFERBARD mn AFZ o X7 HDHNIEOmMITEHER L, *
Z T, Figure3-6-1-1 (TR T ="Z — X{bEW=FE (L& 1-8. {LEW2-8, {LEW3-8) =9 F—Dit
BElT-7=,
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O o)
CGF13CZH4SOO CGF1302H4S~®—/( \>_QO
}—@OCaHn O@OCBHW CeF13CoH40 }—@ocmw

(0) ()

Compound 1-8 Compound 2-8 Compound 3-8

Pattern [ Pattern 11 N "

b N\ N ~

F-F
\ ~

Pattern I11 < b
T F-F

A

-

Figure 3-7-1-1. The schematic diagrams for optimized geometries as a dimer.

RHEIRE T, BT ofiERoE . GREEBIAE L - B3LYP, FEEEI4K : 6-311G(d) B I OIE#FHEEZT-
Teth, ERANF — U Z I 2 THREBEZ1T > CHE, MGkt GCHERIILEEL - M06, ALIEBHEL
6-311G(d)) %1T-72, TOHROREFHE CEREZFRRW I 2R L CHEONEELE T LY
— LHASFTRRICLTELNEEBEF VAN —DELZIEE  SFREMHAEER- 2L E— (AHP) &
L7z, o/ baw 1-8. 2-8 ZHE L DAH % Table 3-7-1-1 12773,

Table 3-7-1-1. The hypothetical standard enthalpies of dimer
formation (AHF).

— AHP / kI mol™!
Compounds
Pattern | Pattern 11 Pattern 111
1-8 8.40 20.2 50.9
2-8 10.8 43.6 46.8

EEW1-8 B LN 2-8 1T EHLLICBWTHH 7 AT 2RI L 5 H kLA 8-10 kI mol™ & #EZ IR
ELTHFELED EE2LND, o, nn AZ XU T LB TINA T AGROIFIIRLEENRETH S LR
BENTz, 22T, mn AF yF L ZIZOWTHET D &, LAY 2-8 TIHRLEIREIZEWA, {LEW 1-8
TEHBINVATAPRIVZETH D ED, ZHLOERYELZTERESL L CNEMNTOND L#EELE, £
D7-%, H MM key interaction & LTI, (bLEW 1-n Tl AF v X7, bLEW 2-n THHBL7 VAT

AR THD L TR LT,
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Pattern |
dipole—dipole

Pattern IT
Pattern 111

Figure 3-7-1-2. The schematic diagrams for optimized geometries as a dimer.

3.72. BWtEEMHAEERIBRT o Z LV E— DK

AR TFELE ERFEELZBEIEDOE D200, Bt OHEZITH . 3.6.L. CROIAMEFERA= ¥
IR HEWMEIL, AL — Y ViEB s v Z )L — & Tl L7-, DFT 3F#1% SATP (Standard ambient
temperature and pressure; 25 °C, 1 bar= 1.0 X 10° Pa) £{F TRIHE 217> T\ 5, £ 2T, 3.2.2. T L 7= Schroder—
van Laar 712 v MIES AL — Y NVIEBT ¥ L E—% SATP TH(LT 2 &, EESLMHEERELT
Equation 3-2-2-1 @ y G712 T'= 25 °C (= 298.15 K) & 5 U 7= FEDMEHES L — V WERS = 0 2 )L B —AHP g & B
2, T 2T, AHwmsol X7 VD B CALRMEAEEZ MU L VB L CWBREEZRLTWD DR L,
AHP X H CHBb 2R mE (OFED ., BWmItEd FVAGERE) ThH L5250 b, Al = —
AHE LW BRI T2 EE 20N 5, B3 ONTEAH w0l & AHP % Table 3-6-2-112F LD 5,

Table 3-7-2-1. Hypothetical standard enthalpies of melting in propylene carbonate
(AH gels01) and the enthalpies of dimer formation (AHY°).

—AHP / kI mol™!
Compounds ~ AFPgel.sol / kJ mol™
Pattern | Pattern 11 Pattern T1T
1-8 232 8.40 20.2 50.9
2-8 12.5 10.8 43.6 46.8

AFPgeisol & AHP OHOXHE % Lkl L7, {LE&% 1-8 Tt Pattern 1T (OFE V| o AX v F 7)) TOAHP A
AFPgeisol T LVMEZ R L, {bAE® 2-8 TlX Pattern I (DF V| 74T ZAEHE) TOAHP I3AHgelsol &I L
VWMEZ R LTz, FO7=8, Bt L sHE 2N REICE Y. B M IZE T 5 key interaction 23MEETE 5
LE 25, A0 —2TE, LAY 1-8 TITE T VAT ZHEN, {LEW 2-8 TiE nn A F v ¥ 7 key
interaction Td» % & HEE L7z,

Table 3-7-2-2. Hypothetical standard enthalpies of melting in propylene carbonate
(AH%gel1s01) and the enthalpies of dimer formation (AHY").

— AHP / kI mol™!

Compounds ~ AHPgel-sot / k] mol™

Pattern 1 Pattern 11 Pattern 111
4-5 59.0 N/A 29.9 39.9
4-9 49.7 14.6 50.0 51.7
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3.8. /MME

AETIE, F2ETARLELEB/B Y = = VRT MEF 2 AW CEBIAE ST 2 7 bR RBR 21T o 72,
Fo. R L TGS L QBN 73 YT & FHRAL PR TE 2 S U 7o SR 21T - 72,

(LAY 1-n-5-n TIXBHEIREECH 5 1-octanol X° propylene carbonate (PC) (2% LT Swt%LL FOFRMNIC L - T
FNVEER LT, — T, 87 vREREM T = = VRTMEANZEB T 5 &, FEMPERAEE CH 5 n-octane |2
BWTLEY 2-n L{LEW 3-n TIHT AL TE 201Zx L, ALEW 1n 137 AL TE e oo, (LAWY 1n X
n-octane |ZIFMFET 5 Z &6, n-octane & ALEWI THEETFIT 2 (DFE Y {LAEWE n-octane O THA(EH
MWEZ D), Z2D72d, ALEW 1n DT IURIZIRIT 2 A CMfkIZ 8 TR T /L3 LHIR - OBk B AF
AR RN EREEND, £/o, PCHMTENT, (LEW 1n BLO (LEW 3-n TIILEY 2n 1V %
KOWMEZVBEL L, PCIXT 787 # a2 b5, (LEWD n EFR R F—MEFSZ b, Zhb
DT RF—=T 277X —HAEEMABEBL CHETE D, 22T, (LAVOS TEARITIEEBHETH S &
A5 Z s, BEREE~ORENMENE W2 D, 20D, R ——T7 774 —HEERAORE
BPCOTNMAICKETH D, £Z T, ALEW 1t EW 3In TIEaET A PCLUSO 2=y M EMHAFEHL
TNBH7ZDIZPC & nETTHEHL N ——7 27 7% —HAEERMLEY 2-n IR L TH Rofz EHEE L
e 22T, BZLNELIMAEEREIEFRALTD o AZ X7 THY ., ZHhPHOMLED key
interaction (272> TWA RN H D, F7=., K L7= PC FNNDES1ZRNT A —Z —ZffirT 5 & (LEW
2-n E7203 30 TR L2 VTSIV s TOZ S EBER L i L THELERETH LD L, LEW 1-
n TR LS VITEEREE L CHEE LGS RS RB IS, £, 87~V Vv ZEFHBT7 ==V RY
NAVFIDIL G 4-n, 5-n D PCIZXIT 27 ARICER T2 &, SmAMHEZRET DRIERICISWNT, NEOSZ A
FHETLHREGERE LT, K0 DBEDOEMTTAERARETH 72, iUk, SmA FHERIZHKT 2/E
HENPC LD N ——T 7 /2 —MAEREFHTHZLICERLTWS ERBEINS,

ZI2C, /MM XBEPTR IR & o 7o & DFT 5HE & AW TR IEfRIT 21T > 72, (LEW 1-n B LTV 3-
n OHCHMBEIZ n X7 v X S THVLAY 2n T INLA T AR THHZ L EHE LT, 2. 1k
B 5T~ U VBERPBET S A X o F Sk THOMMMET 2 L HE L, AT, {LEWY
4-n [ZBWT, M XBREITOREEE LT UV-Vis & TD-DFT % AW e it 21T-72 8 24, 7<=V 8
1 ] = 00 PR 1~ — R 70 ALEFNC L o CH b9 2 L HEE L7z, DFT #HEAE L ERERZEHLEDED
ik BENMSLRTORSGTFLRABRTOSTRAEEDENE LD ZLATE, INoBSTHRARK
FRICB T DBETIREBREELERTH LR TR LT

5
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FAE REBEEIIZILRTIVILRITRAR LA F Vi&IE
TILDEYE L BERENT

ARETIE, BIETIT oA LV OREW AL IEMNT 2 Tk STV 2BUKMEA 4 L iRIE D
[BMIM][TFSA] CF# L 7= 7 Wi L CTH b7 RIZ DWW TR T,

4.1. =
ILs 1355 1 TR Lol Y ERALTT /3 AR COL I EL 22 E~DISHBRBEZ BN TWD, ZOHT, B
KHETH D Z E1E, BERANE ILs ICBWVTARK Lot I X > TAEURTUVIIIE~DORBE ST 2 LN TE
H—oDT 7 I B—Thbb, £z, ILs ITERPEGRIBETHDL Z LD, BREKITKRD 2WMEICEREZ YT
THREHEH AL THZ ERFETH D, —FH T, WEDO Y R 7 RLEFIARWERE e EISERE U7 REE AN
DR EnG | BEERET A2 L TEDY X7 2R TE D, KETIE, ETHIROBKEILs TH D
1-butyl-3-methylimidazolium bis(trifluoromethanesulfonyl)amide; [BMIM][TFSA]% &R L CTH v 2 A L 7=,
[BMIM][TFSAIZH F 4 BRI EFER, 7=V ERIC NI Zuda A FLEERE LTS, £, Gl
BT EE#B I ALANC L EFREAE L CWD, S5, ZIULAID 5 BLAEW 1n, 2-n, 2-F, 3-n, 3-F (2D
WA AR T X ALEEFE LTINS, £, [BMIM][TFSA]E 7 ALAIOFMAFRZEZ Y 5 2 FlHE
HERNDHD, 2FV, FNEIA AL EEETHIWE L L TOMELZR D AREENE X DND, £ T, ILER
il %HLTmMmmﬂmmkﬁwm%W 1572 6 < MAEAEH OHEE 2 A T2,

T, BB CEBREICER TS L. KO TN TR & SOV EI S oM BRI S 2
EPIFITEN L BN Lnn | FULRTE CTH CIERRERE DLW E BaY D, 22T, KEL
PR OBRIZ DWW TE 25, 2 b 1T Equation 4-1-1 (278§ Stokes?LEinsteinPl DU L » TR TE 5,

kT
- Csenr

... (Equation 4-1-1)

(D: self-diffusion coefficient, k: Boltzmann’s constant, m: viscosity, 7: radius of chemical species, Csk: correlation term
[generally, 4n < Cse <6m])
ZImb, BENETHD EE, SEBREIIBEICRIESTD Z LB3bnd, £, B—RRERIZBD
T, EEEOREEE no ISR/ D EEIROREEE n O T 2 HxHEEEE 1S Equation 4-1-2 THR S 5146,

N/Mo=1+ Bym + Cym?* ... (Equation 4-1-2) [m: molar concentration]
T 2T By [ TRHE —VRBERAR AR Qi%%—%%ﬁmﬁwméﬁbfﬁw INBOFERRKREVEMA
ERBRREVWE SO TS, DED, BT DI MHAEFEMNRES 2D ERERRELS 2D
LN Wﬁ%ﬁﬁ$ﬁ<&oo__Tw)ﬁﬁMﬁirWEWﬁMﬁjT%é FdR TIT A CIRER R &
ZIE—ET 20, UL, HOWBRR S MAEIRERE S — B L 2WEEIE, BREARICL > TXRIND
FEIRSREIC L - TH CIEBRBUC R B2 52 2 2 &b . WH —HREEEROHEN R TH D &
ERxbhb,
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HE 2 L 72 [BMIM][TESA]iZ Sigma-Aldrich Co. LCC. O Hilliih 245542 = L 22 < L7z,

422, HE
T IALRE DRI FAR T MAVIREERE & 7 v MARRBIREERIE TIT 7o, AIE L. FAVETBRT 28I
2 ALK OB/ NRINETH Y . AR T ACREMEW S EN TSRl L W2 D, 2, BEIZS L
DEZTEMEIZOW T CX 5, 7 HERERHEI O —HEORIVZIRD L B0 TH 5,
) Y r7UE (12 mmd) 128 3.5 mg FEEE D 7 VLA 2 & 0 Bl 7=,
2)  VELAEEIN R TH T IVE ZMEVL . M&S Instruments £151¢> VORTEX-GENIE 2 Mixer % VT L
B LT,

3) B LTt WIROREZHH THR LEZ, ok &, BEARERSIE 150, HWiKRERSIT
vy &Lk, FVEHELEZRL, TOROEENLBEZHEH L.

4 3)THNLEHELEY I LE )R e —F—TNMEL TW&, RRPHERCTEZRESR2, [Fr—
NERREE ] & LT,

5)  2)~4) DEEARY IR LU TRIEZ MALIBE 2 0E LTz,

Tk UToA A RIS I T b OEEZbIE ATR-IR Z2EH L T/ LD IR A7 ML E{LEYD
DV REEINBHE B IR AT ML ZHIE LT, =27 7 MRE— 7 RS 7VlHET I B 51k
B OfEEE THI LTz,

FOL ORISR B Z21Y. HIROX ##lDF o Z )~ A 7 1 A z—7 HRX-01 | X—2h L > X HR-2500E &
@7 %7 % —ABD-25P1 Z MR 0 A1 THT o 72, BfGRLBEITHIAE Y 7 MO b D& Lz,

TR LT A A AR 7 R IZ BT DAY OREEZ LIRS SR ETT L 0 TRPrestige-21 & Specac Ltd.
# o Quest & W T2 R HRILEE (ATR-IR) (2X > TH LD IR A7 kv E{LBH D0 7 (REEN L5
B IR AR MLEHIE LT, BV—7 7 hOE— 7 IR L Z AR I BT Dba D OiEE THI L
T

5 EEPLBA AR (Density function theory; DFT)#H51X Gaussian 16 Bl&2 i L, AHFABIILEIELC B3LYP, &
RRPBEEIT 6-311G(d) & FW TG R L 21TV, £ D% OIRENRITIZ X 0 i biE s KB TH 2 (BIR
ARl ew) ZE AR LI, O =RoutEERE Y 7 M3 GaussView 6.1 2 H L7z,

o LA r o —RpEE, Bt UBM 80> Rheosol-G1000T % FHU 7= GE & ik MERI &2 £ 0 77 L7,
HEBREEa— 7 L— b (B 40mm, =—#2.087°) ML, =R THIE LT,
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A FARIEE LA A k7 v o B CHRBEREIIR R GR 7'e — 7 (HARE TS S0THSGR) B LY
EES AR ER T 7 (A ARBE RS NM-Z10149TTHGR) %33 L - i bt @ (0 AB ettt
INM-ECA500) & vy, B AR SV A2 YA U, 7L AR50 (Figure 4-1-2-1)% stimulated echo [ZFXE L
7o 7L At AR (Pulse field gradient; PFG) NMR (2 X - CRIE L7z, HIER L OM#EHTIE JEOL Delta 5.0 ¥ 7
DT EHWTTo T2, 7R —TREEIE, A4 AWK (D=2 x 10°m? s7! at 20 °C) % N TREG AR s E
ORIEZET-Tz, £, BT A BLOT =4 Fo A CIEBR o8B, FiZ£4 'H (500.1 MHz) & F
(470.6 MHz) IZFE 25 L 7=,

90° 180° 90° 90° 180° 90° 90°
T T,
| |_| A1 [] [l<=d]
RF {>
A >
d »
J <—> & P o
PRt < o
5 5 i =g

Figure 4-2-2-1. Pulse sequence of PFG, where g, 0, and A indicate gradient strength, gradient length, and diffusion delay,

respectively.

43. AT EEFTO LSRR
43.1. RS AVEE

[BMIM][TFSA]Z AW TIT > 72AbA W 1, 28 L3128 2 5K VAL RIE O K% Table4-3-1-1 (27K
T

Table 4-3-1-1 Gelation tests and critical gel concentration in
[BMIM][TFSA] .

1-n 2-n 3-n 4-n 5-n

3 G (2.0) G (2.0) G (5.0) G@4.0) GH+P(5.0)
4 S (5.0) G (0.4) G (3.0 G (4.0 G (2.0)
5 G(1.0) G(2.0) ﬁ G@3.0) G@3.0)
6 G (3.0) G (0.4) G (2.0) G (2.0 G (2.0)
7 G (0.9) G (1.0) G (2.0) G (2.0 G (0.6)
8 G (0.8) G (0.2) G (1.0) G (0.8) G (0.5)
9
10
11
12

=}

G (0.7) G (2.0) G (0.9) G (0.8) G (0.3)
G (0.6) G (0.1) G (0.7 G (0.7) G (0.5)
G (0.5) G (2.0) G(0.4) GH+P(5.0)
G (0.2 G (0.1) G (0.9) G (0.7 G+P (5.0
G000 I
a) G, S, and Parentheses indicate gel, sol, and wt% (additive amount),
respectively.

EGT vBEBEFET = VR IAEFITH DIEEW 1-n, 2-n, 3-n ITHOW TR D E (< 2wt%) OFEINT
LML TE DL Z L 2MEER LT, BT, LB 2-n TlIFES LRI EBH IR N H-7-, LirL, PC T
sl NP ——7 272 72— HAEERAORBENREZ > TWLZ LiE. ZO/BENDITFRATH T,
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A=

LRAEWET = = )VRT MEHITIRL LTe A A ARIR T 0 OB & R T

B~ ) VRBERT = = VRT MAEHITE DAY 4n, 5-n 22T, PC & [EIERIC SmA FHH R O @&
3 [BMIM][TFSA] D & MAIZ A RN B < WIREMEA e S Tz,

432, F— Y VHEEIBIRIE (Teel-sol)

BT vRERER T ==V R MERITH S, {LEW 1-n, 2-n, 3-n,

(n=4,6,8,10, 12), 2-F, 3-F T

L 72[BMIM][TFSA]# /L0 Telosol % Figure 4-3-2-1~4-3-2-4 |2 Z N E IR T,
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Figure 4-3-2-1. Gel-sol transition temperatures of
[BMIM][TFSA] gels formed by compounds 1-n (n =

even).
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Figure 4-3-2-3. Gel-sol transition temperatures of
[BMIM][TFSA] gels formed by compounds 3-n (n =

even).
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Figure 4-3-2-2. Gel-sol transition temperatures of
[BMIM][TFSA] gels formed by compounds 2-n (n =

even).
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o _-®
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260 T Jgﬁwgf
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20
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Figure 4-3-2-4. Gel-sol transition temperatures of
[BMIM][TFSA] gels formed by compounds 2-F and 3-
F.

BB 2-n IZHOWTIE, KT AFIEOMEIZ L - T Swt% T AT BIT D Tesa DL IR0 122 EM D,
B EAERICER L TA A ikik & OBFERT E L, 2D Tewso IS B E 5 2 - A[REMEIRIZ SN D,
— 5T, LAY 10, 30225V TE, BT LHZF IV I DI TIEenZ b, Wit = > § it =

NONZUAREETHD Z ENRTREIND,
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- oG (LA 1en, 20, 3-n CIEAL L 72 [BMIM][TFSA] /L0 Taesor. & /ALFI RS & A8 0 [
%% Figure 4-3-2-5 12777,

160 160 160

140 140 140 r

o 1208 o120
P P 2100 |
E £100 £100
£ g £

£, 2 80 2 80 t
g g g

o o o

= 760, =60 t

i
(en]
T
~
o
T

20 L L 1 L L 1 L L 20 L L L L L L L L 20 L " 1 L L 1 L
3 6 9 12 3 6 9 12 3 6 9 12
Carbon number (n) Carbon number (n) Carbon number (n)

Figure 4-3-2-5. Phase transition temperatures in a bulk state and 7gersot of 5Wt% propylene carbonate (PC) gels and #-

octane gels versus carbon number of the terminal alkyl chain. Black, gray, orange, and red points indicate m.p., Tsmc-

smA, TsmA-tso, and Ter-sot of SWt% PC gel, respectively.

{EAEW 10, 2-n 12BN T, Teesol DIRFTNEPBEZICHN LR E 2 o7, FRZ, LA 1-n TIEPC L &
BELLFETHD L0, B OB EES R DR REIN D, £, (LGP 3nicBNThH,
LA 1-n, 2-n 1T E T AW L ODBHFNENEHN,

T, BONT Tesa b L2, UTORICEBT D L THNANL S NAEBETHROERET L Z )L E—P
BWET D LN TE D,

| =
og ¢ z T

gel-sol

2.303 AHg, 1 1 .
- + 7 ...(Equation 4-3-2-1)
m.p.

¢: mole fraction [mol-mol™'], R: gas constant [J K™' mol™'], 7x: absolute temperature at X [K]

Z oYL, Schroder®’—van LaarV X L TN TEY | IRO & HIZHHTE 2, FHTER K OWRERFEE R
Fd(InK)/dT=AH/RT*\CEWTC, WELA L Clh 5 PEUCIEEZLIZ RN E B3 D725, T= Teehsol TV
TK=FN3HE ¢ LIEPTE D, Floy T=TnpllBVT, =1 2F D 7R 100% L 2213 THD, £
DT COWSIERE [T T = Top/ K g 11 ORIATHY L, ZHROBIES 5 = £ T Equation 4-2-
-1 BRREAET D, ZOREHWTHE LT log ¢vs. Teeso ' BUTIBWT, yUIAD AH/ RTwp & 725728, 20
B HAEHIN AL T EARR LT D B OB (= AHgesal) 2 BH LT2,

{LA 1n, 2n, 2-F, 3-n33 108 3-F CIUH L7z [BMIMI[TFSA]S* /L0 Toso 7> B> Equation 4-3-2-1 % 10T
57z Schroder—van Laar plot % Figure 4-3-2-6~4-3-2-9 2, Z Z /) B FH U 72 AHgeso & 23V 27 RAET D AHup,
% Table 4-3-2-1 [Z7R T,
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~8Ba o0 ~@. Same.
2t X N 2+ Bee
- - %“\p‘
S8 |- ~ <3 | ““‘%
2 2
24t = 4 L ®24:logg=—191%x103T-"+3.91
S ® 1-6:log p=—2.53 X103 71+ 6.21 S ® 2-6: log p=—1.98 X 10> 71 + 4.12
S5 I a . - 3 -1 = F
® 1-8: log ¢ =—2.01 X 10° T +4.07 ) 2-8: log f=—2.10X 10° -1 + 4.41
. = _ 3 7-1
-6 | ®1-10:log ¢=—1/74X10°77 +3.24 6 F®2-10:log g=—3.39X 10371+ 7.85
3 = _ 3 71
4 1-1%: Jog p=—230X LT 14 443 5 21208 9528851007 + 6116,
23 2% 27 29 31 33 335 23 25 27 29 31 33 35
10371 /K1 103Tgel_sol‘1 /K1
Figure 4-3-2-6. Schrioder-van Laar plot in Tgeso of Figure 4-3-2-7. Schréder-van Laar plot in  Teelsal
[BMIM][TFSA] gels formed by compounds 1-n. [BMIM]|TFSA] gels formed by compounds 2-n.
0 0
_l-“‘~_{§ -1 F ~~~~~~
2 | s %.‘ il 2 F T~ g = ...-. -
<3t ‘ <3t e ) @-
) o0 S
S 4 | @36 logp=—1.16X103T, ' +1.86 24}
® 3-8: log ¢=—2.03 X 103 Ty~ + 4.10 ®2-F: log p=—1.63X10° T +3.32
3 3-10: log g=— 1.89 X 10° Ty iy ' + 3.65 S [ @3Flog =—2.06X10° T +3.64
6 | 0312 log g=—1.61X10° Ty~ +2.67 6 |
_7 1 1 _7 1 1
2.3 2.8 3.3 2.3 2.8 3.3
1 03 Tge]-so] - /K_] I 03 Tgel-sol ~ /K_l
Figure 4-3-2-8. Schroder—van Laar plot in Tgeso  Figure 4-3-2-9. Schroder—van Laar plots in 7gelsol of
[BMIM][TFSA] gels formed by compounds 3-n. [BMIM][TFSA] gels formed by compounds 2-F and 3-F.
Table 4-3-2-1. Thermodynamic parameters when [BMIM][TFSA] gels transited to sol.
AHm.p, Ang]-sol AHm,p. Angl-saI AHm.pv Angl-sol
Comp. iymo /kImo  S°™P /iimol!  /kImol!  °™P /kimol! /kJ mol”
1-3 28.1 34.4 2-3 43.0 22.4 3-3 N.D.
1-4 21.1 No gelation 2-4 31.6 243 3-4 N.D.
1-5 39.1 23.7 2-5 40.9 50.6
1-6 30.2 43.9 2-6 28.8 25.8 3-6 30.6 12.7
1-7 41.1 31.5 2-7 38.9 32.2 3-7 29.8 25.5
1-8 26.7 27.4 2-8 38.6 31.8 3-8 28.1 28.2
1-9 47.7 59.1 2-9 52.5 51.8 3-9 29.5 25.1
1-10 52.5 22.3 2-10 66.9 57.0 3-10 27.5 24.8
1-11 50.9 46.6 2-11 544 18.4
112289 305 212 1 610 449 312 164 240
2-F 49.2 25.8 3-F 40.7 25.9

N.D, means cannot be determined.
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=T, ALAEW 2-n BEV3-n (n#£ )IZDOWNT, AHgelsol & D AHnp DR R E N LvG . [BMIM][TFSA]Z /v

DI RERALOWERTEIRIE L UCTFET D LB SNz, —F T, LAY 1-n 8 L TU3-8 TlIAHgel ot 3 AHmp

LD REWZ LD, [BMIM][TFSA]Z L OIBNAZEREE L THEEL 9 B LR sz, £m, 7%/

FEOKEBRA DO % 7 v FBEB LAY 3-F i3 monotropic SmA FHZ 45 Z &b, AHnp R EL 7R

STWVBNR, AHsmcaso ZEE L T HAHgesol & D REWD, 7 v BAENBI BRI A2 G 6@ < LR
Shi-,

Wiz, B7 <V U LEEFRT = =)VRTIALAITH DG 4n, 5-n (n=4, 6, 8, 10, 12) TIZAL L 72[BMIM]
[TFSA] 7 /LD Teasol % Figure 4-3-2-10, 4-3-2-11 [ ZF NI T,

FIACEN T Ofls O/ SRR LT, {EAY 4n TER L7Z[BMIM][TFSA] 7 Vv L D LAY 5n THERL
T T NDITI, Teesa BRI T2, F72. [BMIM][TFSA]Z /LD Teersor 11, IREAK I X 0 iz L, K
B 7 )V S JVAH D RSB D LM LT,

140 140
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O |©]
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Figure 4-3-2-10. Gel-sol transition temperatures of Figure 4-3-2-11. Gel-sol transition temperatures of
[BMIM][TFSA] gels formed by compounds 4-n (n = [BMIM][TFSA] gels formed by compounds 5-n (n =

even). even).

(LAWY 4-n, 5-n TEAL L7Z[BMIM][TFSA]Z /L @D Tyesol. 7 VALK O & Kbk 56 885 O Bf% % Figure 4-
3-2-12 1R,

&0



B
e~
0

LRAEWET = = )VRT MEHITIRL LTe A A ARIR T 0 OB & R T

160 300
4-n 5-n
140 260
9 120 %)220 L
B °
5 100 180 L
2 80 Q140
oy [=5
g€ £
= 60 = 100
40 60
20 L 1 1 1 1 1 1 1 20 1 1 1 1 1 1 L
3 6 9 12 3 6 9 12

Carbon number (n) Carbon number (n)

Figure 4-3-2-12. Phase transition temperatures in a bulk state and 7ger-sot of 5Wt% propylene carbonate (PC) gels and »-

octane gels versus carbon number of the terminal alkyl chain. Black, orange, green, and red points indicate m.p., Tsma-

N, TN-1s0, and Tgersot of S5wt% PC gel, respectively.

fEEW4n, 5-nDELLHIZEBNTS, R E Tesa WRTZEBZRLIZZ &0 D, HIenb T LRI+ &
FHELTWDH X IICAAD EHEE LT,

Z 2T/ 7 RETOMEBIER L 7 — VB E LT 572012, LAWY 5-nEp L7 PC 7LD
Tyetsot 2> B> Equation 4-3-1-1 % VT 7= Schroder—van Laar plots % Figure 4-3-2-13 12, Z 2 BB H L7
AHgelso1 & 75V 7 JREETD AHmyp % Table 4-3-2-2 12738,

0
-] #’*Tw‘%—
2t Ve o
<3 r
&
2 4 L e4d:ilog g=—128X10° Ty~ +2.03
© 4-6:log p=— 117X 103 T,y + 1.88
"5 [ @48 log g=— 126X 10° Ty + 1.81
6 | ®410:log g=— 144X 10° Ty oy +2.27
_7 L L
23 2.8 33
103Tgcl-snl—1 /KVI

Figure 4-3-2-13. Schroder—van Laar plots in Tgersot of [BMIM][TFSA] gels formed by compounds 5-n (n = even).

&1



FATE  LREEFMRT = = VRT IALERITIERR L ToA A AR L OB & RS T

Table 4-3-2-2. Latent heats of melting and gel-sol
transition with propylene carbonate added compounds 5-

n.
Compounds ~ AHmyp./ kJ mol™ AHgel-s01 / kI mol™
5-3 26.5 No gelation
5-4 23.8 17.0
5-5 234 24.0
5-6 24.2 15.2
5-7 22.9 14.5
5-8 28.7 14.7
5-9 28.6 21.5
5-10 27.2 17.3
5-11 31.1 No gelation
5-12 17.7 No gelation

AHmyp. and AHglso indicate latent heats for melting
detected by DSC and ones for gel-sol transition
calculated from  Schroder—-van Laar equation,
respectively.

LAY 5n 12 X 2 [BMIM|[TFSA] 7 VOB RO I TR s b O MELZEIRRE L L THEM T LN TR Y | &5+
BILEMZ L D7 AL DERIEY &ir o7z, —J7 T, PC IV TiE SmA HH RO BHEENBN 2 HFRIC
T2, [BMIM][TFSA] TIZEN AR E SN/, UL, 7~ B B O bicT S L TRy,
[TFSAT £ 7<= U VBB ELL HERELRIBTE— AL 2o TWDHH T, [TFSATDETAICEE L
T = UEBREHBENRNIRIE 2> TVAHZ IR LTV LRIESND,

44, A F RSV O LA T D — N R TRER S B A
REITIL, AW 1-8, 2-8. 3-8, 3-FITHFH L UTHo=EREMEMNAE & FtHEESESSEOER > RT,

441 AFARIET VD LA O —FeE

LAY 1-8, 2-8. 3-8 B LT 3-F TARKL L7z 5wt% [BMIM][TFSA]Z /L 0 1 & Gk MERIE O F5 5 % Figure 4-4-
1-1~4-4-1-4 |Z7R 7,

TE AR TERI E 23T 0.01 rpm 2> 5 50 rpm 3 CBYHTEUEE A A X W72 12 0.01 rpm 3 CBY T 2
ML EIT, MEN DIFERBEL RoT & FXY et —L WO RRNLREENFEET I LR
%o 5wt% [BMIM][TFSA]Z /UZEBWTC, (LAY 1-8 TR L= b Dk, SIMEiE CHREMIZIE—HL-Z &
NHFHY b —HE2R LTSI LR Lz, —RMRES T /LRI L VB LTI= S iz s vk
AEEOB CHBLIC IV RBRET2EEX 5N TWATH, EARMICEEN 7 MEICEENICT 5T 50T
TRV, —FT, F%Y br b —%2 RT3 7 WEE E S AR OB BEERICER U L7 v
PHERCHEMEEZRTZLICI D FAREANEETE2LEZ 60 TWAHM, (LEW1-8 TR LS VI
OWTIE, IFF B ULLKET=F 0 BINVALANZ T vy e 7ansZ izl FF Y brE—033H
L7z ATREMEDS R S L7, (LG 1-8 1T A L L Rk D B CAM b E L & 256, 7 VEHRIE & O AAE
Bl mn RZ X o FICE D 6D TH DD, ~IL TN F T ILF L RET L XLEHN R 7 U —72
2=y FEFELSED, ZO7D, SV TZFa T AFNURERICLD[TFSAT DO b T v B BRI > TV DA
HEtER B 5,
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Figure 4-4-1-1. Steady flow viscosities of Swt%

[BMIM][TFSA] gel formed by compound 1-8.
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Figure 4-4-1-2. Steady flow viscosities of Swt%

[BMIMI[TFSA] gel formed by compound 2-8.
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Figure 4-3-1-3. Steady flow viscosities of Swt%
[BMIM][TFSA] gel formed by compound 2-F.
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Figure 4-3-1-4. Steady flow viscosities of Swt%

[BMIM]|TFSA] gel formed by compound 3-8.
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Figure 4-3-1-5. Steady flow viscosities of 5wt%
[BMIM]|TFSA] gel formed by compound 3-F.
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4.4.2. RCHIBEEEIEE
(L&Y 1-8, 2-8, 2-F. 3-8 BL N 3-F CTIEAL LT- S5wt% [BMIM][TFSA]Z /L DR 7 4 B —(FF P Z -~
A 7 v A a—7 (Digital POM) TEIZE L 7= 58 & Figure 4-4-2-1~4-4-2-4 | TR,

Figure 4-4-2-1. Image of 5wt% [BMIM][TFSA] gel Figure 4-4-2-2. Image of 5wt% [BMIM]|[TFSA] gel
formed by compound 1-8 observed by a digital POM (x formed by compound 2-8 observed by a digital POM
500). (x 500).

Figure 4-4-2-3. Image of 5wt% [BMIM][TFSA] gel formed by compound 2-F observed by a digital POM (x 500).
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Figure 4-4-2-4. Image of 5wt% [BMIM][TFSA] gel Figure 4-4-2-5. Image of 5wt% [BMIM][TFSA] gel
formed by compound 3-8 observed by a digital POM (x  formed by compound 3-F observed by a digital POM (x
500). 500).

Digital POM B2 DOFERN S, (LAY 1-8 BL O 3-8 TR L7127 LIS W TSR BTV 26 2 ik
DOFEE MR L=, (LAY 1-8 TR L= 7 VTR CE -k 2 ha k7 5 (Figure 4-4-2-6) &, < /L& 5%
BV HMR L D, — 8O A A L T D ATREMEDSRIE S 7z, B & VAR O Ry RiCE
WTaaA RS (Colloidal gel) 0V A b a vy 7S CHEGR CTE D& TH Y . F LA B &1L SmA-like 72
JEtiE A & D L TPTE D720, THITEE L S ALRIOMAEFERIC LIV EBE L TWD EEZHND,

Figure 4-4-2-6. Enlarged view (x 2000) of Figure 4-3-2-1. The left and right images have been different shutter speeds.

— T, ALEW 3-8 TR L7277 /WD T, EEW 1-8 TR L= O & RIEROAMR S BIER T E 712735,
Z OMBE P HERSAEDO L D REE L 572, ZOZEND, WHERSAEROEEAF XY Fr e —MHo
FEEUTRT U TARRNZ 7 & < AIREME RS R S b, £7-. B Ok ERE D SmC-like 724i&E ThH 5 & THIT
XL, BEGEEKRICBITZTVNAL T IVME~G 2 2EBER 7 7 74—V ELEEZ NS,

b=l ft’a\% 2-8 TR L7 Mz o T, ke e Bon o2l Ml tE e, itk &
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Fawm REEBT x = VR NMEEITIERL LT A A LRI L B L &R

BEBT = = VT AT MZET 2BEEREDOREMEIC K - TH CHAMBEN R LR D Z L Bbind,
Mz T, ALAWY 2-F TR LI 7L (LG 3-F T LT Vid, RS EEEA LTV aD 2 & 3@
T&7, LML, ZhbiZFxY bebt—2FT5720, B E S ALFIB CHAEFERABREILTHE &
26D, ALEW1-8 LITRR L7 AL TH D LR END, 22T, kAW 2-8 TER L7271V Ok
HEREARITLEY 2-F 121 LAY 3-F TR L F LV OMHERES R L L TBETH -2, 20, i}
HER DA EROBREIZ[BMIM] £ 72IX[TFSAT B T v 7252 TFF Y b B —% 3B L= REENE 2 5
nad, 2okH, SRR O T A a T R VI E T ERS T IVIERKRRO B CMBRMEICE S LT\
WEDIZA AN Ty FLTFFRY bub—2 B LEEEZOLND,

UEXY, FXY brEY—%2FT2avA( RIAVOFBKIZILZ, =FFF4 ety Z7iEEE T SmA HHEF#EEL
THZENBRTDEEBEZ LN, B LIEanA RPVEBNENICRETHD Z ENRBEND,

4.5. FHRINAST DIZ E DA A ARIES VI BT B{LE Y O EHEAT
(L& 1-8, 2-8, 2-F, 3-8 15 L. 1) 3-F TR L 7= 5wt% [BMIM][TFSA] 7 /L D 2R IRIMEIN (ATR-IR) A
k /L% Figure 4-5-1~4-5-5 |[ZZF IR,

“’\w%\ PR WP g
) Powder\P W \J"’ V VWAM
,\IPowdj\r/ L W/\/\[ Powder
- e "‘\ 2 AR cl s N = T
\, [ - f LA
|| !
| | I
\| i
- \/! [BMIM][TFSA] \/!
— v e
[BMIM][TFSA] \ [d\
: \ f
i “~ YcCinPh dciinph VerF—
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Figure 4-5-1. ATR-IR spectra of  Figure 4-5-2. ATR-IR spectra of Figure 4-5-3. ATR-IR spectra of
compound 1-8, [BMIM][TFSA],  compound 2-8, [BMIM][TFSA], compound 2-F, [BMIM]|[TFSA],
and Swt% [BMIM][TFSA] gel. and 5wt% [BMIM][TFSA] gel. and 5wt% [BMIM][TFSA] gel.
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T ] T
! W | \W\ﬂﬁ
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_ Vc=0
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Figure 4-5-4. ATR-IR spectra of Figure 4-5-5. ATR-IR spectra of
compound 3-8, [BMIM][TFSA], compound 3-F, [BMIM][TFSA],
and Swt% [BMIM][TFSA] gel. and Swt% [BMIM][TFSA] gel.

[BMIM][TFSA] Wy

Ve=0
i

9. ALEW 1-8 B L UMLAEY 2-8 TR L 7= 5wit% [BMIM][TFSA] 7 /L@ ATR-IR AX7 L% LRiig U 7=,
A& TX [BMIM][TFSA]D A7 ML P LT b D03 E B, BB IL[BMIM][TFSA] LAY DL 7 IREED
AR MNERLEDLEIELE IR LD ThHo7, ThHb, {EEW 1-8 TEM LS MIZBWTLEYD
[BMIM][TFSA]HF T L TV AIREMED R X1, L& 2-8 TR L7 Vb a s m G R EZ K
L TCWADRBEMEDRIE ST, AT, {LEW 1-8 TR LTZ7 LD AT FUIZEBWT, [BMIM][TFSA]Z
k3 2 B —27 Oz 1604 cm™ & 1734 em™ L IZE— 7 2R LT, 251 DFT IC & D IREGHE » SRl
X, (LAWK I NR=NVIERED 7 = = L FhO C-C HHERE (vecmm) %81 C=0 MHEHEE (veeo)
IR LI, Zhonb, FbAIO7 == LV EBREBE L TWDEaBNFEET D LR END, £07®D,
TFALFIAE O CfkbiE rr A Z v XU TIc kb0 EEZ NS, —H T, LEW2-8 TR LIZF L
DARYT MUZBWT, \LEWH KD C-F MfEiRE) (ver, 1279 em™) BT w— MMe L7z, T, B4
TABMPIZ LY . AT A a TR VIR T 2 R — PR AR E W e B2 b s,
— 5T, [TFSATIZHKT A7 D7 MIRLNRZN o722 Enh. FIMEBIEENE 7 v 4T AR
X o CTH AL U7z rTREME S RIS ST,

Wiz, LAY 3-8 38 L OV 3-F TIEAL L 7= 5wWt% [BMIM][TESA] 7 /W3 L& 1-8 TIRL L= 7L & Rk D 23
7 MRELIT, 20D, (bEMEILOE M bIZ e A2 v X ZICER LTS B2 6015,

£7-. (LAWY 2-F TIERL L7z 5wt% [BMIM][TESA]Z Vi bEW 2-8 TR L= B L7z A2 hL
NELNTEZENDL, FAEHRIBFIZE IV A T AR L > THCHEMIELTWE EEZ BN D,
[TESAT KD ver D7 10— W EHLFER TE 2 2 &M B[TFSA] & b HlD 7 v A4 v 7 5 VIO CHAME
FASE & TV D ATRetE 2 R S iz,
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4.6. PFG-NMR {2 & 5 A A ARIK— 7 W ALFIFEHE B EH OHEE

AETIX, A AR DA A E T ACAIRICE < BEAEHZHEET 5729, PFG-NMR I X % H LK
BEOEE#IT-72, Z 2T, [BMIM] £ 7213 [TFSATH KD H CHEBAERE A 7 AL LIRS BAL R H D55
AFTHER T ALA EFHEAERZ R L THW D AREENRE 2 b,

W ARl & B CYERRER D IXLL T2~ Stejskal-Tanner O L - TRk & 5,

E@6,g,A)=S8/8 =exp [-7’¢**D (A-56/3)] ... (Equation 4-6-1)
(S / So: signal intensity ratio, y: gyromagnetic ratio of the nuclei, g: gradient strength, J: gradient length, A: diffusion
delay.)

ZIZTC, g 6 AMTHIEICKIT DREME 72 D720, log(S/So) vs PP (A—-6/3)& 7T ay hT 52 L2k
ZOMEE L H OB D 2 RDDZENTE D, — T, A A AEERLT NI ERENRE NS DT
PFG (2 A L EEMWTHIET 22 L1102, KRERTIIIHLZBHM LTz, 2D & X, Equation 4-6-1 1
LT X icitidEsh s,

E 0, g,A)=S/80 = exp [-?g?*D (4A— )/ *] ... (Equation 4-6-2)

(S / So: signal intensity ratio, y: gyromagnetic ratio of the nuclei, g: gradient strength, J: gradient length, A: diffusion
delay.)

RIS, In(S/S0)vs 2P (WA-0) /a7y hFBZ LIk, ZOEENSHCOIERRE D ZRKDDH &
WTED, RERTIX, 6, A ZFEEMEE L, g w9352 L THE, &7 v RBREEFBRT MEAIZBIT
% H (chemical shift = 8.39 ppm; Imidazolium cation of [BMIM]", 6 =3 ms, A=50ms, g=0.1-3 Tm™") B L °F
(chemical shift = — 80.2 ppm; —CF3 in [TFSA]", 6 =3.5ms, A=50ms, g = 0.1-3 Tm™") &R CHIE L= G b7
diffusion plot [In (S / So) vs y°g%0* (4A— 6) / n*]% Figure 4-6-1 [ ZNZHRd, £72, 27T 7S MHES
Nl 54> (‘"H) &7 =4 (F) © B LIRS % Table 4-6-1 127”77,
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Figure 4-6-1. Diffusion plots of [BMIM][TFSA] and 5wt% gels formed by compounds 1-8, 2-8, 2-F, 3-8 and 3-F, which

is determined with 'H (left) and *F (right) nucleus.
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Table 4-6-1. Self-diffusion coefficients (D) of [BMIM][TFSA] and 5wt%
gels formed by compounds 1-8, 2-8, 2-F, 3-8 and 3-F.

Samples Dcanon / 10- 1 2 _1 Dani(m / ]0_” m2 S_l

Neat [BMIM][TFSA] 3.22 2.19

+ 5wt% of 1-8 3.14 2.48

+ 5wt% of 2-8 2.93 233

+ 5wt% of 2-F 2.96 2.46

+ 5wt% of 3-8 2.74 2.24

+ 5wt% of 3-F 3.15 221
'HEHEIZIB W T, [BMIM][TFSA]D Z0 H CALHFREL (Deation = 3.2X 107" m? s L L EH 1-8, 3-F TR L 7=
TNHTOH CHEBEREL (Deation = 32X 1071 m? s YA —FHK L7272, [BMIM]'AZ MMEANZ R T v B 7

SN TWDAEEMENMEV, £, L&Y 1-8, 3-F L [BMIM][TESAIZEBWT, I F4 > — 7 b A oFd
HERHIFEZ s TWenwemeahns, —5 T, (LAWY 2-8, 2-F TR L 727 /MZ DU TEX Deation = 2.9 X 1071
257 ALEW 3-8 T L2/ 2OV THEL Dation = 27X 10" m? s Th o7z, T XY | [BMIM]' 235
MEBIDFEFRICN T v T ENTZZ EBXRBEND, LvL, {LEW 2-8, 2-F IZoWTi, ATR-IR 12X %1%
SRR O B CMBE BB T VAT AR L D7D, TR O o ETRT7 U —IFEL, £Z0OM
TOMEERICERT 2 W25, —FH T, (LAEW 3-8 IOV TITH ORI mn 2% v ¥ FHEEHIE
LTEBY, (kA28 2FDL 77 ) R aBE I > TBMIM]'2S b7 v 7 ENS b Tidin, 207
b, HFA L DERHEEICAYIATr T &2 X > T Figure 4-4-2-4 TR L 72 W62 RGP 2 R o Rk o 3 8L
BN S LEZ B, MRS A IRIZ X > T[BMIM][TESA]ANE Y B & L CHERUE AL L= Tl < .
TIALRIDREEZ Ty T U EEOBEELSNE EE A D,

F7-, UFERICE WV CBMIMI][TFSA]D 7 H CHEBEREL (Danion =2.2X 107" m?s7") L {bE4H 2-8,3-8,3-F T
TRk Lic 7 LA ¢ H CHEEURE (Danion = 2.2X 107" m?2 571 2 —E L2729, [TFSAT A7 IALFIC b T
B 7 ENTWSATREMEDNMEY, T 078, (L&Y 2-8, 3-8, 3-F £ [BMIM][TFSAJIZE\W T, [TFSA]—~ /L1k,
AEOHBEEMIEZ s TWienemizasid, — 5T, LAY 1-8,2-F TEK L7277 WIZ-DW T, Danion =
25X10M m2 st kot THOOHECHBMEIY o A F v & U FICEINT S & ATR-IR 12 & 2 HE MR~ 5
HELTEY., HEMBEICEE L Thian 7 rd o 73 LI L A[TFSAT O + 5 v 7R TRIS 528,
TEBRE S UL LRI ER L2 b b T v LT biFTlERaneEx RS, £, ki 1-8
WZDWTHRETT 5, Figure 4-3-2-6 KV avaA R LELTHFELTWARAREERH 5720, iz >0 THE
Z % &, KT T van der Waals fAERCREEMAAMEMMB <, Z 2T, [TFSA] & Z LA F O 7 041
TNFRNECE DB TN T ZAHRNBFEET D ERELIZEE, 7y FERFITIHTERD X 91T London 531 7)
WEBDAZ 7T 2ZLIFETET, BT —PBTHEERICL > TRELTWDI R IR A DIH T
VAT ARNRFEBT B0, [TFSAITHEDOFRART vy RORE LBERIRMEEIZ X H[TFSA] & 7 A T )L
XD KB ET DT DICEEFEH & SBUEHOM A RFERAIZE Z 2729012, HIZMBIZEH L TWD K5
WHZH5EZE26N5, ZHIZXEY Duia PR L EHEE L, — T, L&Y 2-FIZoWTIEHTI VAT
AR L > THCHMBE L TV, 7y HRRTFOL SRR L TEEW 1-8 TR Z > 7258 K 21Tk D
FHEEBEZBND,
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Wiz, &7~ 2 BERSE T MEANZEIT 2 H (chemical shift = 8.39 ppm; Imidazolium cation of [BMIM]", 6

=3ms, A=50ms, g=0.1-3 Tm™) 35 L O '°F (chemical shift = — 80.2 ppm; —CF3 in [TFSA]", 6 =3.5ms, A=50ms, g
=0.1-3 Tm™") & HE THIE L 7= 5215 5 7= diffusion plot [In (S / So) vs y2g%0* (4A—0) / 2] % Figure 4-6-2 |- F N7
WRd, £z, TOTVZ7OBEE NG LNIAT AL (H) &7 =4 (F) O H CILEfRE A Table 4-6-2 12

i_\‘—g—o

-0.5

-1

e

L5
- G = 25
S -2,
lH % E‘%?M 19F
3T ONeat 048 O5-8 “ S - ONeat O4-8 O5-8
35 | 35
-4 1 1 1 1 1 -4 1 1 1 1 |
02 04 06 08 1 12

0 0.2 0.4 0.6 0.8 1
1011 52g%5% (4A — ) w2 / s m™>

1.2

1011 2g%6% (4A - ) w2 / s m~>

Figure 4-6-2. Diffusion plots of [BMIM][TFSA] and 5wt% gels formed by compounds 1-8, 2-8, 2-F, 3-8 and 3-F, which

is determined with "H (left) and '°F (right) nucleus.

Table 4-6-2. Self-diffusion coefficients (D) of [BMIM][TFSA] and 5wt%
gels formed by compounds 4-8 and 5-8.

Samples

Deation / 107" m2s™!

Danion / IO_” m2 S_I

Neat [BMIM][TFSA] 322 2.19
T 5wt% of 4-8 2.63 1.76
+ 5wWt% of 5-8 251 1.93

'HEFEIZB W T, [BMIM][TFSA]D A0 H CHLHEREL (Deation =3.2X 107" m? s & {5 4-8 TIERL L 727 /v

DWW T Deation =2.6 X 107" m2s7!, {LEW5-8 TR L7272 DWW TCHE, Deatin=2.5X 10" m2s ' CH -7z,
TAUTE Y [BMIMI'DB T AEAIDO G EFRIC N7 v SN2 ENTRBEND,

F72. PUFEMEICEB WV CBMIM][TFSA]D 0 H CHEBEREL (Danion =2.2X 107" m? s & (L5 4-8 TR LT-
T IAZDW T, Danion = 1.8 X107 m? 571, {LEW) 5-8 TR L7257 MZ DWW T, Danion = 1.9X 10! m? 571 &
mole, T, 7 vRRITMEAE TR TERISFHRICT7 vy BRFERAL TRV L5
[TFSA] & Z/UALRID b T » 7138 212K L. [BMIM] & Z AL T D b T » 712 X o THEBASHITR & 4,
[TFSAT & [BMIM] DA F > RIFAAEAIC X > T7 =4 > HIEMAHIR S - L #EE LT,
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4.7. /R

AETIE, F2ETARLELEER Y = = VA7 MLHE & AR CNBEMR L 7= i s L i
L2 AT VBT 2 BWEOREIERAT 208 L T, b OB ERE L EMIT N D 7 /U kicBiT 5 A
CHEEZFE LI LT E | S OEWNE ST 72,

FT. A7 v RRLZBEFRT = = VRTMEAITH 2(0E5W 1-8,2-8, 2-F, 3-8, 3-F IZ DWW\ T, {LEH 2-8, 2-F,
3-FiZ X 5 [BMIM][TFSA] 7 /v DIER A R b O HEZ EIRRE & L TALEHIT s olzxi L, (EE 1-8,3-8 1T
XD 7NV ZEREE LTHEL S 5 EHEE LT, £7-. Zh b Digital POM B2 6, {LE1 2-8, 2-
F, 3-F TIZRK L 72 5wt% [BMIM][TFSA] Y /L Tl HER S B ROk A g L7z oickt L. b6 1-8, 3-8 TR
Al U727V CIEOE R R ITPE A2 & OWRIR Ok O R 2 MR L=, FiZ, (LEW1-8 TIIDHIRETH Y |
YNUEFFENE—UPBETELL b an A, RIVOKRMETHDL ERBIND, £, 5wi%
[BMIM][TFSA] 7 VD LA U—FpEN S, {LEW 1-8, 2-F, 3-F TR L=/ LV TlEF XY hrb—%kKoZ
EMbhoTz, ZI T, ATRIRICE DT EIToT2L Z A, LAWY 1-8,3-8,3-F Tldnn A ¥ v X 7T
XoTHBHBEL T b izt L, (bEW 2-8, 2-FIZBl 7 AT 2 RIC X > THSHEME L T2 L HEE
L7=. &5HIZ, PFG-NMR 7> (LAWY 3-8 1Z[BMIM] S UALFIS 2 b7 v 7 &N TEY , {kEW1-8 & 2-F
TIX[TFSAT & Z ALK T ORI T T EFRABE D . BT bIERLTWD L ICR A D ERE I,

Wiz, &7 <V VRBERT x = NVRT LA TH D6 4-8, 5-8 TIZAL L7245 /L0 PFG-NMR % VT
T LI=& 2 A, [BMIM]" & Z VRIS TFD R T v TR Z > TE Y, [TESAT & ZFALHIS TR DIz
Wz, [BMIM]'®D k7 v 72 Lo THRAHIR Sz, RIS TFSA] DRk b HlR S vz L HEE L
77
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E5E J0O A A URADERE &K UEEYMEETHE
ARFETIL, BOKED» ST e b AGEMRE WD, — RT3 M TA3MEICRZ DH 7204 A kIR =GR
L. U3 A EBEW M SV TR L7 fE Sz ST,

51. fEE

ILs 1Z, WHARVEZILFET A A0 CO iRkl e L TOIRHBBRI S TBY ., 2OFTHL 7 e b AR
PHEEF-EL LIk -T (1) BEERAHEMRESS (2) (BPRINEMIRIND A 7Y v R CO2 WK
~DOICHNBARE LB X BIvb, £ D7) T, Bronsted f% & Bronsted Hi 2 D I G K - T One-pot T 541
5\meky%4ﬁVW¢(mmmmmmm@mm@J@ﬁ%ﬁﬁbnfwto:h X0 REE M OTEY
B COz & OENIFEE I X DIEFWRIN DR E WS ToRA[REIZR D LB 2 b, ED72)ThH, FiRfEk
Tﬁ@#éﬁ%@ﬂ%ﬂ%m%®@@Em@ﬁ%#%ﬁéhfwtPms&Lfﬁmﬁﬁ&gﬁﬁ%mbt
N, N-diethylmethylammonium trifluoromethanesulfonate; [dema][TfO] (Figure 5-1-D)23ZFF STV 5, TV,
WA A AMREE4 1 mS em™at 120°C) &7~ L, Hoy/Ox BV OBGEN (B EM T O biE ¥@ﬁu)m1m
Vvs. RHE (at 150 °C) CRMIHLZE L TV, BEROEIEBEMFENL (1.23 V vs. SHE, at 25 °C) & iz L THIFF T
EWWEREZ B LTV D (Figure 5-1-2), — A T, 7 =F U FEDBBUKMETH 2 23812 [dema][TIO) & BlkMEE H L

@ _II_ @
{\/EI\/ FsC (IS5 @)

Figure 5-1-1. Chemical structure of [dema][TfO].
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t/h E/V vs. RHE
Figure 5-1-2. (a) Time dependence of OCP for a H2/O2 fuel cell using [dema][TfO] (mol/mol = 1:1) as electrolyte under

non-humidifying conditions at 150 °C. Inset: Continuously monitored OCP as a function of time. The gas (Hz and O2)
flow rates are 2 mL min™. Cited from ref [2]. (b) Cyclic voltammograms for [dema][TfO] at 10 mV s™! and at 150 °C.
Working electrode in a Pt-wire in Ar/N2, Ha or Oz atmosphere, counter electrode is Pt-black wire, and reference electrode

is a Pt-wire in H> atmosphere. Cited from [2].
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5 7 koML AR OE R X O MG
TLEW, BREHEMIGMZB T A ERMIIEM L CLEI E V- 2MBEERH B,

FIC, RETIH, WEMAE] G L2006 THkiE] 2572, —RI2LMART2MHEAAT D B
KMEEFF>7 1 b AEA 4 K (Hydrophobic and protic ionic liquids; HPILs) | ®OBHREAZ B E LT, HFA4
NCHFBWRET I vk, T =402 TENH Z#IR L T, RIS K » THi/z 7 PILs # &/ L7 (Figure 5-1-
3), AU, BEREKO BTN L7 ST EBMEC tn M EMEH, TENH OFKG F U 7b41m 2 F LRk
DEFLFIER L THRMEEZRF O LHIFTE 5, I 5IH 67 HPILs ORtEOREE, A A U ARERHER
H CHREER S & W o 72 B OR M 2 1T - 7,

0 0 = 0O O X
S0l le. Lol |
FaC I"N"11“CF,4 N FoC 1 "N" 1 CF, ﬁx

| 0O O b O O \ 0O O
[2,6-Lut][TFSA]
[2,4-Lut][TFSA] [2,4,6-Col][TFSA]
303 508§ 8o38. .8.9.8,
i N TN I 1] @ C 1"N" 1 CF
H’E% FsC~ L N e /Eg FoG I N"IiCFy \/Eg/ FaC 1N "I"CFy N2 SN B°CFy
[2,6-PrAN|[TFSA] [N,N-Me,AN][TFSA] [N,N-Et,AN][TFSA] [N,N,2,6-E4,AN][TFSA]
Figure 5-1-3. Chemical structures of HPILs.
5.2, SEBR
5.2.1. &3

AL, B b L EKA D%, Sigma-Aldrich Co. LCC., ML LEKERXDH:, E17 ¢ L AFHiZk
Bt T 74T A 7RSSO 2 g2 - A< ER L,

522, ME

a5 E I8 (Nuclear magnetic resonance; NMR) A7 k)Lt HARRE NS 8 0O IMN-LA500, JMN-
ECZ500, INM-ECA500 (4=°C 500 MHz)®D W3 U232 CHIE L7z, HIEEE L CDCL (NERIEHE CH; in
tetramethylsilane = 0 ppm) F 72 1% DMSO-ds (FBFE#E CHs in DMSO =2.49 ppm) 2 i H U 7=, fi#HTIZ1X JEOL Delta
NMR Y 7 k7 = 7 (Delta 6.0) 2 H L 7=,

IRIMIIN (Infrared absorption; IR) A2 /L3RRt BE R EAT R 0> IR-Prestige21 il L THIE L 7=,
HIEVEIT Specac Ltd. 540> Quest % V72 BB HIE (Attenuated total refraction: ATR)EE TIT -7z,

A F ARIBR OB L B SINA T 7 A =2 A4 HL DSCT7000X & X AoR7ZE£AEVE (Differential scanning
calorimetry; DSC) #liEIZ L D 1T~ 7,

A A BRAROREEE 1Tk 4L UBM @ Rheosol-G1000T % F V= BYOREIERTAE (AL : 0.1 Hz, {REE : 20
°C) MHEM LK,

A A AR D KA~ DIRFRENE % EBIICFHNT 572012, 1-4 27 % J — )b — k5 EiAR % (1-octanol-water
partition coefficient; log Pow) DHEE Z 1T > 70, HEEFIEIL IS HAEENCHIY | 1-4 27 & ) — )V L KDOIREGTER %
3:1, L1, 13 (vollvo) O =FFHE L, ZOHICA AR IEEZH T L THE L NREAFRB R - fE L%
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FHE T b MEA A ARIRO GRS KOS M
BB IR 7 v N7 Z 7 ¢ — (High performance liquid chromatography; HPLC) (Z & 2 #MiBEEH#EIRIZ X » THEE
L7z, 728, HPLC ISt B EF o HPLC == v + (GRIMATR LS (UV-Vis) KiHSs : SPD-
20A, AT L= b —F : CBM-20A, 5T LA —7 2 : CTO-20A, 5T A : ODS-H, == b :
LC-20AT) ZfH L. BEFRICIEZ HPLC 1 99.7% A # / —/v (& L7 ¢ b AFIEMiEE T RS f & 7o 138
R LA 26 L7z, UV-Vis & O & % 290 nm, BEIMHOEREE Z 1.0 mL min™' & L
T

A FARIRD B CPEEAR BT R R GR 7' — 7 (HARTE TS S0THSGR) 38 L ONE RS ABCER T >
(AARE RS NM-Z10149TTHGR) % 2255 U 7o BERERIEIGEERE (A AR ARt INM-ECAS00) & vy,
Wt BBl SV AT & A L, 2V ARSI (Figure 5-1-2-1) % stimulated echo [ZF%E L7273 )L A48 (Pulse
field gradient: PFG) NMR (2 & - CHIE L7z, HIEFR L OM#EHTIX JEOL Delta 5.0 V7 N7 =7 Z W T T 7=,
T — TR, A AR HIK (D=2 x 10°m? 57! at 20 °C) % W TG ARCIRE O IE 2T - 72, £7=.
NFF L BIOT =4 f0 H IR OBLIHNIL, £ H (500.1 MHz) & F (470.6 MHz) % f# % H
L7es

90° 180° 90° 90° 180° 90° 90°

IO Q= O =l

aNls  dlls
TOn T

Figure 5-2-2-1. Pulse sequence of PFG, where g, d, and A indicate gradient strength, gradient length, and diffusion delay,

RF

respectively.

2 FE LB S RS (Density function theory; DFT)EH#L1X Gaussian 16 M2 H L, ZZ#fABIIEI 2213 B3LYP %,
FEEBABIIIHES T, I T A VR, T =4 UfICx LT 6-311G(d), 6-311G(d,p), 6-311G+(d) % & L -Z LN
U OHE R b 21T, ZOBOIREFFEIC LV REIRETH D (RORBBSFELRY) T EE2MERL
Too FO%, ZZHARBINEEIC M06-2X % BJERIHIC 6-311GHQdI2p) Z IR L T— =2 L F—fHHE%21T-
770 1O =R ITCHEEHE 7 N1 GaussView 6.1 Z{F ] L7,

A F NGB T ESALHRE & AT A (Solartron analytical 1280C) % i
MU CHIGE Uiz, JE RGP A 0.1 — 20000 Hz, FVINEEA 10 mV (2% Q@%

EL, EBMERTA v B —& o ZETHIE Lz, RESIHEIL 2~
v 7 o/ NIBREEAERES SH-241 26 U CIREZ —EICRH 220 Bl
EL. EEEZIT D & % w22y 2 8oy VB ESABE SU-642 © = .

L LR A —TEITR D208 HIHIE Lz, HIE R /L (Figure 5-1-2-2) (3 Gl ke @E
<> Ptelectrode (Counter)

BRAZ LB (EREREEHS 7T v b)) AL, B —%
—I3IH T AMHEREH  CREFEHUR NS 4E GB-100R) 2 L, (EHIfG &
KT PeBR A L7z, Zds, BIEREE 2 RSOV TIL 53 M1l Figure 5-2-2-2. Schematic diagram

TrT, an impedance cell containing two-

Spring

electrode, which cited from ref [5].
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Yavax

HH5T  Tu b ML A IR OGRS L OEEE MR

523. &%
BRI EREER IS TITO, AEEMDORITIE 'H-NMR, IR TiTo72, sl E R TIE L EMDRITHR R %
15 habie

[dema] [TfO] D5k
' + FC—E—OH N© O
SN~ TR 0°C, 30 min S| [ FC-8-0
o then r.t., 7h H (0]
[dema][TfO]

100 mL A7 Z A =22 N,N-diethylmethylamine (14.5 g, 166 mmol)Z Il 2. KB CTHMTHAIL, £ 21T
trifluoromethanesulfonic acid (25 g, 166 mmol)Z il 2 Tk A /Lo 7 LA Z D H1FTOKIEH T 30 2%,
BT 7RI L=, RS TH, 7 —4 b m—)L (120 °C, 70 Pa) Z AV T—ME L CTREBEKE KD
[dema][TfO] % I 88% (35 g, 146 mmol) TfF7=, 'H-NMR (500 MHz, DMSO-ds): & = 1.11 (6H, t, J/=7.2 Hz), 2.63
(3H, d, J=5.2 Hz), 2.92-2.98 (2H, m), 3.05-3.10 (2H, m), 10.33 (1H, s) ppm.; ATR-IR: vc_r = 1059 cm™, ven = 1169 cm™

! vs=0=1298 cm™, vcu = 3090 cm™.

[2,4-Lut][TFSA] D55
5 @ 0 o
= 1 n N 3 o S
B e .S.9.5.
| ] F3c’(|85 N (“3) CFs  0°C,30min /ﬁﬁj [FSC o § %
N H then r.t, 7h |
H
[2,4-Lut][TFSA]

100 mL 7 A 7 F X @2|Z 24-dimethylpyridine(13.9 g, 129 mmol)&Z A4L, K H T bis(trifluoromethane-
sulfonylamide (36.3 g, 129 mmol)% 1% T 30 i@ L=, =\ TTIRRBHE L, 0%, 77— Lo—L
(120 °C, 70 Pa)Z VT 2 H HIBER 5| U THEEHRIAOD[2,4-Lut][ TFSA] 2 L3 90% (45.0 g, 116 mmol) Tz,
"H-NMR (500 MHz, CDCls) § = 2.36-2.42 (3H, m), 2.51-2.57 (3H, m), 7.50 (2H, d, J=7.4 Hz), 8.14 (1H, s), 12.51 (1H,
s) ppm, ATR-IR: vs=0 = 1130-1177 cm™', ver = 1327-1346 cm™!, ve=c = 1638 cm™!, v = 3298 cm™.

[2,6-Lut][TFSA] D &5k

~ 2 9 @\ Lok
S. .S [ . ~ T T
s TR ('Ss N‘RCFs  0°C, 30 min N |(Fse g N g CFe
H then r.t, 7h H
[2,6-Lut][TFSA]

HFFEHT 2,6-dimethylpyridine 33 £ O bis(trifluoromethanesulfonyl)amide % F V> C[2,4-Lut][TFSA] &[R4k D T
NEVZ X v 3548 (AR [ 2,6-Lut][TFSA] 2 U 2R 92% T15%7-,
'H-NMR (500 MHz, CDCls) = 2.56 (6H, t, J=9.2 Hz), 7.48 (2H, d, J=6.2 Hz), 8.09 (1H, t, J=8.4 Hz), 12.40 (IH, s) ppm,
ATR-IR: vs=0 = 1130-1175 cm™, ver = 1346 cm™, ve=c = 1641 em™, vnou = 3151 em™.
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H5H 70 b AEA AR D AR X OSSR
[2,4.6-Col][TFSA] D5k

O O O O
1 1 =5 1 11

Y+ eeSnten oo /@\ . -
N/ 3 OH 3 5 N le) [e)

then r.t., 7h )
H

[2,4,6-Col|[ TFSA]
HFFENT 2,4,6-trimethylpyridine 35 X U bis(trifluoromethanesulfonyl)amide % F\>TC[2,4-Lut][TFSA] & [Alkk D
FIEIZ X 0 EAB R D[2.4,6-Col [ TESA] & IR 76% THH7-,
'H-NMR (500 MHz, CDCls) § = 2.38-2.46 (3H, m), 2.53-2.61 (6H, m), 7.32-7.35 (2H, m), 11.77 (1H, s) ppm, ATR-IR:

vs=0 = 1130-1177 cn™!, ver = 1346 cm™!, vc=c = 1638 cm™, vn-n = 3151 cm™.

[2.6-'Pr:AN][TFSA] D5k

+ (g g 9 €] 9
¥ N . e ——
! FsC (':') H 6 CF3 Methanol /NG:) FaC'ﬁ\N/ﬁ\CFg
o H

refluxed for 5h

[2,6-i ProAN][ TFSA]

300 mL F~ A 7 7 A z1{Z 2,6-diisopropylaniline (13.9 g, 129 mmol), bis(trifluoromethanesulfonyl)amide (36.3 g, 129
mmol), =% /—/ L 150 mL 2% T 5 RpDER L7z, R TH, |RmLlTn—2 J —o= K L— 4 —
ERAWGTRIEEMR L2, S50, 7 =271 —)1(120 °C, 70 Pa)% AT 2 B RIBEEE L TR AR o2,6-
PrAN][TFSA] & [ 90% (45.0 g, 116 mmol) TH7=,

'H-NMR (500 MHz, CDCls) & = 1.26 (12H, d, J=6.9 Hz), 2.91-2.97 (2H, m), 6.89 (1H, t, /7.7 Hz), 7.07 (2H, d, /=7 .4
Hz) ppm.; ATR-IR: cm™".

[N.N-Me:ANJ[TFSA] D5k
0o o 0 o
S. .8 —_— $.9.5
' RCTRNRCF, T 0°C, 30 min N@ ||FaC 3 N B CFs
N OHO then r.t, 7h ~IN

H
[N,N-Me,AN]J[TFSA]

100 mL 7+ A 7 7 A 2|2 N,N-diethylaniline (15.1 g, 124 mmol)% il 2 TKIZF THDIHA L., £ 21
bis(trifluromethanesulfonyl)amide (34.9 g, 124 mmol)Z 1 2. CKIEH T 30 iR E. & HIZ=E T 7RI L
Tre BUSKE T2, 77— L1 —,1(120 °C, 70 Pa) % H\\ T Bt L CHE IR D[N, N-Me2AN]  [TFSA]% X
R 97% (48.5 g, 120 mmol) T/~
'H-NMR (500 MHz, CDCls) & = 3.24 (6H, s), 7.34—7.39 (1H, m), 7.41-7.45 (4H, m), 7.85 (1H, s) ppm, ATR-IR: vs-0 =
1132-1176 ecm™, ver = 1329-1348 cm™, ve=c = 1600 cm™, vaew = 3172 em™.
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[NN-EAN][TFSA] D455%
@ 0 9 @ o 9
4+ .S, .S._ —_—— g © §
FsC 11 "N" 1 “CFy 0°C, 30 min ® |[FsC 1 N"1 CF
~oN~ OHO then r.t, 7h SN0 o

[N, N-Et,AN][TFSA]
100 mL 7 A 7 5 A =2 (T N,N-diethylaniline (6.9 g, 47 mmol)Z 1 2 TR THylcwmE L, 21
bis(trifluromethanesulfonyl)amide (13 g, 47 mmol) Z Il 2. TKIEH T 30 L. & HITER T 7R L 7=,
BOSKE T #., 77— b1 —/1 (120°C, 70 Pa) % W T—BRjTE L TR AR D[N,N-ELAN][TFSA] % I3 87%
(18 g, 41 mmol) T/47=, 'H-NMR (500 MHz, CDCl3) § = 1.11 (6H, t, J=6.0 Hz), 3.64 (4H, t, J=6.9 Hz), 7.11 (1H, s),
7.44-7.57 (5H, m) ppm.; ATR-IR: vs-0 = 1132-1178 cm™!, ve-c = 1600 cm™, vn-u = 3125 cm™.

[N.N.2,6-EtLAN][TFSA] D55

2 eq. Ethyl iodide
e
KoCO4

NH, 3-Pentanone ~_No_-
refluxed for 3 days

+ DD —_————
FsC ('5 H ('5 CF3 0 °C, 30 min ®

~ N then rt, 7h \/E(D
[N,N.2,6-EL,ANJTFSA]

500 mL A7 Z A 2|2 2,6-diethylaniline (65.2 g, 438 mmol), ethyl iodide (136 g, 871 mmol), K:COs (30 g), 3-
pentanone 250 mL A1 X T 3 ARG L7z, BUCKE T#., SR LT ISTER B KaCOs 30 L T/ 3K
— = WL L, BE2eAl ORIl L CTrIBRIR T 5 B8 GRS D NN 2, 6-tetra-cthylaniline % 1[Y
R 40% (11.3 g, 53.7 mmol) TF7-, "H-NMR (500 MHz, CDCls): § = 0.91-0.99 (6H, m), 1.10-1.18 (6H, m), 2.64 (4H,

dq, J=25.9, 7.5 Hz), 3.00 (4H, dq, J=25.5, 7.2 Hz), 6.97-7.02 (3H, m) ppm.; ATR-TR: vex = 1257 em™", Ve ofme = 2929

g .k
F,C~ \ﬁ/S\ F.
11 1
3C oNg CF3

1 vemoren = 2964 cm™.

em”
100 mL F & 7 F A 2|2 N,N,2,6-tetracthylaniline (10.5 g, 51.5mmol)% /il 2 CTKIBIZTHoIcmE L4,
bis(trifluoromethanesulfonyl)amide (14.5 g, 51.5 mmol) Z /12 C 30 o4 L7214, S| T 7R L=, £ O
%, 77— L —)L (120 °C, 70 Pa)Z U C—BRIE L TEAB EIEIRD[N,N,2,6-EtsAN] [TFSA] % I3 89% (23.3
g, 45.9 mmol) Cfi7=. "H-NMR (500 MHz, CDCls): 5= 1.11 (6H, s), 1.28 (6H, 5), 2.76 (4H, 5), 3.38-3 44 (4H, m), 3.80
(2H, s), 7.24-7.39 (3H, m), 8.07 (1H, 5) ppm.; ATR-IR: vs-0 = 11321182 cm™', ve-c = 1612 em™", vx_sr = 3190 e,
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53. AT AREOEEEYE

AREITIE, AR L7z HPILs OflS., BEE, REEAR & & v o - BEEEPEIC SV TR L 75 R 273, HPILs
O ILHEY IR OFE B % Table 5-3-1 (12”7,

AU FE 72130 T AR A (Glass transition temperature: Tp) 1XEILLL FTH D Z D, A 4 ARIKD B E IR
LULTHELYDZ 2R L, £, BHOABRIRIKOBEIZIUT THD Z EMNL VA, HPILs DEE
IFK 1.5 g em™ SRR E L TIEEVMEZ R Lo, AT, PILs OAEEEIZIBWTE | 1-3 Pars BREE & —fikHY
IR X D EWMEE R Le, 512, log Pow A% 0.29-14 FRE L o7z, DV 1-4 7 % ) — L —KIBER
2 PILs ZVAfR S B & D 1-4 2 % /) — /U O HPILs JENKHHE OZND 1.925fF L e o722 &b
HPILs BSEfAKYETH 5 Z & & EREMICHER L7z,

Table 5-3-1. Physicochemical properties of [dema][TfO], [BMIM][TFSA], and HPILs.

Tonic liquids M‘:),Leiglltar })geré:lt_}i m.p./°C? V}sfc):;).sisty log Pow
[dema][TfO] 237 1.35 —139 1.4x1072 <0
[BMIM][TFSA]Y 419 1.44 1 5.2x107* >0
 RALuw[TFSA] 388 147 -8 28  096%020
[2,6-Lut][TFSA] 388 L.51 8 7.6x10*  0.74%0.29
[2,4,6-Col]|[TFSA] 402 1.49 N.D. (— 85) 1.1 0.2920.01
 [R6PoANJTESA] 458 133 6 35100 0655033
[N,N-Me>:AN][TFSA] 402 1.52 10 (—72) 2.8 1.1£0.29
[N,N-EAN][TFSA] 430 1.41 21 (=71) 40 1.1£0.64
[N,N.2,6-EtsAN][TFSA] 486 1.32 -69 2.8x102  0.97%0.55

1) Cited from ref [7] and ref [8]. 2) N.D. and Parentheses indicate non-detectable peaks in DSC and
a glass transition temperature, respectively. 3) Cited from ref [9].

F£7-. HPILs @ B CIEBREIT. BBFEmA~OICHIZEE L., v M AGERORIEE L TEBERK & 72
- T b,
WAL & B CYAEURER D IXLL FIZas T Stejskal-Tanner N L - TRl &5,
E, g, N)=8/8 =exp [-)?g?*D(A—-5/3)] ... (Equation 5-3-1)

(S / So: signal intensity ratio, y: gyromagnetic ratio of the nuclei, g: gradient strength, J: gradient length, A: diffusion
delay.)

ZIZTC, g 6 AFTHIEICKITAREME2D7-0, In(S/80) vs P2 (A-6/3) &7y hTHZ LKLY,
FOMEENOHCIBERE D 2 RDODZENTE D, —FH T, AFVRIERTF NV ERERRE NS DT,
PFG 2% A Vil W THIEST 2 Z L2722 D, Z DL &, Equation 5-3-1 XA F D X 5 IZfEik &,

E@,g, A)=S5/8 =exp [-y’g5*D (4A-6)/n*] ... (Equation 5-3-2)

(S / So: signal intensity ratio, y: gyromagnetic ratio of the nuclei, g: gradient strength, J: gradient length, A: diffusion
delay.)
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FIERIZ, In(S/S0)vs ’)@* AA—0) /A7y NT25Z LICEY), FOBEEMHE HOIEBARE D #kd5 2 &
NTEDH, KEBRTIZZ O ZEA L, Ak L7 HPILs (2817 5 diffusion plot [In (S / So) vs y2g%0> (4A—0) /
n?]% Figure 5-3-1 \ZR3, F£72, Z O diffusion plot DITEEREOM X 2> 545 5N T IEBEREL & &A1 A4 > OIRHEL
BRI D F F A OILARIR O I3 A R T F A i (cation transport number; Zeation) 4 Table 5-3-2 |Z7R77,

’;ss 2 F g . ;J:S 19F
> CO[BMIM][TFSA] 538 © O[BMIM][TFSA
£ 3 | O[24-Lut][TFSA] EH] O. g= O[2.4-Lut][TFSA]
O[2,6-Lut][TFSA] S[e)3 2 | O[2,6-Lut][TFSA] 88
0O[2.,4,6-Col][TFSA] D’S O[2.4-Lut][TFSA] g
-4 | O[N,N-Me,AN]|[TFSA] O[N,N-Me,AN][TFSA] g
O[N,N-Et,AN][TFSA] O[N,N-Et,AN][TFSA] |
S [NN26-ELAN][TFSA] X [V.N,2.6-ELAN][TESA]
0 02 04 06 08 1 12 0 02 04 06 08 1 12
10M9262%(4A—0)n~? / s m™> 101192522 (4A—0)n~? / s m™2

Figure 5-3-1. Diffusion plot of [BMIM][TFSA] and HPILs determined by PFG-NMR with 'H (left) and “°F (right)

nucleus.

Table 5-3-2. Self-diffusion coefficients and cation transport number for  BMIM][TFSA] and HPILs

Tonic liquids Deation X 1071/ m? 57! Danion X 10711/ m? 57! feation
[BMIM][TFSA] 3.22 2.19 0.595
[2,4-Lut][TFSA] 2.70 2.16 0.555
[2,6-Lut][TFSA] 2.91 228 0.561

[2,4,6-Col][TFSA] 1.86 1.82 0.506
[N,N-Me>AN][TFSA] 1.83 1.63 0.529
[N,N-EAN][TFSA] 121 1.19 0.505

[N,V.2.6-EAN][TFSA] 0.948 0.751 0.558

5T Leation > 5[2,4,6-Col [ TFSA], [N,N-Me2AN][TFSA], [N,N-ELAN][TFSA| Tl&, 7 =F > & B F A NE
IE 1:1 TBEILTWADIIR L, [24-Lut][TFSA], [2,6-Lut][TFSA], [N,N,2,6-E4AN][TESA] TIE A F 4 > O H)
DT =A LV EBETEBETH-T-, L, IFA =T =4O HBEEIT Tl hFLr—hFA4
VTCHOBENEE TWDAREMENRE I LD,
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54. AFAREDA A MAREEE

A ANREE L IIBREFICB T2 A AV EOBE LTI 2R LTEY, A A VBEERFGIZELD
EVEMPERER S O D RN H D, A A AREEITRRIEIT R [QQOTHTRINTEY, UFORXT
EFRINLTND,

6 =1/ AE Rsa ...(Equation 5-4-1)
: ionic conductivity [S cm™], /: distance between both electrodes [cm], 4k: area of electrode [cm?]

— 5T, L& ADHTBIIRHETH 5720, BILVER Keet = [/ A ZIEHEEIZ TH 5 0.1M KCl KIEHZ (6 = 1.29 mS
cm™! at 25 °C) % 25 °C THEMIME L, Ken ZHTE LT,

EBMRWA v E—F  ARE L ITEMRE BT HEFEMERDL O THY | EIRIEDT - BB EIHT
BL - SEEREOS BN T X | RWEBEAEM LD A B —F 0 2 Z OFE S Th 2880 R & Bl T
HHALEIE A X ZT Yy bt D E, Nyquist 71 v M35 505 (Figure 5-4-1), A 4 AMAREEE I IRIGHE
Pl Rt DWHINHRDD Z ENTE D,

O
Z=2'+iZ"
C o] Z
Rsol I— i}
Rsol Rct \\
Ra  Zy 7/ ”

Figure 5-4-1. Schematic diagrams of AC impedance measurement (left) and Nyquist plot (right), where Rsol, Ret, Zw, and

C indicate solution resistance, charge transferred resistance, Warburg impedance, and capacitance, respectively.

54.1. A A AEEORERTE

0 0
-1k -1 F
- %“ A~ 4 A fﬁ'“‘“&' A~ 4
— 2 F - %&h - 'A -~ — 2 L m..‘r Qk‘ - -
23 | e | 2t e -
Lo \ 2 B [BMIM][TFSA] ~9
2 M [BMIM][TFSA] k 2 A [dema][TfO]
= -4 A [dema][TfO b skl
[dema][TfO] e @ [NV, N-Me,AN]|[TFSA]
@ [2.4-Lut][TFSA] ® [N,N-Et,AN][TFSA]
-5+ @ [2,6-Lut][TFSA] 5 [ @ [NN.2,6-Et, AN][TFSA]
® [2.4,6-Col][TFSA] PS
-6 1 1 -6 I I
23 2.8 33 3.8 2.3 2.8 33 3.8
10371/ K- 10371 / K-

Figure 5-4-1-1. Arrhenius plots of ionic conductivities for HPILs.
Ak U7z HPILs (2810 5 A A MRS O R K715 % 7~ Arrhenius plot % Figure 5-3-1-1 {27779,
B DA A AREI BT D IREKAFMEIE Arthenius DR [6 = 60 exp (—Ea/ RDIZHED A5, ILs 72 & OPLE B

FTIELL IR Vogell'-Fulcher'?-Tammann3 (VFT) & WO BBRHUZ L > TRITZENTE S, VFT X
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T A=ZIIHERT A, BT OFEHE b 3L —B, BAT T AEBA LG oh s, AT oistbex
NF=NOIIA A DA T = A LBHETE D, £lo. HIRT T AEB R0 B ITBERICE T 5 TLs D%
BV CTORIEL 25,

2 e
0=—exp|—
JT P
A: pre-exponential factor [S cm™ KV?], B: activation energy [J mol™], ks: Boltzmann’s constant [J K'], Na: Avogadro
number [mol™], 7o: ideal glass transition temperature [K].

B
—— | ...(Equation 5-4-1-1
*aNA (T — TO)] (Eq )

RpeA =2 ZAPEN GG LN A A ARG L IR OBIME % Equation 5-4-1-1 [IZ X D F/N_F T 4 >
T4 T EITHOTE LN VFT 285 A — 4 (4, B, To)% Table 5-4-1-1 {2787,

Table 5-4-1-1. VFT parameters in ionic conductivities of protic ionic liquids. ¥

Tonic liquids A/S cm™ K2 B /kJ mol™ To/K
[dema][TfO] 3.35 2.30 196
[BMIM][TFSA] 0.71 5.82 143
[2,4-Lut][TFSA]® 2.62 2.00 241
[2,6-Lut][TFSA]® 287 20.9 0
[2,4,6-Col|[TFSA] 3.66 3.60 199
[N,N-Me2AN]|[TESA] 3.43 276 21
[N,N-ELAN][TFSA] 4.82 3.75 210
[N,N,.2,6-ELAN][TFSA] 253 3.11 192

a) 4, B, and Ty indicate pre-exponential factor, apparent activation energy, and
ideal glass temperature, respectively. b) Fitted the data excepted 7o = 0 °C.

BONIZVFTRZ A—=FD 5L BT OEMH (=21 —B BT T A A TolZ >W Tikm T 2,

FP BIZHOWNWT, KEREADHATFRNLF—IL H 20 kI mol™' TH D Z L6, [2,6-Lut][TFSA]LIAM T AKTE
FEADBA A REIZBEE LIS WRETH D Z EREEND, 2F 0, 4L OFERFIC L 2 BB
T D Grotthuss HEIZ L > TA A UBENEZ > TNDEEZBND, [2,6-Lut][TFSA|D A A M&E 2 BT
DIEME b= 2 F— (=209 kIl mol™) 1%, KFHEEDOEEZ AN —LIRTRIETH -T2, 2O LMD,
A A ANEEITKRBEREEEZNLTCNDZ EBNb1D, KEESGR D TRHEEEROFR CRROME 2L 22
L, AT MEBIZBNTHF AV BIOT =AU BRENTF EDOA A7 52 F—%TL LTV % ATREN:
WRIEEND, T7bb, ZNEDOA A A5ET Vehicle I L DL E X BN, RIZ TolZHOWT, [2.4,6-
Col][[TFSA]#5 & UV [N,N-MeAN][TFSAIZ#31F % DSC TR L7z Ty &t i35 &, EH 68 TodD 7 10 K LA
EEhoTr, BT AEBITERERETHY, T IIo T4 4 DBEIT 22N TEIHRIKROBETH D,
BE, BEREO= bot—X 0TI RREO= brE—RREWEDH, To LD T, OFREWIREZ/TR
T, L, ZhoDOERNS, [2,4,6-Col][[TFSA]E L [N N-MexAN|[TFSALIL To> T, TH D Z L b, R{K
BCH T ZAREPHERIRE L VLERETHIFENELD, —FF T, ZHOOKEIIMO PILs & iz LT
HEVASETH Y . EERO LS RERFEfiEE L DTV, UL, BERE I L TR A A4 AREED LS
NHZEnh, BIKE LTOMENEEIZENTWD, 207D, ZhLIIATFA L T =4 BHHRE
OHANEZFFS T T ARBEICEWVIREETCHEET 572010, T B3ELSRD EV-Tm@E L IX R 5388 E R L
ToRIREMES R S5,
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542, A FAGEEE & E OB

REEn & ENAA A AREE ATEBCER L TEY . ZFiid Walden HIl (A xn*= const.)IZ & - TRlak &5,
N & Aimp (= 6 X p/ My, where p and My indicate density and molecular weight, respectively.) D% % 7'z v F 35
Z & TILs @ THRERME] Ziamd 5 2 & T& 50481 G L7z HPILs [2351F % Walden plot % Figure 5-4-2-1
W,

N

— Ideal IM KCl aq.
B [BMIM][TFSA]
A A [dema][TfO]

@ [2,4-Lut][TFSA]
@ [2,6-Lut][TFSA]
@ [2,4,6-Col][TFSA]
.[

) [N

- o
T T T
e

log [A/ S cm? mol]
)

N-Me2AN][TFSA]
N-EGAN][TFSA]

- . [N,N,2,6-E4AN][TFSA]
3 2 1 0 1 2 3

log ! (rs 1 +71)/Pals 1 A1)
Figure 5-4-2-1. Walden plots of [BMIM]|TFSA] and protic ionic liquids. Ionic conductivity and viscosity were

1
(93]
T

1
ES

evaluated at 20 °C.
Walden plot CREMT 2BRICA A L PRROA A VIRENRELR D L OEFMET D720, MESA AU 8L %
NENA AL ERA A VRE TR LEbDE 7T 7 BICHiB+ 5 2 10/ 2, BRARR RS2 2fRRE & (R
EEND IMKC KA 1 [poise= 107" Pas] = A[Sem’mol" ] THDH L EZ BN TEY ., Z ) Walden plot |2
BIIOEHRTHSL, ZOEMED LICT 2y MRBIHERITA AV NERICREEL T D EHfEEINS, —
HRLD T2y bR BEIFA T NERIREL T LT, A4 7 7 A —BEELTWVD
AREMENTRB &S, il ILs ToH H[BMIM|[TFSAZHEAER L2 7 0 v FBEET B0, A AR5
DEREL TRV, BEARTERREREDOA T ASERNEZ o TN D ERE I N7, AR L7Z HPILs iZ2W
T, [2,6-Lut][TFSANIERAEEAR LY Tl 7 vy RRFELTNDEZ EnG, A4 7 T AZ—OEMNRE
S, A A MREEED Arrhenius plot (Figure 5-4-1-1) 22 HHEE L2 A AU ARE A 1 = X L (Vehicle H%) & —
BLiz, —H., VO PlLs IZ oW, HAEREY Bl ay MBFET D Z L b A A Boeafihf L
TWd bmeani, £, BRELESNA A AREEELTSLL TWD 2 b, RBREBMREREREL
9 EMNTED T LD, Arrhenius plot 22 HHEE L7- A A& A B = X 2 (Grotthuss #f#%) & —F L T
Wa,
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543. A A AREE L B OB OBIER
PFG-NMR (Z L o T b2 H CHEBERI D & B A A ARERE Anvr [S em? mol ' JOBMRIZLA T O L 51z
wHINhb,

ANMR = :—;(Dcan—on + Danion) ... (Equation 5-4-3-1)
F: Faraday’s constant [C mol™'], R: gas constant [J K™' mol™'], T* absolute temperature [K]

FROA I AMNREREIN SR L2 F /A FAREE Aimp & Anwvr D BIER “Tonicity (= Aimp / Anmr)” 134 4> D
FREEFE DIFE L L C LI LIEHW BTV BB Tonicity 13REIZR 554 4L DIRBEFE L 5N TRV |
COERREVEEA T PREEMRREL TA A AMRELTWDEEAD, £To. IF AL D Lewis BEES

=F D Lewis BFEVERE EFRBAN B B & ST 508 @ % @ ILs Tl lonicity 28 04-0.8 D & 725, 7
=4 WA U ILs (23 T, Tonicity 3R & W& I F 42 D Lewis BEME 23/ 4 (i.e., poor electron-acceptor) 7=
D, AT UNFTERMREE LT VW EE 2D (Figure 5-3-3-1), &% L7z HPILs IZ81T % Aimp. Anvr & 2 HMNG
L L 7z Tonicity % Table 5-3-4-1 127~

E anionic Lewis basicity —— low

1-butyl-3-methylimidazolium ([bmim]) based RTILs
[CF3COz] [CF3SO5] [(CF3SO2)2N] [(CoFsS02)2N]  [BF4]  [PFe]

%1V es) ([ (o7 it
assocnatlve //,,,;J/J‘ ) Jdlssoaatlve
/ \ LW 4 rd
/N\@N\/\/ i@:N\/\/ /N\/\/ 1LN\/\/

[(CF3S0,),N] based RTILs

} cationic Lewis acidity —— > low

Figure 5-4-3-1. lTonicity of various ionic liquids, arranged in the order of Lewis acidity for cations and Lewis basicity

for anions. Cited from ref [18]. Adir means Anwmr.

Table 5-4-3-1. Molar ionic conductivity which determined by AC impedance
spectroscopy (Aimp) and PFG-NMR (Anmr), and ionicity.

Tonic liquids Aimp /S em?> mol™'  Axmr /S cm? mol™'  Tonicity
[BMIM][TFSA] 1.18 178 0.58
[2,4-Lut][TFSA] 0.354 234 0.19
[2,6-Lut][TFSA] 0.719 1.95 0.37

[2,4,6-Col][TFSA] 0.583 1.56 0.42
[V.N-Me>AN][TFSA] 0.696 130 0.54
[NV.N-EtAN][TFSA] 0.409 0.900 0.45

[N.N.2,6-EAN][TFSA] 128 0.638 2.00
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U 5% HPILs @ Tonicity 25 0.15-037ETHo7-Z Lizxt L, 7=U R HPILs (X 05 L ETHH 7=,
ZHIT XY, BV P HPILs 134 A U REEE DS 15% ~ 3T%RETHDZ NI TAL RIS L DA 4
i (Vehicle B1%E) MEALICEI DIk LTT7 =Y >3 HPILs 1% 50%LL LA & U fRBEEE A2 L 22 L b
Ry B 7B A4 {58 (Grotthuss HERE) NENMICH < E I ND, &0 biF. [NN26-
EuAN][TFSA] CTIX L AREEICER L CRERICHEELZRETHFEEL TS EAHRED, —FHF T, 24-
Lut][TFSANIT AR F O/ S SRR L T2 7 A ¥ —EA03[2,6-Lut][TFSA]HS L TY2,4,6-Col][TFSA] L VW & 5
ThobEE25, Ll [24-Lut][TFSA] & [N,N.2,6-E4AN][TFSA]® lonicity 1 —#&1 72 ILs 23HL Y 5 2 i
IR L T\ e, ZAUE, R E 7 ZAZ—BRREE 72D EHEE LY 5% HPILs 1BV T, SR
FIZER LT TREZ—RBEHE L W2 TA A BRI > TWAETD EHEE LT, — ., BEITILTF
Fr DA ABERIEF IR, [TFSA] DBy BRI VIV TH S EHEE L, Fio, 21
O DEFA A UREOEERE T 4=2.5Sem K2 THY | i XTI IWEE 25TV 5, [2,4-Lut][TFSA]
TlIE, 7T AZ TP LN T=DIZA T ARERHE L AN SL ot EX NS, —FH T, [NN.2,6-
E4AN][TFSA|TIL, A A3k v ¥ 7343 L TINN26-EUAN]—[TFSAT I TOH v B 73R Z 0 iz < »
ZEW X AEEREOD I IPEEL TV A AL H 5,

54.4. "H-NMR DAL 7 b & A AREE OB

IH-NMR A7 ML THLNH(LFEY 7 T H BFEEOREERICE BEBEZIT 5, ZD7H, 'H-NMR
TERM L7 N-H Y7 b HOBESEEZ ML TS EEZ2 N, 22T, o/ 'H-NMR @ N-H &
BT DB T N A X MR ENGEBREZT O 12D G, BRIZBTLENVA T (=8E L N-H
ey 7 b7 e v b LK% Figure 5-3-4-1 12777,

Ty FLIEbDIZHOWTHE R ZFI< &, BT b2 10 ppm HE CHRAEZHZ -, Z0LxHY
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Figure 5-4-4-1. The plot for molar ionic conductivity (A) against chemical shift (8) assigned to be a N'—H bond in 500
MHz 'H-NMR.
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5.5.1. HOMO-LUMO ¥ ¥ v 7’

DFT 8 % W Chem i 5B (Highest occupied molecular orbital; HOMO) & £ Z5#/1iE (Lowest unoccupied
molecular orbital; LUMO)&Z 3K, ZH 65D R/LF—7% (HOMO-LUMO X+ v ) InbHA A MAREA =R
LZDONWTHELET D, DFT TR 72 HPILs 36 L UK CTH 5% & HEEk D HOMO & LUMO = /L& —HER7
% Figure 5-5-3-1 |55,

2,4-Lut][TFSA E 3
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Figure 5-5-3-1. HOMO-LUMO diagrams of HPILs.

v U Y% HPILs 137 =4 B3k HOMO & 7 T4 B3k LUMO O 2L F—ERNIEFIZ/ NI VE (=
05~0.7eV=48~68kImol )& ~7, ZIUIN-HILFEHEE (b LITENFES) =RAF—L0 HIEFIT/D
N EMD, FEEKL S D N-HESIFA A VAL 2 b0 LHETE, ToOFTHES T ~RIBEOT RV
F—[EEL Y 7 T AT RO TRV X —[REEN/ NI N DD T TAX—L LTHEELRT W ERE IR
5, BT, [2,6-Lut][ TFSA]D 7 =4 > HK D HOMO & 5 F 4 B KD LUMO DT R /X —ZE) 0.44 eV = 42
kKImol' THY, KV 7 FAZ—IBHENPEHWEELXD, —FH T, 7=V K HPILs iT7 =F HkD
HOMO & 4 F A HED LUMO D= R )LF—ZNRKE L (=25eV=241 kImol ) Z 205, KL 9 5 N-H
FEEIRMESHRObLD LHETE, 7T RAE —BROT RV X—[ERE LY PSR OO R LF
—[EEED ST/ NI WD, Ry B I LA AU EERRZ VST VEFERD, Ay B 7 LTWVWD LD
WCRLZ D ATREME DS R S D,

ZZ T, HOMO ¢ LUMO D4 Fil (FFE) % Figure 5-3-3-2 [RT, 7AFALT =V ViFEEICHB
T, HE (PESF) OLUMO TIXERE - LICABMPEEICFEL, L&iE (WF4) ©HOMO Tix
EHERT LICERRRVESICRA D, —FH T, TAXLEY DUBERICBOT, o LUMO TIXER
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LTENRLTWDEIICRXS,

107



BHE T b UL A RO BRI K ORI

[TFSA]- HOMO LUMO H-TFSA (Tf,NH)  HOMO LUMO
¥ | e )‘ J)/QJ
e ‘/1 - ° ”)' AL
9 ' \, 0 . J
2,4-Lutidine HOMO LUMO [2,4-Lut]* HOMO LUMO

. So

HOMO LUMO

[/

2.6-Lutidine

e

2,4,6-Collidine
9

N,N-dimethylaniline HOMO LUMO [N,N-Me,AN]*
9
) ] ] - - f
-9 9 Q"’ > g ‘}
% i Y ¥
e o 29 e s
i -9 D-- . \
4 9 } J 9 " =
N,N-diethylaniline HOMO LUMO [N,N-Et,ANT*
a2 2 2
e F¥3, 4 *4393;! - B
d w°’? f 4) 29
N.N,2,6-tetraethyl HOMO LUMO [N,N,2,6-Et,AN]* HOMO LUMO
aniline
P N -]
e s
J)Q( X ?J
9
e ol
»

Figure 5-5-3-2. Molecular orbitals of HOMO and LUMO of bases and conjugated acids.
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"H-NMR & DFT #HEIC K » TR 72712 b 2 BUF ) (Proton affinity: PA)D BIFRIZDOUWTHET L7208, Z7'm |k
VBRI, RETICHEET 2 H 0T L3 AU HERMAINT 2RHCBET 2 0 4L E—B(LTH Y |
PA = Hgase + Hu+ — HiH-Basel+ (HBase, Hu+, Hin-Basel+ indicate total electronic enthalpy of bases [alkylpyridine / alkylaniline],
a proton, and conjugated acids [alkylpyridinium cation / alkylanilinium cation], respectively.) C#& =415, 'H-NMR A
X7 M BERTEN-HEGOFT 7 F &7 e kB OBtR % Figure 5-5-2-1 12777,
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Figure 5-3-2-1. The plot of chemical shift (8) assigned to be a N*~H bond in 500 MHz ‘H-NMR against proton affinity.

7=V V% HPILs 128 W TIE, TAXHOMERIZLY o ETFOHRIEDBRONTT2D, 72 g
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5.6. /R
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TN a AFNEERTDH TENH 28R Uiz, AR L7- HPILs % 1-Octanol & /KDEEGEEF CTHBEE D
L. 1-Octanol JEH @ HPILs JRE KR DOIRE XV 2255 L 7p o7z, FO70H, ZNHITBKETHBE Z &
ZERINITR Uiz, £, FEITREOAEIRER LY @V ERITh -7, T HIZ, PFG-NMR bR F
AU 0.5-0.6 ThoToZ &b, T r FABEERFEWEF 2 5,

HPILs O A F AMAEE DR EARFIEICHOWT, KOBHRULTH D 120 °C THEWA T A8 MERH T
ZENDL, BINESEUETUA A UV IREMER DL L FE R D, E, VFT REHAWERN 7 v T 47
M6, [2,6-Lut][TFSA] Tl % O EEMIE R THA LN FE#MEZ /R LIZOIZR L, £ OO HPILs (22T
X, REEMEETRONDA ARy B T L DA A ARENRE S Lz, 22T, RiA v E—F
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AETIE, FESETHMLZT =Y % HPILs % 2ETARLTEE 7 v BREEF/RL T = = /LR 7 ALH
FPRHOWTHE LA A RIK 7 2 R IR ERE ~CHT 272010, KA A A8 R 2 5T U 7= f5 5
DWW TRT,

6.1. f&=E

IREMEHSS CO M EHE LT 2 ¢, i I3EMRE BEEOBEAREAY v 7 SEDLHLERD D
Mz & BFITREO N RY 7 EoMENS, BUER T2 2 éB8kdDbND, 22T, PEE
EHTZ L, PlLs 248 ~— LIRETHEONDEMEEOMENED SN TWDS, XY, FHRET
FENT 2 EEARRYRELEEM O A AR L SNLTWD, 2020 TH, [dema][TO] & ANVFR AEARY A I R
(Sulfonated polyimide; SPI, Figure 6-1-1 (a))% H TR L7z 7V EMREENZ )T, 300 °C 22 5 A\ O EVE
EMEE A A AREED 120 °C T 102S em A ETHhH 72 &b, BNEFEEZ R LTS L2 ICRZ 5,
L2L., SPL OFMEN 20~33% (DF V| [dema][TIO|DEHEN 67~80%) L %<, FETDA Al
JE I IHERE 72 [dema] [ TFO] & bl U TR IZIK 95 2 & (Figure 6-1-1 (b)), SLEAERTHZ 72D W HEH K
ISR AT, RS MICERT 2HBEMOMEENR I VES, 20D, ZOFEIC L - TR
SIN-EREIIBETEIHEVHEFADRLNENS ORBURTH S, F, CO R BHIIBWT, ZHE
MEHZ A A R % I8 7- R SR (Supporting Liquid Membrane; SLM) & L COIARHGE I TH
Lo LML, SLM IFEAEHIZA A RN EHEE L TS EREN T W AER CH D720, METHZ &
WWEVIRET 2 EWVWoT2T A v NBGEIET D,

T ZTARETIE. BT ARFOD 2 0RINETO T AL DR E OMERERFFR & W o To il 2 F
LToB T i B E M B ORE 2T 5L A T UAREER LA B O—Rth & W o T B ORIl 21T 5 .
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Figure 6-1-1. (a) Chemical structures of sulfonated polyimide (SPI). (b) Arrhenius plot of ionic conductivity for

SPI/[dema][TfO] complex. Parentheses indicate concentration (wt%) of [dema][TfO] in SPI. Cited from ref [3].

6.2. FEE
T NACRE DRI BAR T MAGIREERIE & 7V~ WHARBIREERIE CiT o 7o, B L. F NV ETBRCT D8I
KT 27 OENRMETH Y | BIKT MAEREDEWE BN VbR E WR D, Fiz, BEIZS L
DBZEMIZONCiam CE D, 7/ ERERHM O —HDOFAUIKR D L B Th 5,
1) B TUE (12 mmd) 1259 3.5 mg FRE O S ALFI 2 & Hls 7=,
2) A MEEMZ T T E 2BV L, M&S Instruments £:4¢> VORTEX-GENIE 2 Mixer % VT L
<HF L,
3) M L%, WHROREZBHRTHR L, ZobE, BEERRERSIT [F1), HIKRER ST
[y & U, ZFVEHE LR, TOROEE»LEEZHH LT,
4 3) THNEHELEY L TAEY AR E—F—TNALTWE, WRVHERCTERREZ, [Fr—Y
IR | & LT,
5) 2)~4) OEEERED IR U CTRIKZ ULIBRE 2 E LT,
TR UToA A RIS VI T 2{b G OfEEZ bIE ATR-IR ZHEH L T/ LD IR 247 ML E{LEY
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W AECERL T 7 (HARE TRtk NM-Z10149TTHGR) % %575 L - iR R .
7V A RF (Figure 6-2-1)% stimulated echo (ZF%E L 7=

LIAGIE (H AR ARt

)L A g5 AR (Pulse field gradient; PFG) NMR (2 X - THIE L7=, HIER X OMENTIZ JEOL Delta 5.0 V' 7 k7
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Figure 6-2-1. Pulse sequence of PFG, where g, J, and A indicate gradient strength, gradient length, and diffusion delay,

respectively.

A A AN T ESALZARIE S AT L (Solartron analytical 1280C) % {#
A LUCRGE LT, EREGEER % 0.1 — 20000 Hz, HUNETEZ 10 mV 123
L, EEMEAZRA B —F o ZETRIE Uiz, REREIL = 2
v 7 B/ NUBR IR AR SH-241 240 U CIREZ — IR b 6l

 IRERIE AT O L EITT Ay 7 B/ NMUBRETEREE SU-642 T
E EBELZ —EICRBRDBHHIE Lz, BERVIZZHBARA Z 1t
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EEH LT,

Spring

Press

<> Ptelectrode (Working)

Teflon guide %
Glass filter < >
<> Prelectrode (Counter)

Figure 6-2-2. Schematic diagram an
impedance cell containing two-

electrode, which cited from ref[1].
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6.3.1.  Ta kA A AR VOB

WARTHTF AL b T v TOAREMENMEN EHEE LIALAW 1-8 BL O 3-F, el LT{kEad 3-8 ZH 0
THHEL L 72 [N, N-ELAN][TFSA] /L & [N,N,2,6-EtsAN|[TFSA] 7 /L0 Teisol % Figure 6-3-1-1 & Figure 6-3-1-2 (2%
NENTRT,

120
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Figure 6-3-1-1. Gel-sol transition temperatures of [N,N-
Et2AN][TFSA] gels.

Figure 6-3-1-2. Gel-sol transition temperatures of

[N.N,2,6-Ets AN][TFSA] gels.

HPILs & L THEEIL TV Z[N,N,2,6-ELAN][TESA] Tl 7 /AL EE L < . {LEW 3-F Z Swt% sl L7247 /L T Ty
ol 56°C T o7, — 5T, [NN-ELAN][TFSA] CII LEW 1-8,3-8 TH Y /LT X, T b EZNTI Swit%
BIMULTeT N TD Taelso 1 EFEALEIL 46 °C, 63 °C Th o7z, F2, LB 3-F % Swi%IiRM L7257 /L TD Tyelusol
% 102 °C Thotz, Z0ih, EAL (80 — 100 °C) T2 &2 D%, k&Y 3-F THE L7z 5wi% [N,N-
ELAN][TFSA|S L ThH D EER D,

6.3.2. 7 hiPEA A ARES O B EIRERER
BRI & B CHERUREL D 13LL FIZR T Stejskal-Tanner DN K - TRl &4 5,

E (6,8, AN)=8/8=exp [-y’?5#D (A—-5/3)] ... (Equation 6-3-2-1)

(S / So: signal intensity ratio, y: gyromagnetic ratio of the nuclei, g: gradient strength, J: gradient length, A: diffusion
delay.)

ZIT, g o0 AMTHIEICBITAREMER2D720, In(S/8) vs p’@P (A-6/N& 7y hT5ZLiIckb,
FOMEENOHCHIBIRE D 2 RODZENTE D, —FH T, AF VRIS NI ERERRE NS DT,
PFG 12 A Vi EZHWTHIET 5 Z &2/ b, ZD& &, Equation 6-3-2-1 [T FO L HiZitidEh s,

E (5,8, A)=S/80 = exp [~ *)g?3*D (4A— )/ n*] ... (Equation 6-3-2-2)

(S / So: signal intensity ratio, y: gyromagnetic ratio of the nuclei, g: gradient strength, J: gradient length, A: diffusion
delay.)
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Figure 6-3-2-1. Diffusion plots of [N,N-Et2AN][TFSA] and 5wt% gels formed by compounds 1-8, 2-8, 2-F, 3-8 and 3-
F, which is determined with "H (left) and '°F (right) nucleus.

Table 6-3-2-1. Self-diffusion coefficients (D) of [N,N,-Et2AN][TFSA] and 5wt% gels formed by compounds
1-8, 2-8, 2-F, 3-8 and 3-F.

Samples Deation / 1072 m? 57! Danion / 1072 m? 57! Leation

Neat [V.N-ELAN|[TFSA] 12.1 1.9 0.51
+ 5wt% of 1-8 7.62 6.48 0.54

+ 5wt% of 3-8 7.58 5.73 0.56

+ 5wt% of 3-F 7.49 7.66 0.49

[N,N-EQAN][TFSA]TiL, [BMIM][TFSA]& X8 720, AF A7 =428 b7 v 7T B aREE N RIE S
Nz, Zhud, BAVR=VBERERSIZOMBLTWD Z EIIZERL T, 7u b VR =Rk TAER/ES
DEIFEXNTHFT v 7T LTV BAREMERE LV, £72. [BMIM][TFSA] TIX[TFSA] 2 7 ALEIHF D 7 v 4 1
THAXNAEEDBAERANCE > THENLIHR L TWD X HICRZ 58, KE/BEN D THMHEAEEHROF
T—HBRENWZ LR LT, [N,N-ELAN][TFSA] TIL[TFSAT DL 7 VA T A FAHERIR U 7= $#{EL 0 72 ha ik
XU, [NN-EANT" & DR v B 7B L TEZ Y. Deaton & Daion D EH B H B 7 ALZIZIKR T2 &RIE
Ihbd, 22T, LAY 3-8 D fation & 3F D feaion FHIET 2 & BFOTTINS L Iole, ZHUE, 7vFK
FFNREL Rol=Z LT, [TFSAT & ZvA 1 7 L3 )L SO BT < BHURI 22 1R8N = 2 TREMEA B < 7o o
O ThdERBIN5S,

116



FHOE  REEMRT == )VRT MACAITIERR LA A AR v O L5 B

633. 7u ML A RET VO VAT U—REE
S5wt% [N,N-ELAN][TFSA] 7 L OEWNE S HAL AW 3-F NFERLT 2 ETERCW A2, B OHEBERE» S Ik
L&) 3-8 BEMEICHE L TWDAREENRB X biLd, £I2T, Zb &AW CERIRALERIE (Figure 6-3-3-
NZATH 2L THRIE EFRICE 2N R 7 Eom BT Y o ©— OB L 5 IRREIC BT 5B
BERG EVoT= U A7 ERENFIEETH 5027 - T 5,

4 4
3 F 3 F
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Figure 6-3-3-1. Steady flow viscosities of Swt% [N,N-Et2AN][TFSA] gels formed by (a) compounds 3-8 and (b) 3-F.

[N N-EAN][TFSA|D Fx TOREREN 40 Pass THDHDIZx L, 7 Abd 5 2 & TH 3000 Pars £ TORE F5F-
DR TE T, Z7NVET—FOEIREIBITHLZ LG, N R THOMEICE R WNZ 5,
o, ALEW 3 F TRIF XY hr MO EHE LT,

— IR F T NACFNZ E DR LT S VTS ALK B & O B CHEMBRMIC W RBT 5 B2 5T
DI, FEARMIZIEEN 7 LIS EENICHTE ST 2 b Tidewsl, —5F ¢, %Y hab—2REB+557
IATERIE & F AR O BAERICERR U CRE L7 V3 i B O b A2 2 LI L 0 ZFfRig~[El{E
TEDLEZEZOLNTWVWDEL, Z 2T, FARELEESITL L. F5% Y b B —0ORERIZIZ[TFSA] & 7 LAl
D7 NF T XL O TR Z 5 RNT EOYEHA L TH 5 RN RE ST,

6.4. 70 b A A IRIKT VDA A MBI

A NRERE L IXEMETICB T2 AV HEOBE LTI 2R L TEY, A A REEREIEE LY
VBRSSO D AR D D, A A ARG ITERIETT R [QIOURTERINLTHE Y, LLFORT
ERZINTWD,

6=1/A4k Rsol ...(Equation 6-4-1)
o: ionic conductivity [S cm™], /: distance between both electrodes [cm], 4: area of electrode [cm?]

— 5T, & ADMEIIRNHETH L7, BVER Ken =1/ A ZFEHEVEIR T 5 0.1M KCl KIEHK (6 =1.29 mS
cm! at 25 °C)% 25 °C THEEKIEEIE L, Keen ZIRTE L 72,
EBMRZYA v E—F v AJE L ITEREICBTLEFEBINEROLLOTHY | ERIEPT - BEATSEHK

117



FHOE  ZEBEBRT = = VRT MEFITIEAL LTcA A AR L ol B
P - PREERPIBII T . RRBEEZEMLIZHOA v E—F 2 Z OFE#RLY Th 28T R LRl <
DA EIH A X ZT 0y T 5 E, Nyquist 712 v b 2355105 (Figure 6-4-1), A 4 M8 IR
HU Rt OWHINERD D Z LN TE D,

©
Z=Z'+iZ"
C g Z
Rsol I_ i}
Rsol\ Ry \
Ra 2 7/Q

Figure 6-4-1. Schematic diagrams of AC impedance measurement (left) and Nyquist plot (right), where Rsol, Ret, Zw, and

C indicate solution resistance, charge transferred resistance, Warburg impedance, and capacitance, respectively.

6.4.1. 71 hMEA T ARIKRT VDA A ANAREE

E&54 1-8, 2-8, 3-8, 3-F Z[N,N-ELAN][TFSAJH & TN,N,2,6-EuAN][TFSAJIZ Swi% i L TR L7z 7L
WZHUT DA A AREE D Arrhenius plot 2 Figure 6-2-2-1 (R, B OA A AEIZF 1T 5 EEREMEIX
Arrhenius DX [6 = o0 exp (— Ea / RDIZHE D 23, ILs 72 £ OFRIEEMFR R TIELL T IZR T Vogel®-Fulcher! !
Tammann" (VFT) & W IHORBAUC L > TRT I ENTE D, VFT T A — X THER T 4, BT otk
{bxvF—B, BIRHT T AEBA L G oND, AT OEMRE= LT =013 L OBEA =X
LHEETE D, Fio, HEN 7 AL HITRERIZHBIT 5 ILs DFEICOWTORIRE L 2D,

A

o=—=c¢exp|— ...(Equation 6-4-1-1)

B
T kaNA (T — To)]

A: pre-exponential factor [S cm™ KV2], B: activation energy [J mol™'], ks: Boltzmann’s constant [J K~'], Na: Avogadro
number [mol™'], 7o: ideal glass transition temperature [K].

A ARSIV DA I AEE L VFT 3\ (Equation 6-4-1-D)DF/N "7 4 v T 4 712X - TR TZ VFT /3
Z A— X % Table 6-4-1-1 35 X O Table 6-4-1-2 |2 Z N E 17T,
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Figure 6-4-1-1. Arrhenius plots of ionic conductivities for 5wt% [N,N-Et2AN][TFSA] gels formed by compounds 3-8
and 3-F.

Table 6-4-1-1. VFT parameters in ionic conductivities of 5wt% [N, N-EAN][TFSA] gels. ¥

Samples A/Sem K1 B/kJ mol™ T /K
Neat [N,N-EAN][TFSA] 448 3.75 210
+ 5wt% of 3-8 19.1 8.24 158
+ 5wt% of 3-F 19.1 8.20 158
a) A, B, and 7o indicate pre-exponential factor, apparent activation energy, and ideal glass temperature,
respectively.

EMAE =X —TH D BIZEHT D &, [NN-ELAN][TFSA]TIL 3.8 kI mol™ 1Z%f LT Swt% 7 /L Cid 8.2kJ
mol™' 72V | A A UREIZETARIZIRIE 2> TV D, ZIUIAFER-ES DT FILF— (= 12-65 kI mol™ [12)
0D UNSWETHY, TERIRA Ao Ry B TICEEZ 52 TWAAREERRBINS, TV —F
T, HERAICHY T2 AICEBT5 &, [NN-ELAN][TFSA] Tl 4.5 S em™ K225 LT 5wt% 7 /L Tk 19.1
Sem™ KM LY A ARy E U TOENREL Role, TNIZLY, AFF L —T=FLETOAF
DRV TREFTTRFMEBI - F Ay (BT =24Y) BTOAF DRy BV IRRI 5T
2O THBHEERD, A FVEBHEEIT-ODOT RV =1L, DILR=LEEFLE HOAZRBESIGER LT
RELBRDD, ANVKRENAVBREDOGFIEILL > TA AU MeETHHENREXLI D EB 2N 2D, 4T
Lb T b 22 i ho T e M ARBERAFNE L LIFRLZ2VWEEZEZ BN,

6.42. 7o fIAEA AR NV OMBIREE)  — B CIRBERIR L A A A —
PFG-NMR (Z K » CTE L= H ORI D LB A 4 U ASEFE Axvr [S em? mol  [OBIFRIZLL T D X 5
WwRIN5,

F2
Avr = ﬁ(Dcmon + Danion) ... (Equation 6-4-2-1)

F: Faraday’s constant [C mol™], R: gas constant [J K-'mol™!], T* absolute temperature [K]
KR A T AZEEE D S B LTz E A T AZEEE Aimp & Axar D BIE “lonicity (= Aimp / Axr)” 1A F 2D
FREERE DI L L C LI UIEAW BTV BB, Jonicity 1TREIZE ST 54 40 OfREEE L 5N TEY |
COEBREWVIEAF BRI L TA A RELTWAH EF A D, HH O ILs Tl lonicity 23 0.4-0.8 D
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FowE  REEMET ==V RTIMERITER LA 4 kIR 7 Lo s RHR
MlE7ad, RfiA v E—F 0 2B LU PFG-NMR 735 ZHZHRDT Aimp. Anvr & Z D TH S Tonicity %
Table 6-4-2-1 127”77,

Table 6-4-2-1. Molar ionic conductivity which determined by AC impedance
spectroscopy (Aimp) and PFG-NMR (Anwmr), and ionicity.

Samples Aimp /S em®> mol™  Axmr /S cm? mol™'  Tonicity
[N,N-EAN][TESA] 0.409 0.900 0.45
+ Swt% of 3-8 0.225 0.498 0.45
+ 5wt% of 3-F 0.203 0.567 0.35

LAY 3-8 TIER L7z Swt% 7 /L, [N.N-ELAN][TFSA] & [A% & Tonicity Tl o 77z, MBI RS & 1%
IE[N,N-EAN][TFSA] & ROV 2128, AV R = VISR & OKFEREAICRR L CERNICIE S =00 7
MALA & [NN-ELAN][TFSA]R A » B2 7 LTS LS IRRATVS VI FET 5 L 5 AR Lot L
MU, LA O—FHEDN D Z LA & [N N-EQAN][TFSA] T < 43 7B AVER 25 Z o TR ATREME S B
Wi, [NN-ELANT S ZAALEIF O A LR = AR DO 0 — 2 _T # A L TEE LTV AR T THL & E
ZHND, LiehoT, RERSTFHMEMEMTHHKEHEZ B LTV D702 B CIEHRES A 4
EHEMETLTVSET Th D LTBEN 5.

—J5C. A& 3-F TR L7z Swt% 7 V%, [NN-EAN][TFSA]® lonicity & VKT L7z, lonicity 73 fifFfE A
DIFETH D DD, FILAIL T EMREFERAPEN TV LML EX b, o, bae U—4tk
PEBFAED T ERER D, LENST, [NNELANI DS IALHIF O I LR = LR D 1 — T &4 L
THET H 72T TR, [INN-EQANT S 2 WIE[TRSAT 7 ALl & b T o 7 STV 5 ATREMED EV &R
=hs,

6.5. /&

AREETIL, HPILs & &7 v RELBEHE T = =)V R 7 MEHI & O CTREIEMA BRRES COx /B B & v
o ToHREEA B & LTS 2 B CEER S VOB LA e O —Frtk, T 5 HPILs OfLERE % 7
i L7z, (LAY 3-F THEL L 72 [NN-EAN][TFSA]Z /L@ Teelsol 25K 100 °C TV . i IEAEE T & I AT RE
ThdrERM LT, —F T, {LEYW 3-F O VAR=VEEFR & [NN-ELAN] O CARER-EE D@ Z LIk
D, HOHCHEHEBREOE TR R 6NTZ, TN L > C[TFSAT O H CIBEE LK T Lz, —J5 T, {k&®
MH D7 AT x/)VE E[TFSAT O TEEN RIS EZ s Tnd B2 65, Zhicky, FFV
Fa E—EORENPHERTE -, N RY 7 Momn EORIERREO U 2 7 Bl S WoZRTE, XY be
EP—MEAELEFRROVR, 2RISR VIEBRBME T T2 0WoeT A RBETLDHZ E VS FL—
RAZ7OBMEREFEET 22 2R Lz, SB%OIGHETIZ, %Y ho b —EoM 52 ESZE < A
FUNET v BT IIUILKWVERIRIZT 200 8 L2 BT 20 PREEICR->TL 5,
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AT, BIROBES TRIEAWRFEY 29 Y 7 b~T U 70 (B, & EWMET L) ICEB L,
I OBMMER LA m O—FRetk, ko & DFT 3R 2 W 7 0 TS IR OREERT I DWW CEE L7z,

WA R & B2 b ORIEZ L, Z/WEiREIE 2 R e 3 6 BIRIR & MO Y 2R,
Wi E 7T EL LY TEERERIROPREIRE] & L THEMTS 2 ENTE D8, ZoWF TR T 54
BxEarY, TOHT, H Okamoto B TAHRMGNIZZ = U B TZ VA0 T X VEEE T 2 HEIROKS

BHEEHRCAEY OB SV 7 RETMEL - HEIT 2 Z LIC X VIR Z BB L, fx OFERIEECA 4
VIR TTINEERR LT R T A E TSV ETENR T A Z LA R L, LA L, & FEESIE
EFVIEORBIBR e EB BT o TWRWZ EBRZW, KR, IR EHT H B RRE O SRR e
ENTWAER, WS VTS EOMERERIEE U TEBNICHEET 2720, GRRIEE 3L THEHOBLRAMF
ET 5, AT, MY ILVERR UEDILAWITF T NVIRBESCKEB/BENERER 25 LONRE VT T,
H. Okamoto HIXZNLEFERVMEEM THBLTH L7~ U VA7 VA R T VX VEEZ AT 5k
{EEMDOT R THERRIEE Z AL TEX DR TITRWZ Enh, RHBEAR SRS FET 5,

Z 2T, AR TIE, W E LTI R L EERE Y = =V AT VR RR L, £ JICmEERES L
T (1) adaT7 A iEdEzlig (2) 2-4F V2H-7 8 A -6-A NV (V<) B BEALELE
AER LTz, 2D ORETERHE K OV v O BPEREAMG & WS T 208 U TR T 2B 2 B SHHBERR &
ERL (F2E~F4E),

F iz, BEIEMAERES CO HEMELE L TURAT D700, IWHKE & BUKIED 7 % fFE R o8-
724 A WK (Hydrophobic and protic ionic liquids; HPILs) % . Brensted B2 & L C THENH (H-TFSA)Z &R L
Bronsted 85 & L TCHEBRET IV THLTAFAEY VUV BIOTAFAT =) U &2BEIR LU P RSIZ &
STAHEKRL, b ORESCH CILBR, A InEELRD E5H),

XBlo, VAT ARAEEFET AREAERE Y « = LFHER L HPILs # W CHE L= A L5 VA
A NG H CHERRER, A A B OISR O RIREEIZ DWW TR L (55 6 7).

F28 TEEERT = =LVRIIUERIOERE KX ORI
G vERBER T o VR ERIE L TERR LTZAEE W 1-n~3-niE, »L 27 REET SmA FH £ 721% SmC
HERBT DML ED TH -7z, REERBREO B O b G % ATR-VT/IR OHEE L2 & 2 A, (LAWY

InBXO3niEnan AZ X7 ALEM 20 13BNV AT AHBRICE D LD TH T, Tk, 7v
ARTARNEERT D7 2= LV RETAXINELETH7 2= L BB AT VORI J5 M 0
WZ L - TR Z V1525 B AL D key interaction 3725 Z &AM L7z, 612, LAY 1-8 (H DV iT 2-
8), (LEW3-8 DT NFNEDKIRIRTO—%E 7 v R LIALEW 2-F, 3-FIZoWT, A& @R o LRI
BE L CREEPHERTET, BELREEOR T AR TE L, Zhicky ., 7y RENEMIT & > T
AR Z & 2R LT,

B~ ) VREFRT 2 = VRTMVERE LTER LI LEW 4n, 5nDH b, (LEW4nITE/ Faty
2 8 T ORI 2 BT 2B O E ch 5, £2, (LAEWSniZ=FrF A ety 78S TN
F7201% SmA HERBT2RE(LEMTH -T2, ZZ T, (LAY 5n OEREFEILRFO B OB EHEEZ ATR-
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BTE g L URIE

VI/IRMWOLHEELZE A, KT AFNAVHEOMAFIRIZL T/ VERICL D ra AY v X 7 EIT
BT — BB EERAOE L LB RET I ERL Lz, 2k B b MREENENT- B %
Hha,

HI3FE REFEMT = = NVRTIACAITIERK L S L OB & RS ARAT

B2 T CTHR L= 7 ALH & 4 ORBESECIM U CHREL U= a7 VST 28tk L iSRRI 21T
> s

BT vRLEBERT = = VR IAEANC BT, LEW 1-n~3-n 13X PC % Swi%LL F ORI T b T 52 &
MNTET, FRZ, K7 VX VENEEPIRVEEY 1-n (LAY 3-n OMBCRIITIX Iwt% Ll FORINTS
METBHELDOLH -T2, Zhit, BHFIROMICPC ED R F—T7 7 7% —HEERICE>THEELTND
CHEE L=, — T, LA 2-n D n-Octane X7 AL TET=DIZXT LT, {LEW 1-n TIX T WAL MR TE 7
hot, it LA 1-n 28 p-Octane & DIFIFI 25| X L CEMELIZ7-OTH D, £7-. PC VLD
BAZEBWT, ALEY 2n TR LOMEZBIRETH D DK LT, L&YW 1-n, 3-n TIZLTIRES L TIEEL
BLHZ &R LI, 22T, 10wt% PC 7 /L® SA-PXRD, ATR-IR, DFT t5H %\ 7 M&E ATz L v, {bd
Yiln, 3nidnnA¥ X 7IcloTHDCHEBLL, (&YW 20 ITH 74T ZRIC X > THEMMIEL
TWD EHEE L,

GO~ ) VEEBERT = = VR IAEANCB T, LAY 4n (X SmA HHERELT L FEIEKRT PC D7 Lk
DARETH Y | NHOAEFHBLT AREETIZ S Wb TEeholz, —F T, AbLEW S0 TiEn=3-12 T/
MRFRETH -7, AIEIL SmA FHEKOBE#EIZCL>TPCHA N T v TEND T LICX > TH AR L T
HERBEIND, BFEIZOWVWTH, SmA BB T DREIRETIL PC VNV OBRALZERIE L U THE LG
D129, PCOT AL SmAFIB RO EHERAFNAHNTWD LR LTz, Z 2 TEY4-n THRE L 7= 5wit%
n-Octane %7 /L0 ATR-IR & DFT 515 4 F U 7o &E AT & L5840 4-n & n-Octane MR L CTHIE L 72 UV-
Vis & TD-DFT & %2 AW EERNTIC LV . LAY 4n 137 < U U ERIC L 28061 — PR+ AER I X
S>THOHMET 2 L HEE Lz, £72. LAY 4n THE L7 10wt% PC 7 /112 & 5 SA-PXRD, ATR-IR, DFT
AT AW HERITICE Y (B SniZ s~ ) EEDBEET D - X ¥ v F 712 ko TH Ok
LHEHEE LT,

BT WRRERT x = VR G ACRITIIR L oA A iRV ORI & TGHEDT
2 T CHR L2 MK & TR OBKYEA 4 AR CH H[BMIM][TFSALICHSIN L CRAR L 7= A 4 iR
IS MAC I B BME & HEARET 247 > 72,

BT v RERBMT = 2RI MEANCBO T, (LAY 1-8,2-F, 3-F THKL L7 Swi% [BMIM][TFSA] % /LG
TF XY h R E—ERREE L. 209 H{LAW 1-8 THELL 7 S TSR A L oo a4 RALD LD
FREH G oT-. =T, PFG-NMR % T A A ik & 7 AL FI ORI < MERR 2 ZE 27 2 5.
[TFSA] & ZMEARIF O 7 A a7 AF VOB TE Bl & RN L > TREPIZIEBR L TWa Z &2k 5
HAEERNRFXY ho b —ic&E5 LW A aREMES B U,
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BoE Tu b AMEA A ARIEOE R KOS R A

A% L7z HPILs 3Bk TH D Z & &, HPLC Z W TERMISR Lz, £72, A0S ETH S 120°C
THEWAFUAREMEER LT, S50, B OIEHIRBCORE & A 4 M8 O BIfR D> H[2,4-Lut][TFSA] &
[2,6-Lut][TFSAJIE 2 7 A X —ERRIC L B A A 15E T D Vehicle R & L TR Z Y, [2,4,6-Col][TFSA] &
VU Y% HPILs TIA Ao DR v B I X DA U MNRETH D Grotthuss BEEA T E L TRZAZEER
HL7,

Few REFMT == )VRTIACAI TR L 7oA A kIR OF B

{b&¥ 3-8, 3-F %[NN-ELAN]|[TFSAZ Swt%dsl L CRREL L 7= v oWt LA n O—FRtE, 4 42 1n
ERHED B IE R T 2 EToOMERHIZ 1T 72,

L& 3-8 THRBLL7Z T VD Teisa 2347 60 °C Th o7, —FH T, {LEW 3-F THRB L= VD Teosa 3K
100°C Thofeizd, ZIUTHEIRER CHAATETHL LB NS, o, (LEW3F TRE LSV
IFFY brb—ER Lz, — 5 CHOIRER L A 4 REEN D, (LEW 3-8 TR LI VT, b
FA DRy TRT =F 2T T TR FHRO ANV R =V BRIZHI L TIThIL TV 5 EHEE
L., (L& 3-F TR LIV Tlik, ZUUbHIS TR O NVR = VBRI X > THF A v OIEEBHIE S T
WD HREMEDS R S LTz, E£72. BEW 3-F TIIEEW 1-8 THE L 72 5wi% [BMIM][TFSA]Z VD X 5 1T
[TFSA] & 74 a 7L X LD CEEMIZIEB L T A LE 2 o b, 2F 0, FlEER Lo
WWFXY b — 25 LEELTH, IS X o TIEDHIR I35 & 5 WIEARSR O TV A HEE 2 5
BRI 572D D(LFETIL R WEOILB A RE I N D SR H D Z &G, FF% Y b B —HDft 5 L iiiE
Db OWEORBEDOELLEEEHT LT, (LEMORIRZITOVLELH D LIRB LT,

PbXv, =27 ot 5 m-CRIEMOHEMIC L » TR L 727 L OIER K& < EbY | Ficx
FUFAIREY JEBT SmABERBT S (DFEY, mn AX v XTI ko THOMMkMET D) kAL
EVMTHNEERTHZENTENIE, FFY b —Wa2 M5 LB EMICRER I NV ERT A Z L
NAHETH DT EZIRB LT, S, 7 v R RTIMLAI & [TFSAT % 7 =4 L FIZEF O A A IR VLT
TIALEIN - A Z v F 2 T2 i > THOHBIL L T 2HEEITRAENMES THLF XY hr—MHE2 15
TELAREEE RN L, ZicEy, BetEony FU 7NN E LZRIKD L 9 22 E{RS BT ATEEC
HDLEE XD,

SBROBEE LT, AAZF v IEGEES =7y P LT o A4 yF 712X % A EMRME» i Z 21k
EMDAT Y == I L > T /LR AR TH D0 ZFHl L T\ 2 & T, KGRI TORBOE U &
IEZEO TV MENR DD, Eilo, A A RIER EORRREMEABIRIEZ W CIEKRER- GRS T 721k
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