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IR Tl PNIPAmM LK 2MEIE TH AT 100%E725, ZOFREFIRL T E, BRI 32 °C (T TARERHC
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PIPAAm layer

20°C

Figure 1-5 The schematic illustration of cell sheet on PNIPAm
modified surface. (a) At 37 °C, cells adhere on dehydrated PNIPAm
layer; (b) At 20 °C, cells detach from hydrated PNIPAm layer, and
form an intact cell sheet.!”
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ZITHIFROTZNE— S Fxrhat —2RK T, FIRFLESRMN T T MEOMELZRG LIEEDRE
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(2 2 DO —ITIREVEIT-DIITAGmx WERDIEEIRDZENNETH D, AGmix DIEDIEEIRDERIT
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S = klnW (1-3)
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DEZ LD, F2ZDET MZEBNT, EoFE2WE B ORDVITIRAE T 2L, @3RS FLRRvE /) ~—
B RSV TODTeDIZar 7 4 A= a BlIRENHZETEVFFL5 B OB L, ASmix 1T/NEL725
£E 2615 (Figure 1-6) o #6114 FH N2 8 70 FERIRIS KT T 28 ) A KAUE, &0 7203 x E & 27 2
RS LRI RESDE R | @5 O F RIS AL LT R0 D) Db B 2 bivd, 37200 x 1X
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WD, BRI 1705 il B D 1 B A NN Z np & D, ZOLEDIREG T —ILL FO XI5,
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Figure 1-6 Lattice model of solutes in solution.

$1=n1/(ng + x13)
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DED, ASmix [ EFIIEDEE LD LN 533D, ZHUTKI LT, @m0 2V 1 L [FRFE D& 7 A MHEALIZ Y]
WL TR DAIVDARSY T EAIRIZ AR T2 ASmix ZTRIFRITHS T-BERR DR DD L (1-4) RO I H 2327 A ML
DFEEESET T RELIRD  FERASmix (TR ELT2 D, (12)ED S ASmix DIEDIE TR ELIRDE AGumix H/INELT2D
T=OIWIRR LT IR DN D, LIZR- T IRA T e —0 mhbid @ 5 T A L &2 A 3 DK
3 VE LSBT LAZNZ D 00D,

WITIRE DT ZVE — (AHmi) 2 DOWTHE 2D, TEFRATNZITIR B T B L O E 5 T I3 E I E IR 5y
At WE SR T AERAL TOD, TR IRy 1 S 3 O RN 41 FIFR AR 23
B)<o wie wa. wi BEIVENEE - 4 (1-1 $2fi) | W 5118 4 (2-2 Hfih) | BEE AT (1-2 $2fi)
DB ==L DL R ER T DO BN = F =T L FOIolcgkEnD,

Awyp = wiy — (Wyg + W) /2 (1-6)
Aw=0 DI EIRE ORER 12 fE D TOH A/ EH =X —3E DO, Awn>0 DEEITIE, 12 #f
BNEEZDLERDTRILF =N D720 RA LI, F2 win < 0 DBAIRALT 12 fiAN 2528
THROTRNF =TT 25 AN T2 IREIREICHDIIIN =T — NG R L2 D, 4|z iR
BT B (— 2D FOREVIZENTE MDD 531 D38 DIF DEVI T E) &3 58 Iy DY OFE'E
DT EIIIRD IO D,

(1-3)

z X xny/(ng + xn,)
VIS 71 ni 20T 12 M OFUTRDEY TH 2,

znyxn,/(ng + ny)
FTRbHRAGIEI T AN E— AT T D &5,

AHpix = Awypz X105/ (1q + np) (1-7)
B OEESREANTELEZREZ LU IR T,
AHpix = Awypzn, ¢, (1-8)

ZIZT, (1-60) DI B WHE iy DESRUSNOEE RV~ B ERE OFE CHI o7z, R ITLD /ST A
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X = zAw,, /kT (1-9)
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—} \Hlmx >0 * \Hmlx <0
“~~ -\Smix >0 \Smix <0
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Figure 1-8 An image figure of

hydrophobic hydration.
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2.1. #E
A, Fii7e IL OB T —& I\ Y
e . NSNS\ E - j o o
LTI R A A K (Solvate LA T s N G
. [PLN] / / \
ic liquid: S E or +  FC—§ S—CF; e
Ionic liquid: SIL) 2MEEXi, # \ y —y I | I L g
@ﬁﬁﬁ‘rﬁ% 1 %T“Ej’iﬂlﬁ’\“fio Totraglyme (G4) Li[TFSA] FaC—i E—CFa F:,C—E E—CFa
SIL & Liiﬁi &% @ jJ ﬁ;j“‘/if: lj: [Li(G3)][TFSA] [Li(G4)][TFSA]
V=S A Rl e AV b A Scheme 2-1. Chemical structures of solvate ionic liquids and its components.

DA ARIRE BRSNS, | Tamura H1E Li[TFSA] EXFRZVa— LTV AF LT —TF L ThD triglyme (G3) <
tetraglyme (G4) 72E DI TA LFEEENTIRETHIETERICEW TRINKREDRERIEBR P ELNHZ L2 HR
HL TS, 2 ZOWRFIZEBNT, 77914555 7I% LKL TI/I0r = —T VD LHTEE O CREFN (Blfr)
LeE T4 ([Li(glyme)]" ZIERTHZET, $EMTF AL LT =A L Db bilikE 7272, (Scheme 2-1) 7=, =D
BRrE e LTI E T, 850 F AU I EICEY [Li(glyme)][TESA] 137 T4 L% 1 BIRO AR RIRE DL FicBWCh EE &
WD D3 e  BVZTEMED I LRSI TWD, RIS, LR F A DR L& BAA L ELTHETHZET, RHNDY
F I LAFPREEDS 2.5 mol dm? LL EEIEFITEmWIRIK L2, SHIZ, VA LG FINT=—T MEEM THAHIZHE D
ST e = —T LB DL BN CTHD 4 V vs LILINICEB W TH L0 fE - 77, 4.6 V vs Li/Lit &R Lt
PEDH_EBRHERISILTND, 3 i TF A UIEICEL Th, 7 745888 LML BUREIC B W THELVWMEZ R 280
5 Litt7 74 LB R a2 L RERIL QDI EAVRIBEIUTEY, [Li(glyme)][TFSA] (% SIL ELTOZMET=3
L5 %%, propylene carbonate (PC) X° tetrahydrofuran (THF), monoglyme (G1) 72&% LitlZiAS#EFI 52 N b
THRY, EERICEBEMIKEL TORGTRINTWD 4 23 Zba AWz Li[TFSA] OEEE Tl Lt ko7
HERELNT | T4 L-VTF U LEEEROEBAED VRIS TS, 5 SIL 1ZZDEWI T 7 LA F R I it %
AT 22T VFULAA L ZREM, VF ULl _REM, U F U L2255 ZIREMOEMRELL TOFH R
WA SN TRY 3 S % OB ENFFSNDH A IR THD,

TV WLONDFRR T REFEL I TND, TO—DORERIRBER LB L TEWHE () Tho,
(Morganic solvent = 5—10 mS/cm (. t.). 7Licayrsa)= 807 mS/cm, 7LiGaytrsa;= 105 mS/cm (25 °C))>* A4 DIREE o 1%
LT TEREND,

o= Z n;z;u; (2-1)

ZITnEFYIY—EE, 2 13X —1 HOERE (ExEXHER e (= 1.60x107° C)), u 1TF ¥V —DBH)
JEERT, LIRS THIEDO RS u, o ICHEBL, B M AR TS5, TNEMRRT 501U REL
TIHXHT TALOFIA 2 CHBRBIC LN 7 BRALITE T, FBME OB RIS BLE TR 1D
BALRASNTE, 10 WPHROBAITBWTE glyme K06 LitlIrd AENALEE (FRM) OmEWE )Y SIL
\CHSINEND L, BUNL OIS, 7Y —72 glyme DI EH 2355195, (Figure 2-1: water, PC, Figure 2-2:
poly(ethylene oxide) (PEO)) #IZZDWFREL 72 glyme |FEVEZ ENESCRRLE EMEE o7z SIL OBV R A2 0%E
REEL, LIE3o T ED XS0 F S G 2 ST AL TWDo, EFER (6) RN —TF 23—
Ze RT3, A 23S AL TE T,

SO E Y FEDEAARIZ L OHERE(L OB D, PBnMA 7% SIL H1°C LCST FUARy BEZR 8 2 7= 9~ 2 L 23k 4 13087
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Figure 2-1.  Concentration dependence of the Figure 2-2.  Concentration dependence of the

Dgyme/Dri ratio  for [Li(G4)][TFSA] diluted by
molecular solvents at 30 °C. (AN: acetonitrile, HFE:
hydrofluoroether, DEC: diethyl carbonate)’

Dgiyme/Dri ratio and transference number of lithium
(t1;) for polymer/[Li(G3)][TFSA] solutions at 60 °C.
(PMMA: poly(methyl methacrylate), PBA: poly(n-

butyl acrylate), PEO: poly(ethylene oxide))!!
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2

Figure 2-3. Image of LCST phase separation behavior of PBnMA/SIL solution. !
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BHEIOE D FIXR 887 P b /VEA (atom transfer RX + M"Y/Ligand ot R+ XM™LY/ Ligand
radical polymerization: ATRP) {EIZTHRK L7z, 2101995 4EIC . m{%‘ﬁer\h T
Matyjaszewski 5725, B#pA & L CHEME n 7 MbEaW. fil
B LT 1 fio> CuCl/2,2’-bipyridine 2546 % L. styrene @ Scheme 2-2. Transition-metal-catalyzed ATRP.'®
VEr T I VANERERE LTODPBEY THD, 7
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FOSHEHl S Z &7 8T VEAMNY BT Katrp =

ML+ &

Mt"/L

. Ken
X* 4 © A, 0
KgH . .
R + X

R-X
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X+ ML =——= Mt"™"XL

Kact
== KpKeaKxKer

kdeact
5, "
) U 19
Matyjaszewski 512 & ¥ ATRP EHEE (Karre) (% Scheme Scheme 2-3. Sub-equilibria in Karre.
2-3 O L HIERSI N, BEPBEEEE (DFT) #HEICLD R A v i
with EtBriB in MeCN at 35 °C ,j L})

—< F*ﬁ@gﬂ%j‘**ﬂ/?\'— (AGcleavage) MBHIRD HILTY
%o 1920 AT Scheme 2-4 (TR 2 BREME~ 7 mBlls ~

10'
FNX, RFE-—O T UHFREAOREICIY 3 BT UL :E, 1[:: i N N 2.6x1
LA G 1.1x10°
BN, FRED 28T VIR T Kare £ 60 5 TH Y | 10 CEN
10°
T

RHICPHARSIC ZIEAT S8 D 2 LAVARECH Do T2 Y H Figure 2-4. Activation rate constants (kac) for Cu
R OREE I TTEMEAC IR E T koo IS EET 5720, EAHIENC  complexes with various nitrogen-based ligands

EEAEHETH S, 2 (Figure 2-4) Methacrylate & D B AT for Cu-mediated ATRP were determined at 35 °C
in acetonitrile.?!

— & B &  NN,N,N'N'-pentamethyldiethylenetriamine

(PMDETA) AW SN TW S, 2 & 5|2 Scheme 2-2 705 645700 % X 912, EAWW Tlamib &8ssk
(X-Mt"'=Y/Ligand) OREIMEL | IHHREOREN MR 2o TLE 9, & 2 THE R — (i O dfihiit 2
HWa L0 s, HonLO—EEBEORILIKENZTNE D D3 FESAANRS D ERMbATNS, B 2
WO OEANIF R AR E 22 2 & T, WD FERSTOE S TR D,

Material

>  Ethylene glycol, dehydrated: MW = 62.1 gmol™', d=1.11 gmL™", m.p.=-13°C, b.p.=197 °C (BIH/t¥)

»  2-buromoisobutylyl bromide (BiBB): MW =229.9 gmol™', d=1.86 gmL™!, b.p.=162-164 °C (Aldrich)

»  Calcium hydride (CaH,): MW =42.1 gmol™', d=1.70 gmL™", m.p.=816 °C (B3 {L5*)

>  Triethyl amine (EtzN): MW = 101.2 gmol™', d=0.73 gmL™", m.p.=—115°C, b.p.=90°C (BIHE/LF)
CaH, Z N2 C Ar 7P T, 40°C T 1 B Plifclietc, © 27 ) 2 —0 7 A& AW HIEZARMIZ LY Schlenk
BIZEML L, s CRE LT,

>  Diethyl ether, dehydrated: MW = 74.1 gmol™', d=0.71 gmL™', m.p.=-116°C, b.p.=35°C (FiltHiZK)

>  Sodium hydrogen carbonate (NaHCO3): 84.0 gmol™', d=2.16 gmL™"' (FIt#liZE)

>  Dichloromethane, dichloromethane, dehydrated: MW = 84.9 gmol™', d=133 gmL™', m.p.=-97°C, b.p.=
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40 °C (Fyt i)

>  Ethanol: MW =46.1 gmol™!, d=0.79 gmL™", m.p.=-114°C, b.p. =78 °C (FtHlik)

>  Benzyl methacrylate (BnMA): MW = 1762 gmol ™!, d=1.04 gmL™"', b. p. =247 °C (GKFALK)
CaH, Z N C Ar 7S T, 40°C T 1 BE Pt BULZHE 21T\ Schlenk B 2RI LAy BREE THRE
L7z,

»  Copper(I) bromide (CuBr): MW = 143.5 g mol™' (BIH L)
Acetic acid, 7K, ethanol DJAIZ 3 [AIF" O L, EEEEE T o7 — X —ICTIRE LT,

>  Copper(Il) bromide (CuBrz): MW = 223.4 g mol ' (RS H{L5%)
Ethyl acetate & HIWN TR L, BEWIRET v 7 — % — I TRE LT,

> PMDETA: MW =1733gmol', d=0.83gmL™', m.p.=-20°C, b.p.=198 °C (Aldrich)
CaH, Z AT Ar 7P T, 40°C T 1 BE Pligiaiete, BULZE 21T\ Schlenk B IZ[AI L AyjEkE TR E
L7z,

> Anisole, dehydrated: MW = 108.1 gmol™!, d=0.96 gmL™!, m.p.=-37°C, b.p.= 154 °C (Aldrich)

>  Ethyl acetate: MW =88.1 gmol ™!, d=0.90gmL™!, m.p.=-84°C, b.p.=77 °C (FIJtHlZE)

>  Alumina, activated: MW = 109.2 g mol ' (FIYt:4fiZE)

»  Methanol: MW =32.0 gmol ™', d=0.80 gmL™', m.p.=-97°C, b.p.=65"°C (FiltHi%k)

V27 BB DE

A% A % — A% Scheme 2-4 |Z7RT,

o]
BiBB
HO o (0] Br
\/\OH - - . \/\0
Et:N, diethyl ether
0°C-r. t.,, 24h o

Scheme 2-4 Synthesis of bifunctional initiator.

Ar i@ L7 => 17 7 22, BiK ethylene glycol (1 eq.).
7K diethyl ether, EGN (2.4 eq.) &N Z 7%, R&Z KB TH
HLU., # FR+%2H\\T BiBB (2.4 eq.) &M/ diethyl ether
DIRBTEM AT T L, 0 °C-r t. T 24h fUGEEH7z, HiKiC
TH I 2 7 f# L. NaHCO; aq. Z 2 CH M &7,
Dichloromethane (2 G#) 2 fltH L (3 [B]), ¥ (diethyl
ether, dichloromethane) % 17 —% U —= /7R L — & — TR E
L7z, D%, ethanol (EIA#E) MK (B CHESE
3EAT o7, WoRE. HGERREEMS 2157,

Figure 2-5 {Z 'H-NMR (DRX500 (500 MHz), BRUKER,
CDCly) OfERZ R, REDOAF /LT by (a) K= —
TN F L7 e h v (b) ORI L VIFIE 100 %,
DK I S AE S H
bromoisobutyrate) (2f-BiB) NEK S iz LW 2 b,

ethylene glycol ethylene bis(2-
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PPm

Figure 2-5. 'H-NMR spectrum in CDCl; of 2f-
BiB.




PBuMA DESE
B A ¥ — 2% Scheme 2-5 127”77, UTFICASFRE60kDa # B L LB —6Z2R9, FUSHEE TG T
C. &/~ —conversion, AR, 2f-BiB & Cu DHITEEFE L7,

BnMA
Q CuBr/CuBrz/PMDTA (cat.)
[ n
o] Br Lo
Br ~ o — o 0
Anisole

o} 50°C, 6.5h
Scheme 2-5 Synthesis of PBnMA by ATRP.

Schlenk % {2 CuBr, CuBr; (CuBr: CuBr;=1:0.01 (mol)), = 17 7 A =|Z 2f-BiB & AL, 60°C T 1 BrinEk
ELZE % 1T > 72, Schlenk &N % Ar ZRPASIZ L72%% . Mi/K anisole, PMDETA (1 eq. based on Cu) ZJIIZAN %
[CuBr]=5gL"' & 72 bR A AR L7, =Y 07 7 AaNbIEERIC Ar ZZFASIZ L, BiK anisole, BnMA %
Mz, 2fBiB &R X7, (Z DFF anisole |ZE / ~— :anisole=1:1(vol) &5 & OLAMBRTRE LTRSS
L% anisole 72 L5IWeETH D, ) MF#ILICHHREIK A 3 BIF Y K3 Z & TR 4 FRE L7, 2£-BiB (Zxt
LT Cu/’025eq &b BEOMMBIRKAE =Y A7 T A2IZHFML, 50 °CICHE L CTEAZBB L, Ko
D / ~—conversion (% 'H-NMR DOFf45 bz HWGEBF L 72, (8 (ppm) from TMS in CDCl; = 4.87 (s, -CHy—Ar:
PBnMA), 5.20 (s, CH,—Ar: BnMA), 5.59 (m, C=CH: BnMA, trans), 6.16 (m, C=CH: BnMA, cis)) & ./ ¥ —conversion
MS50%IZEIZE LI L ZATREWKRERTHAT L2 Z LIk o TRISZFIE LT,

HAVRIE % ethyl acetate CTHEICAN L, {EET VI T E2FKE LD 7 AIE U THHAE 2R\ 2, £ DOF
ethyl acetate (¥4 #:)/methanol (B¥&8) CTHILE:Z 3 EUTWWER L, B o AEREIR (mE) 2=iETEZE
WL, Zu—7Ry 7 2 ([H0]<0.5ppm) (2 THRE L7,

BHNTES 1O 'HINMR A7 kL% Figure2-6 (Z/RkT, €/ ~— U o K BEEE*OE—7 BZRLH
RN ENDL, TNONRREINTNDZ L 2R L7z, (BnMA: § (ppm) from TMS in acetone-ds = 1.94 (dd,
CH3—C=C), 5.20 (s, —CH»—Ar), 5.66 (m, C=CH: trans), 6.11 (m, C=CH: cis), 7.29—-7.47 (m, H-Ar)) (PMDETA: ¢ (ppm)
from TMS in acetone-ds = 2.15 (s, CH3—N, CH3—N""), 2.20 (s, CH3—N"), 2.29-2.36 (m, CH,—N, CH3—N""), 2.39-2.46
(m, CH,—N”) (anisole: 6 (ppm) from TMS in acetone-ds = 3.78 (s, CH3—0), 6.88—6.96 (m, H—Ar: o, p), 7.21-7.34 (m,
H—Ar: m), 5.66 (m, C=CH: trans) 8D AF /71 ko (a) OFESH LY A VHIT199%THY . TV HIVES
THEREINDE DT E LTRHMRMETH -7, (5(ppm) from TMS in acetone-ds = 0.80 (s, 77), 0.95 (s, mr), 1.18
(s, mm)) ATRP BRIGHIA F L7 m b O —7 ZEnFEHOEY—27 LEHR->TLEW, Flom—T Liffx
FLrOE— 7 3RS WA, BEH L 28R & (My) OFEMIZNETH 572, (5(ppm) from TMS
in acetone-ds = 1.94 (s, CH3), 4.47 (s, CH,~0)) L7228 > T My lZBUeE IERF O / ~ —conversion & 0 #E5 L 7=,
oy V5 Myw/Ma 1% GPC (7 7 2n: TSK-gel columns (Tosoh, G3000HXL and G4000HXL), ff Hi#: refractive index
(RI) detector (Shimadzu, RID-20A). ¥&Rf{Z: tetrahydrofuran (THF), 2 #E#)’E PSt) % W CHIH L7= (Figure 2-7),
¥/, £/ ~—conversion 7> bR ST My Loy F RO —BOMR, KT RIED M, 75 GPC DO i
D Z MBI~ MY v 7 ARV — W — Ui A AL/ RAT IR AE &7 HTVE  (matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry: MALDI-TOFMS, Bruker Daltonics, Autoflex speed TOF/TOF)
WX DHE BT - 7=, (Figure 2-8) ~ kU w7 A L L T dithranol (Aldrich), % ¥4 > {bAl & LT sodium
trifluoroacetate (NaTFA, Aldrich) # M\ 7=, Z O G . E / <~ —conversion, MALDI-TOFMS #1141 L Y
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KON Myl k< —& LW, £/, Mi/Mya=1.1-13 THY . JPOSTFESFHOES FE2EDHZ ENT

&, TNHOFERE Table2-1 12 L 05,

b a
™S
noc Ar
acetone .
o 0 Ar :
Ar ©
—
=
Ar water g
c O
=
J £
J
" n 1 1 n " L 1 1 " 1 1 n I " T n ?: 1 1 " 1 " 1 L 1 L 1 I 1 I 1 n 1 " 1 n 1 n 1 "
10 8 6 4 2 0 10 11 12 13 14 15 16 17 18 19 20 21
ppm Elution time / min
Figure 2-6. 'H-NMR spectrum in acetone-ds of Figure 2-7. GPC curves of PBnMA by RI detector.
PBnMA (M, = 59.0 kDa). GPC measurements were conducted using THF as an
eluent and polystyrene as a standard.
6x10°
M, = 4,852
| M, =5333
5x10° | m, / M, = 1.10
S5 ax10°h [M+Na]*
m
= 3x10°F

[M-Br+Na]*

1x10° ulﬂm

2000 4000 6000 8000 10000
miz

Figure 2-8. MALDI-TOFMS spectrum of the synthesized PBnMA (M, = 4.0 kDa, calculated by 'H-NMR) with

dithranol and (NaTFA) as matrix and ionization salt respectively.

Table 2-1 Molecular weight (M,) and polydispersity index (M./M,) of synthesized PBnMA.

M, / kDa My | My
4.0°(4.9°) 1.10¢(1.21 %)
19.0° 1.14°
30.7¢ 1.15°
43.7¢ 1.17°
59.0° 1.19°
107.32 1.33°
137.2% 1.29°
163.9* 1.31°

2 Estimated from the monomer conversion measured by '"H-NMR.
® Determined from GPC analysis using PSt standards with THF as eluent.
¢ Determined by MALDI-TOFMS.
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2.2.2.SIL OFFH

Material

»  Triethylene glycol dimethyl ether (G3): MW = 178.2 gmol ™!, d=0.99 gmL™, m.p.=-45°C, b.p.=216°C(H
ARFLALA)
RS NI ARG (<50ppm) 2/ R —T Ry 7 AR TEDOEEMH LT,

>  Tetracthylene glycol dimethyl ether (G4): MW = 2223 gmol', d=0.99 gmL™!, m.p.=-30°C, b.p.=275°C
(B AFLAEAL)
AL SNBSS (<50ppm) 27 B —T Ry 7 AN TCEDOEEMEH L,

> Lithium bis(trifluoromethanesulfonyl)imide (Li[ TFSA]): MW = 287.1 g mol™! (A& H{L5)
IMEAEZEREHE L 70— TR 7 ANITRE LTz,

SIL DZE#
TIA4NE LBEESEEIZRD LI ANALTIVICED &0 60°C T 24 BEILL R U BEAHIH 22K IR,
[Li(G3)]][TESA]. [Li(G4)][TFSA]. [Li(G4)os]][TFSA]Z157=,

2.2.3. PBnMA/SIL YR#E DFARL

Ja—7Ry 7 ZANIZT PBnMA & I A 34 7LIC TIRES L, SIL 2300 L T HBID &4 1 2
WL, TOR_Hay INETHTE—2EE L, a0 —T Ry 7 ZASMNTTER THZERE L, SR Z2 I
DERW, WRIZ 7 v —T Ry 7 ANICHORE L, KK OK53) ~O &2 BT 72,
PBnMA/[Li(G4)os-1][TESAJVA R D FHRUZ[Li(G4)][TFSA] & [Li(G4)os]|[TFSA] ZEE DL THMT 5 Z &1
KL,

Z DR AW HLEBEIE LK dichloromethane TH V) | 7T A A-LiEEOEEIZHEZ 5 2 70\ W E &2 fERR
W5, °

2.2.4. HiFE

FBEFERE

FHEE LT RIRII N R 2mm DR 7 U o2 —F % » & e g 7 7 A0 (%% GL %A =2 &
PYREX 7740 HZ A) IZEH AL, 77n o7 —7 Ty —V 7 Lz, BAZBEMBERARY v 27—V (GFoid
TEPT) BICEE L. FIRIEE 1 °C min!, 25-200 °C O#iFH THIE L7z, (REREL02°CLT), 7 AT
=t/ 7 LS-1 (360 nm~1100 nm, Ocen Optics Inc.) 7> 5 ¥ > 7 /VICHBE SNz FBBEE N7 7 A
=3 3E% (Ocen Optics USB2000) (2 CH L. 500 nm OIEEDHOFBBREZ LI LIV 7 b7 =7),
FIRIZB T 2B DI DFEEE A 100% & L, WEINEMEZ =T 0 T SO TG E R LIk
HIREEIMRIC LV RD, T & LT,

FAMZEBOMA (FRER) bRRICIT o7z, EEAREZ, 2OFEET ITHERER~EH VIR,

Raman 574 JE
Raman 43¢ E 1% Raman 43 Y7+ RMP330 (JASCO, 50 mW laser power) % fV> 532 nm Ofkfa L —% — % H
WCHIE LTz, JEBEIEIX polypropylene % HWNTIT- 72, H > 7 /LiX NMR & (SC-008 #M&. Shigemi) (ZEf
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ik L | peltier microscope stage (TS62, INSTEC) &iEfE= > k= —F— (mkl1000, INSTEC) % HTHIE L7=,
ALY N VEERTIX JASCO Spectra Manager & i\ CTfT 5 72,
B EH.BARERE

1557 NMR 7% (pulsed-field gradient spin—echo NMR: PGSE-NMR) (2 X W I&iEH ks 0 B S ikEta % D
Z2E L7z, JI7E Tid Hahn 073V 2 RSN OO FEAh 72 RS SV 2 2 AT 5 Z L2 k- THs S vz,
S BRI 22V AR AN, 252 2 2 Ty 3 AR EE . S IMERHEES OV A O RRERFHR], A 3SR
SV ZAORKFERTH Y . A ORIZZEMBNCBE T 2 A2 NMR &7 L0 E LTI S 2 &1k
%, ZDOxTa—7F)(E)% Stejskal-Tanner DRUZ T 4 v T 4 7T HZ LIk, DERHLE, 7

In(E) = In(S/Ss=0) = —y2g*>D5%(4A — 6) /m? (2-2)

PGSE-NMR #|%E 1% JEOL 184 INM-AL400 (9.4 T-narrow-bore SCM) 4325 % FV . JEOL +HE8LREEE Ald 7 v —
T EERT T RO CRIE Lz, ARSIV AT sin &2 Ve, BIEICEB W TE, A=50 ms) & —EfE
WEEL, yBLUPEZZLESE NMR ¥ 7 TV OBELBIE LT, M, B5EAEREIT HO0 2 AW TIRIER
ToTco HEZMET D ZLIZE-2TIIA DD %, "PFETIET =D D%, £ LiZTIH LY ®D
ZBAILT, R ~—0HCIEREILY T A L L L TR T/hEWed, B0 HETIEZ 74 25
TOREBHEL TS, HIEREFMEILZ30 KO60°C & L, FREICTEANCLET S L bRl Ly —
RFE LA L U7, IEEE X methanol @ CH; v 7 /L& OH v 7 vty 7 N OZ5 % AV TIRIEZTT -
oo WEV T I T a—7 Ry 7 AT PGSE-NMR B H NMR % (BMS-005J, Shigemi) H'(Z 5 mm O & X
Wb XA, [IEZBRWThLT 7ur T —7 TEE LT,

ARSI

HIZE 1% TG/DTA 6200 (Seiko Instruments) % VN, N FRPHAU T, FHEEHE 10 °C min™!, 30-550 °C O if 2 i
THEZEITo T2, BT M m—T Ry 7 ANTY Y ol daz AW TEMAF A%, KT CTRIEICEE
BN OREIER (GAA-0068, Al A — 7 L HIEUEL 2%, Hitachi High-Tech Science (IH =748 U — R — 1 2)) (T
FTL. WEZLEDT, 5%E BB REZBOIRE Ty & L,

A FAMABEWE

A T AREE IR A = APENHHE LN DHIEPUE L 0.01 M KCl aq. OBE SR M S5 'E
B (Keen) DHEH LT, A E—F 2 AT F 7 A % —[3 LF IMPEDANCE ANALYZER 4192A (Hewlett-Packard)
V. R EGHIPA 2 S Hz~13 MHz, FHIINEE% 10 mV CHIEZ1T-o 72, HEE ST o mAtE v
ZHW, Zu—7Ry 7 ANTERMLLIZAT > L AROMAIER, EHREM, KO PTFE flo A ~—H—
MO 570 (p=85mm, d=2mm OMEIR) [T EZFE Lz, JEIZXS0°C TR =—V v 7%,
0-120 °C OFIRIBRRITE VT, FIRET 1 RELERDZ LI-RICHIEEIT -T2,
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2.3. fER - EBR
2.3.1. tHEEBEE)
Figure 2-9 |Z 3 wt% PBnMA/[Li(G3)][TFSA] & PBnMA/[Li(G4)][TFSAJVAR D% KM E DR R A2 74, 22

THV2 PBnMA @ M, 13 59.0kDa T 5, FHRICENE D 6 b QIR EBROIK T 273 L WRIT A8 Lz,
DR AR OSMEME D T X224 158, 130°C & AFES Hiv7z, [Li(G3)][TFSA] &A% [Li(G4)][TFSA]y
BRI TE W T 2R LT BIZOWTIU T O L 9 ICB 8+ 5, EEM 2 LiTL SIL 7 TIET 71 A
DEEFEFRTIZ L » TRENR (B SN TEBY ., TN F AL &7 =4 OMAEERNRED TV
Do B LI o THEENGERZ L LI 6 . 1| 0 F R OBRERTSEEmMOZEIcFE L, [Li(G3)]'D
TR[LGH] & W ZEMEIFMERNEZEZ B, KB o T L HAEEH LG VWREICHLLEAbND, M
HAERDBRNG S, RSN D &0 T-IL MO S LV RFZ 272 b DI/ D, T E/EA OB S (AHmix)
HE DTN (ASmix) D/NT U ATRIES D DIZN, RROYEE, T, O S EAEH ORI 2 X 0 XKl
BTN TN D E VW2 D, [ComimTBTR DG AL H T A EOT VXN EEII LD AX v TR E, 1
WEORRFAEN IR < K o iR Lo T D,

(a) 100 - —8— Heating (b) 100 - —8— Heating
1 —&— Cooling —&— Cooling
g 80 _\ T 8ot
8 eof 8 ool
5 §
= 40 E 40
: :
c 20} c 20t
[ © \2
= =
0r ok
140 150 160 170 180 190 100 110 120 130 140 150
Temperature / °C Temperature / °C

Figure 2-9. Temperature dependence of transmittance at 500 nm for (a) 3 wt% PBnMA/[Li(G3)][TFSA] and (b)
3 wt% PBnMA/[Li(G4)][TFSA] solutions measured at heating and cooling rates of 1 °C min—1. Mn of PBnMA
in both solutions was 59.0 kDa.

SR % OWIRZE IR S R e MNP F o~
2y FTRLTWD, HTERITEWICEE L, &0 F O
VIR MR STz, SR eh-—FEE iR IT e X7 U v X
DG, [Li(GH)[TFSAEIR D N LD REWFER L 8-
2o TTREMMOE 2TV VROV TELT S, 20
F2CIX[Li(G3)][TFSA]. [Li(G4)][TFSA], £H L DAERFRTYH
FRIRIEFE DO F N DT DICHBREREHOVFER E 2> TS, 2 T e TR
UL PBaMA O F AERBIRE (T,) L0 b EWRE THIE Time / min
BTHoTWAZ LICERT S, T> Ty=58 °C (Table S2-1) T Figure 2-10. Temperature and time dependence of
B T L THSHEC L > T4 U7 PBiMA 77554 Uik transmittance at 500 nm for 3 wt %

. . et § PBnMA/[Li(G4)][TFSA] solution measured at
BI7eifek & 72 0 OED LT FICEB RN L 72 £ F 2 5 heating rates of 1 °C min™' at 120—150 °C.
N5, Figure 2-10 |27~ 9 X 5 (ZHIAyBiEt: O Y 7L % 150 °C

160

150

- 140

<4130

Temperature / °C

4120

Transmittance / %
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CTew T) ICHET D ER 20 %OFBBEEORENBH SN, ZOLIRBURIIL &S TO T, BN
polyether/[Comim][TFSA] &R CHHE CTH 5,

[Li(G3)][TFSA] 1A Tl T CHBBENIE E A L 100%I[F1E T % DIk L, [Li(G4)][TFSA] I&HE TlE Te
UTFICBIT 2 EREE DR K E VY, #8212 PBAMA/[Comim][TFSA] R°% OERAIEIE TOHE 302H 5
O, HEMRERE I T & T, D7, &2 WITEEORENRE L TV D, BiET&mms 17 A v FOEH),
BB NLE T OIEBOREE I 25 5, [LI(G3)][TFSA] &K & [Li(G4)][TFSA] &R D (T.—Ty) 1£Z4E740 100,
72°C T 5 (TableS2-1), £7= T 12T D SIL 7NV 7 OREE (1) X104, 4.5mPas TH D, 3 Lizn- T,
RRTIE (Te—-Ty) MHMEIND &S FOEIMENFERICBN TR N THD LWV R D,

Figure 2-11 (2 & 53 T DIFERAFIE, KOV T BARIFME A2 7R3, IEERAFEIL TS o s & ff & . U 72
LCST DMK TH D EWZ D, £z, - FEREMEICE LT, MM Te2ME T L, 100 kDa F2EE T T,
E—EE o, ZThbbbmEa TR ALY MOy e E—ICHRT LM REETHDH LV 5,

MZ T [O)[Li] LEDiEWNZ LD T.oZ{L LA Lz, (Figure 2-12) &0 FIRE. M, 1XZ0 T 3 wt%,
59.0 kDa (Z[EE L. [Li(G3)1x(G4)][TFSA]. [Li(G4)x][TFSA] % I EIIAME L L7, [Li(G3)1x(G4):][TFSA]
AT [OV[Li] MR R T 212060 TAMERICEL Lz, ZHUE@ o 8 EMBEER L D T4 n

(a) 180 (b) 200
—&— [Li(G3)I[TFSA] solution —&— [Li(G3)][TFSA] solution
170 —A— [Li(G4)][TFSA] solution 190 - —A— [LI(G4)][TFSA] solution
160 - 180 |
150 | F‘\"'*-—.__r,l 170]
160 -
O a0l o
----.u --..u 150
=~ 130} b~ 140[
120 - 130]
110 - 120 -
100 1 L Il L 110 1 1 1 1 1 1 1 1
0 5 10 15 20 0 20 40 60 80 100 120 140 160 180
Concentration of PBnMA / wt% M I kDa

Figure 2-11. Phase diagrams of PBnMA/[Li(G3)][TFSA] and PBnMA/[Li(G4)][TFSA] solutions depending on
(a) the concentration and (b) M, of PBnMA. The M, of PBnMA in (a) is 59.0 kDa.

165
| —B— [LI(G3), (G4) J[TFSA] solution
160 - —aA— [Li(G4) ][TFSA] solution
1551 - &
150 - &0} E
o 14sf ‘/”‘,\/
~, 140f 7 Ka
=~ q3s) ¢ &5
130 /\Q J r’f\-
125l Q S @)
120 L L L L 1 L - ° Su ke
40 42 44 46 48 50 " - -
[OV[Li]/ -
Figure 2-12. Phase diagrams of PBnMA/SIL Figure 2-13. Image of the interaction between
solutions  depending on  [O]/[Li]. The PBnMA and [Li(G4)s][TFSA].

concentration and M, of PBnMA are 3 wt% and
59.0 kDa, respectively.
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WL TEY, P EINTWE7DTHDL EEZBND, —FH T [Li(G4)L[TFSA] &% CTid [O)/[Li] tt
ZRTEETH TLUXFEEAEBL Loz, 2O EDE [Li(G4)os] " D L 9 I SN -E N &S+
AR L TWDDOTIEZ L Figure2-13 IR T X012, HLETEOFHEMAEFEA LTS A F 0T 1:
1 OFHETHY  WEID LiTlET =4 N2 K> TERELI N TV D EHERI E 415, PBAMA/Lig-0[Comim][TFSA]
WEPO LIREZEMSED L TUI EF L TR 32, ZREMRKLTEY, BRRVERTH D,

2.3.2. Raman 3 MR £ 5 $E(AHEE OMER

s D SIL FTHER SILTWD 7 T A LA-LiOFEAEE D HER STV 5 2FE T 272912 Raman 476
HIEIZ XD PBaMA/SIL I8 A2 JE LTz, 77 A LT —ARx— b & Li OGEAMIE T Raman, IR Z W
THLSMBHFERED S5 TEY, FTH [Li(G3)][TFSA] X [Li(G4)][TESA] TIXIZ & A &7 U — 2R IREENTE
FELTWRNT LRG> T D, %33 Figure 2-14 12 740 e TICHN D 7 =4 > D ' — 7 @& & THKEAL
L7z Raman I EDFER %779, 1350em™ FiTiZBIND 7 T A AMIHFEKTHE— 7 W CTREET5 2 L3 —
R TH DD, B TOT AT IUEBICHEET -7 LEAL->TLEI S, Al ThHoT, 870ecm™ (LI
BN 5 v — 7 1L breathing mode & FEIEIL, 7 7 7> =—TF L-LiERD L HIC LAV Ic=— T VRN E X A
< KO NTENE L 72 BRIC B D FRALEEI CTdb D, 35737 @53 FIREEDS 20 wt% & i W EEIIZ 38U T h breathing mode
WCHSRT 2 =27 13 BEE . 77V =277 4 LITHKRT 5 ~809, 828, 851 cm™! i — 7 1XiE & A
BRI SN2 oTz, ZDOZENDL, @A TOERIMTID D S [LI(G3)][TFSA]. [Li(G4)][TFSA] W& <
AF A NIEREE L TR (RFF) LTWD &Nz D,

F72. @O TIREOEMIE, 740 cm ! 1D S-Nstretchingmode & MRS T =4 fEICH KT 5 &
— 7 WO PINNAREEM A~ L 27 R LTWe, 2O — 2713 Lit & [TFSA] OIEREIC B S, L0 KM Bk
73 solvent shared ion pair (SSIP) & 2L B AS contact ion pair (CIP) TH D Z L2 EKT 5, L7 D SIL %t
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Figure 2-15 |21% Raman A2 MVOIREKRFMEZ RS, [Li(G4)][TFSA]. 10 wt% PBnMA/[Li(G4)][TFSA]
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mode KD ™ — 7 [Z[EE FEN) L. 780-860 cm™ D A~27 hABREENML TW5, BIAIXES 5 DOFA
TEANRIELS 720 glyme & OFHAEERABFEXENCTRD DN RTH Y, TBFITE S FRTOEEIZL - T
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Figure 2-14. Raman spectra of (a) PBnMA/[Li(G3)][TFSA] and (b) PBnMA/[Li(G4)][TFSA] solutions at
different polymer concentrations at 30 °C and (c) the wavenumbers of anionic peaks, which are assigned to the
S—N stretching mode. M, of PBnMA in both solutions was 59.0 kDa.
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Figure 2-15. Raman spectra of (a) [Li(G4)][TFSA] and (b) 10 wt% PBnMA/[Li(G4)][TFSA] solution at 30—
120 °C. M, of PBnMA in both solutions was 59.0 kDa.
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AR ITHRFIC TH OFERIZB W TIRIBREE O @ SIC KDL > 7 hg5< | Stejskal-Tanner Re~D 7 ¢ > T
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Figure 2-16. Concentration dependencies of the diffusion coefficients of the components in (a)
PBnMA/[Li(G3)][TFSA] and (b) PBnMA/[Li(G4)][TFSA] solutions evaluated by PGSE-NMR technique at
60 °C.
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Figure 2-17. Concentration dependence of Dglyme/Diithium, Danion/Diithium, and z+ for (a) PBnMA/[Li(G3)][TFSA]
and (b) PBnMA/[Li(G4)][TFSA] solutions at 30 and 60 °C. M, of PBnMA in both solutions was 59.0 kDa.
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t+ = Dlithium/(Dlithium + Danion) (2'3)
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Figure 2-18. TGA curves and T4 of (a) PBnMA/[Li(G3)][TFSA] and (b) PBnMA/[Li(G4)][TFSA] solutions at
several polymer concentrations at a heating rate of 10 °C min!. M, of PBnMA in both solutions was 59.0 kDa.
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Figure S2-1, S2-2 (2779 TG-DTA X° TG-MS OFERMND “7 T A4 AOFEF - /3i#(200 °C 1) — &5 1Dy
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o = gy exp(=B/(T —Tp)) (2-4)
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4T DHEOTRNARKENT LI2X D Figure S2-4 ([ZT7 — X WD IZHE D 5,
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Figure 2-19. Arrhenius plots of ionic conductivity of [Li(G4)][TFSA] and PBnMA/[Li(G4)][TFSA] solutions at
several concentration. M, of PBnMA in solutions was 59.0 kDa. The closed symbol indicate the solution state,
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and the open symbol indicates the phase separated state. VTF fitting was conducted on the closed symbols.

Table 2-2 VTF equation parameters of ionic conductivity data and o(7,;) based on the 7, of

PBnMA/[Li(G4)][TFSA] solutions measured by DSC.

c o B To o (Ty)
/I wt % /107'S em™ /102K /K /S cm™
| 0 43 + 12 | 6.9 + 0.8 | 185 + 8 1.8 x 1070
5 44 + 14 74 £ 09 182 + 8 4.0 x 10710
10 7.7 £ 2.0 9.1 £ 0.8 172 £ 7 24 x 107
15 82 + 3.7 9.7 £ 13 172 £ 10 1.8 x 107
20 109 + 5.8 109 + 1.6 166 + 11 22 x 107
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2. 5. Supporting information
NEFEELEEWE (Differential scanning calorimetry: DSC)

FrINFrTa—T7 Ry 7 ANTEERY > 7V — 7 —ESS-100 (Hitachi High-Tech Science (IHT= A7 A 7
A~ F 7T 7 uv—=) EHVTALEEREAS (GCA-0017, Hitachi High-Tech Science (IH=7AR U — RK¥—
B R) (ZEBE N L=, HIE X DSC7020 (Hitachi High-Tech Science) % V>, 10°Cmin™' T —150 7% 150 °C
DFEPATITo T2, TIN—AT A L OIMFERICTEB Lz,

M,=59.0 kDa ® PBnMA/[Li(G4)][TFSANRIE D T, & OV, FHEFERE L 0 KD H 47z T, % Table S2-1 (2777,

Table S2-1. Tys and critical temperatures (7cs) of [Li(G4)][TFSA], PBnMA, and PBnMA/[Li(G4)][TFSA] solutions at
several concentrations. The M, of PBnMA is 59.0 kDa.

PBnMA concentration / wt % Ty/°C T./°C
0 —56.3 -

5 —55.3 126.0

10 —54.6 122.9

15 —52.4 112.9

20 —51.7 115.6
100 58.1 -

BEEST
Figure 2-18 H1D[Li(G4)][TFSA]. PBnMA, 20 wt% PBnMA/[Li(G4)][TFSA] D&% DTA @ #ifi & 412 Figure

S2-1 1277,

BEE - HEH (Thermogravimetry Mass Spectrometer: TG-MS)

HIE X TG-MS (Anton-Paar) & V>, He FZPHA T, FA-IREHE 10 °C min™!, 30-550 °C il FE &P CHIE 217
Slc, P T MET e —T Ry 7 ANTY Y e T aeE AW TEME AL, KT CHIEIZ RN O
A% (GAA-0068, Al A —7 L RUGEIZ 8%, Hitachi High-Tech Science (IH =R V) — R¥—E ) (Zii F L. HE
DT,

TG-DTA (2B W TR 2 BV B2 L, & 2 WIT RS LN BN T IRE O MS JIERE S % Figure S2-2 12
G

A A AW E
PBnMA/[Li(G3)][TFSANA K DO W E#EF % Figure S2-3 12/~
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Figure S2-1. TG-DTA curves (a) [Li(G4)][TFSA], (b) PBnMA, (c) 20 wt% PBnMA/[Li(G4)][TFSA] solutions
at a heating rate of 10 °C min"!. M, of PBnMA was 30.7 kDa.
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Figure S2-2. TG-MS spectra and PBnMA/[Li(G4)][TFSA] solutions at several temperatures concentrations at a
heating rate of 10 °C min!. M, of PBnMA in the solutions was 30.7 kDa.
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Figure S2-3. Arrhenius plots of ionic conductivity of [Li(G3)][TFSA] and PBnMA/[Li(G3)][TFSA] solutions at
several concentration. M, of PBnMA in solutions was 59.0 kDa. The closed symbol indicate the solution state,
and the open symbol indicates the phase separated state. VTF fitting was conducted on the closed symbols.
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3.1 fﬁﬁn
(ZTIA BT S50 F L B TRZEB) 2 " A
1 = A LT @5y TR O REE T BN BREN )12 78 o T
5 EEZBENTWD, $51Z PBnMA/[Comim][TFSA] 1A% Tl
Holbrey HX° Lachwa O34 I XY U D ADF AU 2HT 5
IL 1238 T benzene < toluene 72 & DB E RG-S M H3 %
WG T 25 EME 2 LTWnD Z & 2R (Figure 3-
1) SN TRERCBUBEAIX VYT A TF AL NHF
F - AEERIC L > THEMEZ > TnD EB 2L
. FEA & C& 7=, Matsugami & X BnMA £/ ~—7% H\»  Figure 3-1.  Snapshot of the structure of
T IL PIeB T ARG ST Y S a2 L —t g T [Comim] [TFSA] and benzene (depicted in
X oMEt 217> CT\5, 3 Figure 3-2 | BaMA € / ~—f} green).”
EONF AV, T 2A L ENENOA d 2 DR Z R LI Tdh %, [Comim] ) F4 MO I FERIC
%t U TR IR 534 LTV D DITKkE LT, [TFSA] 7 =4 132 O JE P Z B BT L 5 IZIERTE(L

THAi LTV DT D330 %, Fujii HIZE > TE /=72 TR<AY Iv— 20 &) 2/ IaLb
—varbiED bR TS, PBaMA [T P U BRI OS5 FIRHEENER & B F 4 v~ AR A 22 %
HLTEY, o TERICRABEBENIEMIC/R S E8®E LT3, 4 (Figure 3-3, (A) 134 FHNFEATEA.
(B) 1IN EBUBROBIC [Comim]" BSA VARG, TR b T4 AR ZRT, ) RiET 5D
F A~ AAERIC L2 OEMENEAIRELZLENL L TBY , FHRICE > THFoOEEEN R < 72 b Lo
HOENHREE L, N D VEER OB IL YA EAEHIZ LY PBaMA & IL 233BET 2 LB TE 5,

F 72 DSCHIER ENBRE DS /8T A—H |25 > TH LCST @B 2 1H#E 5Cu %, Figure
3-4 |Z PBnMA % 5 wt% ¢ [Comim][TFSA] &K O F-RIBFRIZI 1 2 @ DSC HIER K2 2 nd, ° s
AR ES T [Comim][TFSA] IZ¥fR L7- PBnMA OFESTEE (WIEALER) ([CHRT 5 L& 2 b2 30N e B
v—7 GEIOAH>0) PEIRISN TS, T demix DIBFEZR L TWAHN, BRED M, ILAEIZIEE
N ETERIZEET 2 LR T D & ~AHuemix = AHmixs —ASdemix = ASmix & HHE D, BUTIRE DT R /LF—/3T R

Figure 3-2. Space distribution functions, SDFs for center of mass of (a,d) [Comim] and (b,e) [TFSA]
around BnMA monomer. The green and gray clouds represent the isoprobability surfaces of (a, b) 1.8
and (d, €) 2.4 larger probability density relative to the bulk one.3

37



:“_; (A) (A)
sh — =3 | e
- T [\» t '\
a =10 ~5Al %
S 2T 2 o e
] P S
g£3r 510 15 20( (B)
a L]
s
%0 2r -
~10A 3%
1+ f}
0 o . e &~
0 5 10 15 20

rlA
Figure 3-3. Pair correlation functions (gMPgy-gn (r) s) for the benzyl groups between i and j positions of the PBnMA
withn =23 units (i=1, 2,3, ..., 22;j=2,3,4, ..., 23; and a =j — i). The corresponding n = 2 (dimer) system is also
shown in the inset.*
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Figure 3-4. High-sensitive DSC thermograms for
[Comim][TFSA] and PBnMA 5 wt% in
[Comim][TFSA] at 2 mK s1.3

Table 3-1 Thermodyamic properties of various polymer solutions with LCST phase behaviour.’

Solvent Polymer M, /kDa Twin/°C AH/Jg!'ofpolymer AS/JK'g!of polymer
[Cimim][TFSA] PBnMA  78.1 90.9 5.39 0.0150
[C;mim][TFSA] PBnMA  78.1 103.5 428 0.0114

Water PNIPAm 160 34.0 62.8 0.204
Water PVME 70 36.4 67.0 0.217

— % T D AHmixe ASmix (THLICADIETH 5 Z ENERICGEH SN L WVWR D, E— 7 HBENDHRO T
AR O E S DN ERE D 72V O AHmi (AL L72{E % Table 3-1 (2753, PBnMA/[Comim][TESA] &% D
FROYBERI O |AHuwi| 13, FERDOE S TIKIRIK L D EHHET 1/10 BREO K E I LN ENNND,
FRBED X7 XXX —ZAbA 0 Th D EARE LTe8a . FHBED|ASmix |Z/KEHEIE D 1/10 ~ 1/100 FREEIZ
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5, ZOXITEIRICNS ey brE—2iE, IL BEDNEVEEREEEZ AT 51 DICEETH D
PBnMA 7N EA SN2 & E DAL F LGB BHOT N THDH Z L AR L TV D,

ZZTAFRILD PBnMA/SIL MRS DHEEIZD
WCHEZER 9D, Figure 3-5 D L H e B Lo rE
T L@BEA A OMEERIT < O HEHINTE
D ¢ Khanmohammadi 512 & > T B & LitA 4
> O BANEH 3 AEions = —150.69 kJ mol™' & G5 &
DVRAFBH ONTND 7, FRERD b EBRA A A
FAOBREITREIZTEINTH Y, EW0IHIDHRE
v & LI ORYEZE)N B SE R RN & A EFEL
MNWETH DL, L LB LEERILEHSH —R
Y Fa—7 L WOMAFERITASRBIINTE Y FRECEER NMR OFIEIC &0 EAEH OFEE2 R
TOMEN2EINTND 89,

L 72735 T PBnMA/[Li(G4)][TGSAJAIR O H TITMEAR BB E LIBHAEEH L TEY | 205 AHmix.
ASmix DL DB B 2 L SE TV DD TRV EHERHIEND, LER-> TARETIEE TS
FENEY I 2 L—a VE RS Z LT, RUP VR E LITORERA AR T H0EE LT, S 561
TLi-NMR % W THEIERIC L DMFEE 1T > 72, KIZ DSC % H T AHmiy CASmix DIEA K RE DK E STHO0

iam L7oo BRICIEAIRIBD 53 T OREE IOV T H Rl L 72D T 5,

Figure 3-5. Schematic of the cation-p interaction.®
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3.2. EBR
3.2.1. B5¥. BT WMLAEYDERK
Material
Methyl methacrylate (MMA): MW = 100.1 gmol™', d=0.94 gmL™', m. p.=-48 °C, b.p.=101 °C (FE{kK)
2, 2’-azobisisobutyronitrile (AIBN): MW = 164.2 g mol ™' (Fn )i %)
Glutaric acid: MW = 132.1 gmol™', d=143 gmL"', m.p.=98°C, b.p. =200 °C CRF{LK)
Benzyl alcohol (BnOH): MW = 108.1 gmol ™!, d=1.05gmL™', m.p.=—15°C, b.p.=205°C (F{LK)
Cyclohexane: MW =84.2 gmol ™!, d=0.78 gmL™!, m.p.=4-7°C, b.p.=81°C (Fytffi%E)
p-toluenesulfonic acid monohydrate (TsOH * H>O): MW = 190.2 g mol™', m. p. = 103—106 °C (F1Y&H{iZk)
Magnesium sulfate (MgSOs): MW = 120.4 gmol™', d=2.65gmL™', m. p.=1124 °C (BA®RAILZ)
Molecular sieves 4A 1/16: (FnEH{iZE)

INEEZE R 0 Wil te, 7 e —T Ry 7 ARNITTRE LTz,

V VvV YV V¥ V ¥V V V

Z DM OFAIEL 2 TS,

Poly methyl methacrylate (MMA) D5V

7V =T THNVERIZELD PMMA &Lz, Ari&H L7 =Y 107 7 2 2ZHiK anisole, MMA ((MMA]
=2 M), AIBN (0.01 eq. based on MMA) %z, 15min ® Ar X7 ) 72X WA L=, £ D% 60 °C (25
BLUCTESZHE L, RhLSEE, RERERERTHRNT L2 LI TRISEEL L., HEAW
D '"H-NMR A7 |/ (DRX500 (500 MHz) J£ Y &/ ~ —conversion |% 96.8% Cd > 72, (5 (ppm) from TMS
in CDCl; = 3.59 (s, -CH,—Ar: PMMA), 5.55 (m, C=CH: MMA, trans), 6.10 (m, C=CH: MMA, cis))

BHAVRIE % ethyl acetate (E A HE)/methanol (BIRH) CTHILE:Z 3 EITWWER L7, BonAGEREE ()
{ZIS) FEECTEHZEGREL, ZFa—7 KRy 7 2 ([H0]<0.5ppm) (2 TERE L7z,

GOm0 '"H-NMR A7 kL% Figure3-6 |Z/R” 3, £/ v —=° AIBN, FEE YO — 7 B 57

W ENBINLARESHTND Z L E2HER LT, ) a

(MMA: 6 (ppm) from TMS in CDCl; = 1.95 (dd, CH;—C=C), ’(j . water|  TMS
3.75 (s, “O—CH3), 5.55 (m, C=CH: trans), 6.10 (m, C=CH: o o

cis)) (AIBN: & (ppm) from TMS in CDCl; = 1.72 (s, C—CHs)), oo
(anisole: ¢ (ppm) from TMS in CDCl; = 3.75 (s, CH3—0), erc

6.70—7.20 (m, H-Ar: o, p), 7.20-7.50 (m, H-Ar: m)) EAVE “e‘"\”e
WOEFHDOAF VT v b (a) OFEGEEE D A VI i “_L]
25%THY ., T ONNVEATERSNDEST L LT— R T .
i 7efEcdh o7, £, GPC LV MM, = 1.3 F2ET ppm

BT, Figure 3-6. 'H-NMR spectrum in CDCI; of PMMA.
ZEBEET LAY DE

PBnMA & " BKET LAY E LT dibenzyl glutarate (Bn,Glu) % Fisher-ester &l SOintZ CTYERL L 7=,
(Scheme 3-1.) #&tt ) A7 Z A 22| glutaric acid, BnOH (2.4 eq. based on glutaric acid), cyclohexane, TsOH -
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HO OH OH TsOH (cat )
M +
o] o

Cycrohexane
120°C,12 h

Scheme 3-1 Synthesis of Bn,Glu.

H,0 (0.03 eq. based on Glutaric acid) Z/MMZ T 4 —> AX —7F L Vv — MNEREZEY fF1F, 120°C O
FA NS ATHERGE LTz, SUSOHEITIET «— 2 A X — 7 FIZ[EL L7z HoO OILED & Hl L7z,

SCIESHET #% NaHCO; saturated aq. THFI L, ZEak# % dichloromethane (ZHifiHH (3 [A]) L7z, & D MgHSO, &

IRG LIRRK S 2B Lo, MgHSO, Z il CThRrE, = /3R L—Z —TlRifE L7z, £ D% Ethanol &L <
PEFR LM CRFE L, PR L7 BB A BRE LT, =R L—Z — ClRffith . SR CHATHIRIC X iz
B2 L 72, Molecular sieves & 351234 7 /UIC AFU TS THRE 2 AL ERIR S 7% B 2RI L7,
IHIC AriEE 7 —7 Ry 7 ZARNIZE L, HE molecular sieves & iEA. 2 HLL EWRE S W7-1% BEA 24
MLz,

3.2.2. AEHAR O
Material
»  Methyl isobutyrate (MB): MW = 102.1 gmol™', d=0.89 gmL™', m.p.=-85°C, b.p.=90°C (LK)
Ar @itk 7 v — 7Ry 7 ANIZKE L, molecular sieves & RA. 2 HEUL EWRR S W 7-1% A ZHEH LT,
>  Benzyl isobutyrate (BnB): MW = 178.2 gmol™', d=1.01 gmL™, b.p.=236°C (B F{LsK)
Ar @itk 7 v — 7Ry 7 ANIZKE L, molecular sieves &4, 2 HEUL EWRR S W7-1% A EZHEH LT,
>  Dimethyl glutarate (MexGlu): MW =160.2 gmol ™', d=1.09 gmL™}, m.p.=-13°C, b.p.=96-103 °C (K {k
1)
Ar @itk 7 v — 7Ry 7 ANIZKE L, molecular sieves & A, 2 HEUL EWRR S W7-1% A EZHEH LT,
»  Toluene, super dehydrated: MW =92.1 gmol™!, d=0.87 gmL™, m.p.=-95°C, b.p.= 111 °C (FLHIE)

> 1,1,2,2-tetrafluoroethyl 2,2,3,3-tetrafluoropropyl ether (hydrofluoroether, HFE): MW = 232.1 gmol™', d=143 g
mL™', b.p.=100°C (¥ A1 F¥)

> Hexane: MW =862 gmol ', d=0.68gmL™, m.p.=-95°C, b.p.=69 °C (FIIEHI%E)

> Lithium chloride (LiCl): MW =42.4 gmol™', d=2.07 gmL™', m.p.=613°C, b.p.=1360 °C (Fiyt:fli)

»  Deuterium oxide (D20): MW =20.0 gmol™', d=1.11gmL™!, m.p.=4°C, b.p. =101 °C (Aldrich)

T OMOYREH:, SIL., PBnMA 1% 2 =&,

PBnMA /SIL AR 2 FERKE, 7o —7 R v 7 AN CHIEEEZ O TER L2, B FiEik & SIL DR
Bl a—T Ry 7 ANIZTAAA TVICED Lo THEHBERA L, | REU EERL TE-,
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3.2.3. HI%E
BT RKNAF—X BRLEAL (high-energy X-ray total scattering: HEXTS) JIE

W T T v —T R v 7 ANIZ T Boro-Silicate capillary (4% 3 mm, /£ 0.01 mm, £ & 80 mm, W. Muller)
WAL, =ARF UBIRIC CER L 72, & 2 CTHV /= PBaMA @ M, % 4.9 kDa, PDI = 1.10 (MALDI-TOFMS) T
B D, WEITALEMHENESEEE RS2 FE 2 > #Z —, Spring-8 (2T E—2A T A > BL04B2 (2 TR (25 °C)
T{To 72, Figure3-7 |Z/R9 X 512 SiffaD (220) I CTOHFEIZL Y 61.36keV O X A4 LY o 7R
S U7, BEL XM 16 ORI A BV TRRIE S Lo RiEs 4 17 52 2 &L THEIE L, £ 50 °0 DR R 2 Ml
E LT,

Experimental hutch __
'_ Wb T
fil |

"

Si(220) (61 4keV)

{By changing the crystal plane,
Si(111) (37 8keV, 112.4keV) is also used.)
1) hitp:/fwww.spring8.or.jp/wkg/BLO4B2/instrument/lang/INS-
0000000417/ instrument_summary_view

EESIRENS
e

Detector

Move 17 *

_:’ {total: about50° )

Figure 3-7. Photograph of beamline BL04B2.

BonfeTr—42%&fa 0L, X G-1) THEXLNDIEELNY bV g[- NNTEH L Lan(q) Z1F7,
q =4msin6/A (3-1)

ZITOL)L AR EREREELS, ANDEER AT, £, ATUTOR (3-2) & X FOTHLF—LY
=02 ALk gz,

E =hc/A (3-2)

hiX7" 727 E$6.62607 x 10734 [J s]. ¢ IZEZEH DIEHE 2.99792458%10°% [m/s] Td D, Leon(q) % BIFEAL L 7258
JERH — T D &N (Structure factor: SSP()ZAEH L, S HIZZE 7 — U =28 LT R0 A BI%KL

(radial distribution function, G®®(r))% 157z, !
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ex Lon(@) — X nif (@) (3-3)
STP(@) = S+

adm

(3-4)

GoP(r) — 1= a5 (@) — 1} sin(gryexp(-Bq?) dg

1
anrpOJ;
22T filg), po ZENEIERIE T O E IR FHELE . TSR FBEE, WIRORE B, Ao
FOWEE L GEWIUREN O RS b d, £, BITEEFRETHY . G(r) 23 1ITWRT 5 K HREL
oo /A RXEELr<1 AL DHEEEME LEE L%, BEEOEA ST 2170, P[G(0) — 115257,

3.25 FEBFE (MD) > I =2b—23

MD ¥R = bL—3 3 X GROMCS 4.5.5 71 7 A& HWTITo72, 2 Gaussian, b3lyp/6-311 | CThgimfb =
NI2orFHEE (BnB, A A V) &/ THEERL BESRMSFLZEE L TURA L, ZELT 50 ns OEL
FEATICAEH L7c. 5D ILTCED B SMP(g). GMP(g). P[GMP(r) — 11 & [RIARICAS 72,

’Li-NMR JI/&

Yo TE T e —T Ry 7 AN T 2 KA NMR 2 7L F 2 — 7 (SC-008, Shigemi) DHMEIZ AR,
WEET 7rr7—7 TR L7z, NEICIE 1.LOMLICUD,O &% Afv, RIERICERR L 7=, LiCl ® Lity 7'
NENEERE L U=, JIET JEOL-AL 400 NMR % HV >, 30 °C TfT- 72,

DSC HJE

2 % supporting information [FEk, ¥ > 7R, BE L7z, BIEREIL 1-10°Cmin™', 0 725 200 °C D i
CTHIRIBFEDH TIT o 72, TAIN—RAT A & OIMERIC TR Lz, HSBEC X DRV F — OIS IR EL
BE—2 b R_X=2T 4 U CHENDIEBENORME L, 2% AHemix & EFRT D

BIFIE AL (Dynamic light scattering: DLS) JE 315

HEJFRELIZ DV T 3. 5. Supporting information CTaf L < kx5,

PRI N2 HIE TR L 7o Y o PRI SR I 2 B < RS AL 0.2 pm @ PTFE A7 L7 )b
Z—TIEm L, ¥ FNND ZHEEY R, FERIZIEES O THF THeid - #45 L7 Pyrex sflBRAE I 70—
TRy I ANTYH T Ve AN, T8, 7707 —7Tr—U 7 Lz, HlEIX DLS-6500HLM (Otsuka
Electronics) % FVNTITV, 7 — & % ALV-5000/60XO0 correlation system (ALV, Langen) % AV CINEE L, F 67z
H CAHBIR% %2 cumulant VEIZ KD 7 4 v T 4 7D IEERL R & L0 E 2. CONTIN fRHTIED BRI S)
TBAE & 1570, AL Arr L —— (1o = 488 nm), HIEIREIL 20—-140 °C OFIPH T 20 °C 37>, HIEMAIL
40-120 ° TiT o7z, 7ok, PEEFFIR L TOH 7 &b I RFHEHE L THoITo72, £, BT 2R TiE
BELEN ZEHEL A K - LIEMZRRIEEIT 2 /02, B THEGREITV., T LA T OfElk 2 JIE Lz,

TBYTERE
[Li(G4)][TFSA] D JE 731 % Atago Abbe Refractometer NAR-1T % V>, /KAFEREEE (2 LV 10-50 °C O i T
JE A2 L CREZ1T > 72, 50 °C LA EOIREIZI T 2 IR I1I45 b - BT ORI EE FeoXa
WCT7 4T 47352 TREL-T,
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HE - BEHE
DLS fi#HTIZ LB 72 ¥ B ) ON HEXTS FEMT IC MBI 2R B FEIL 24U B 2 DO % [RIRFHIE T & % Stabinger T
SVM3000 (Anton Paar) Z HHWWCHIE L7, o7V o703 m—T7 Ry 7 ANTIT o7,
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3.3. R - EBEE
3.3.1. HEXTS RU'MD ¥ 2 = L—3 g3 VIZ & B

TTE - fiftr. KR OGHRIIBRE N RS AR, (1AK% BRSO b L1T o7,

Figure 3-8 (Z[Li(G4)][TFSA]. BnB. BnB/[Li(G4)][TFSAJAK D HEXTS HIE, 12X > TH L A[G(r) 1]
DFERZRT, —MIAKAFEP (¢ <2 A7) 13O THNHAEER, KA FRREERCE b0 LED
NTn5, 20 o THIFIEAR Y ~—M, &5 031 A B OREREHEIER, %313 PBaMA IS5 O A
ERSay 74 A—va v ERB LR, hF4 v e 7 =4 MoMAEERRME N D, flziE=—tD
[Comim][TFSA] Tidr <33 TN E—27 134 A VO FHNHEER L Wb TEY, 6-10 ADFERITA
AU ([C2mim] —[TFSAT ) HAMEME L TTu— KR —2 385, =— hD[LI(GH][TFSA] 2B\ TH
FERIC r<3 AlCBIF OB VWE—2 L r>5 A7 o — R —7 BBl Cng, 22T, £/ ~v—2=
v NOET LAY TH S BnB Z WM LIZIRIKOE— 27 /1.5 L ERITHND S50, 2.5, 3, 4 Al
DE—7 75 BnB OWEHENNFENT 7 B LTWD Z ENSND, DF D =— FD[LI(G4H][TFSA] & 1T HE e 5 X
PREGELT — 2 DG o TV D,

10 8

sl —g-ign)]rrFSA] b BnB in [Li(G4)][TFSA]

——Bn | &
6| 75“31;?’['-'&)1”“1” 6 @ O HEXTS
BnB_ /[Lil FSA ar

% 4 , JILIGATFSA], al MD
g’ 2
T o
S .
"~ -4

-6

_8 1

0 2 4 6 8 10
riA rl A

Figure 3-8. Experimental radial distribution Figure 3-9. Experimental and MD-derived radial
functions, g(r)s for [Li(G4)][TFSA], BnB, and distribution functions, a(r)s for
BnB/[Li(G4)][TFSA] solutions. BnBys/[Li(G4)][TFSA]o.s solutions.

40 40

Pure [Li{G4)][TF SA] —— Li-BnB
30| — LG4 — 30} — Li-G4
— LiTFSA z — Li-TFSA

20 | — L

_2[] 1 1 1 1 1
0 1 2 3 4 o B
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Figure 3-10. Partial GMP(r)s for [Li(G4)][TFSA] (left) and BnBy s/[Li(G4)][TFSA]os solution (right).
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Figure3-9 [Z/X HEXTS, MD ¥ X =2 bL—3 3 > ENENH
N5 572 BnBos/[Li(G4)][TESAlos I D r2[G(r) — 1]
DFERZ T, WFERITES —HLTHBY, Z0vIab—
VA URERIMSEBROFZROBBUILS L TWDRESNLD,

EBHIC LitE ZDMDsyF & Oy FREFEERZTRY L
7o & 75 Figure 3-10 TH 2, [Li(G4)][TFSA] ¥k Dt R M
O® Figure 3-11 T/R9[Li(G4)][TFSA]HF D G4 A Y @ LitdZ2
5341 BA%X (space distribution function: SDF) DFEHRN G, 2
AMBEDO Y —27 23 Lit-G4 (0 J&1) Fos 1M AEMICH
kT HEDOTHLZ EBNDH, TOE—7 RN
BnBys/[Li(G4)][TESA]os IEIRICHE N T HIF L A EEL L T
RNZ e [LGH] WEEITEEL TWD Z &Aoo
V. 2 B TiR~72 Raman 43 t:X° PGSE-NMR O HIERF R & b
TIELR, £k, HDOT A o CENEAT Li'-BnB,
Li—[TFSA] & FARIZ 2 ARHTic e —2 3 5 2 & 225 LitJE
D2 G4, BnB., [TFSAIEIE & A EREEEICFEEL TWD Z
EMMboDd, (2.3.2. ® PGSE-NMR O#EFR KL TN2.3.5. DA
A AR ORI ERE RS Fam & L TIX[LiI-G4] > [Li—
BnB] Th5,) S 5HIZBnB &% D1 & D5y 1HFEEAE
HZEY H L7 FER2 Figure 3-12 TH Y, 21XV Li-BnB
WL DMHAAEHAN B THY . BnB-{TFSAI % XIZ & A
EHEEHLTWARNWEWR D,

Figure 3-13 |Z(3 BnBgs/[Li(G4)][TFSA]os A&z + @ BnB J&
Y & Li*® SDF OfERZ /RS, T OREHRS Litld BnB J& Y
DHETHLRUEB VR EE T ATV EICHEERENEWN D &
DRTEND, Flo, TOMERITIZAT IV E > XUBUBR
ETho,

ZZ T, PBAIMA IZOWTHFEIBRD Y I = L— 9 V%17
ST, B/ v—0O2=v MiX MALDI-TOFMS O#EHR LY
26 & L7z, E£72. HIER O HIFEBIBIEL eMPaom-atom(r) &
Figure3-14 |Z/R T, ZOFERN O @ TERICTH Z LT X
- C Li*—benzene D ANEAIFZEAL L 72V A3, Li™—O (BnB) [H
DOHEEERMETLTWAZ LB 0D, TAT VN X
HL &R TV D HEERIZHA ®oFEERITFEHEEDOR
HAEWVIC X DN EEENRKE W, I F A N 2T VI
I~ LEE r ol B2 b,

46

Figure 3-11. SDFs for center of mass of Li*
around G4 in [Li(G4)][TFSA].
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Figure 3-12. Partial GMP(r)s for
BnBo.s/[Li(G4)][TFSAJos solution

Figure 3-13. SDFs for center of mass of Li*
around BnB in BnBo s/[Li(G4)][TFSA]os.
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Figure 3-14. Atom-atom pair correlation function, gMPaom-atom(r) for Li*—benzene (left) and Li*—O (BnB) (right) in
BnBy.s/[Li(G4)][TFSA]o.s solution.

3.3.2.'Li-NMR T & % #7537

3.1 HEEIC TR HEFHR ML N33, 1 DY 2 L—3 a3 VGRS PBnMA IS5 FER & LitICFEEL 2R EAT
MHDHEVIMNENTHD, £ZTILINMR ZHVD Z & TZOMEEFEF L X 5 L&A 7-, SIL & OEA
RICixE 7, FHa2=v FOET/HLEWMTH D MB, ISHOET LEY TH S toluene ZfEH L 7=,

%@%7/1/1[2A¢@/SIL W OSEIR D ENEIL PGSE-NMR (2 X D FHANZFHEZITV ., Deyme/Diighiom = 1 T
HDHZEDOLREICHFELTND Z EDRFEND BTV D, (Figure S3-4) i EDOHE D5 toluene X° diethyl
carbonate, hydrofluoroethers & o 72 AR OFFME L 1REG L7254 [LiY]<1moldm™> 2B W\WTH 7 T A AT Lit
WCERIICENL L TR Y | SEREE Z MR L T\ D 2 &30 > T b, 12 propylene carbonate °7K D X 9
IRRBME D BV L IR AT D LEEIRITARET 5, 1 SRV BT UL E IR AIRFEESR TH Y . PGSE-
NMR DR %2 BT T D, (& oluene = 2.4, & wns = 5.6, methyl n-butyrate: MnB)!’

Figure 3-15 |2 &AW O "Li-NMR OFER%Z7Rd, =— M D[LI(G4)][TFSA]HF @ Li'® & — 7 [£5=-0.92 IZHL
A7z, MB OIREZEMEE TN & Lito B — 7 [ 3ERGAl~& 7 k L7z, Raman 3 CHIEL YD, = A7
e LB E L TW D E— 7 BBl STV 5, £72 740 em ! fFL D S—N stretching mode Hiskd & — 2
PRI EA (T A2 &7 =F L OERENIRN 5 J5H) ~EBFEIZT 7 FLTW5b, (Figure $3-5) ZiLbH D5
BRI D, LitE[TFSAT OHBENEL /o722 LICE Y, Lt EOBEBTFEEMIT L, BB >~7 24 LT
LEZBILD, —F T toluene DIREZMMSE TN & =7 [ T@mBESHAI~L 7 M T 2RERMG LN,

CHUTIRBIHRDIFEIC LD HLOTHY , FHEEOBFEOCE HIZ LiMMMHEEA LD THLEEZ LN D,
o818 (Al ISk D LIRS~ L v 7 b T 5, ) EToZDOMOKFEEREL (HFE, hexane) Z RN L 7=V & [F)
ERIC LitD B — 7 [JMEWEIG A~ 7 T HRERPELN TN D, (6urE=62. & hexane = 1.9) (Figure 3-16) L 7273
> T [FHFRICK LT LA BEEICHAEH L COIUXERS A~ 25 THILUIERSGA~ Lo e —2
M7 b5 LW FHEFIETENTHD EF R D,
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Figure 3-15. 'Li-NMR spectra of Li* in (a) MB/[Li(G4)][TFSA], (b) Toluene/[Li(G4)][TFSA],

BnB/[Li(G4)][TFSA], and (d) PBnMA/[Li(G4)][TFSA] solutions at 30 °C. The samples were measured with double
tube where the inner tube contained 1.0 M LiCl/D,0O solution (reference) and the outer tube is the sample. The molar
ratio (x) of additives in the solutions of (a)—(c) are 0 (black), 0.125, 0.25, 0.375, and 0.5 (from pale to deep). The

concentrations of PBnMA in the solutions (d) are 0 (black), 5, 10, 15, and 20 wt% (from pale to deep).

0.2

—A—MB
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—{—HFE
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011
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Molar ratio of additive (x) / -

Figure 3-16. Summary of chemical shift of Li"
signal in (low polar solvent)/[Li(G4)][TFSA]
solutions at 30 °C.
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Figure 3-17. Summary of chemical shift of Li*
signal in each solution at 30 °C. The molar ratio x
of dimer and polymer solution is calculated based

on the monomer unit.



Figure 3-15 [ZR T X 9 IZ[AERIZE /) ~—=2= v N ET /LAY D BnB X° PBnMA % [Li(G4)][TFSANZHs AN
HE LitOoE—7 @S~ 7 N TARRENME LNz, (B /v — X _EEAEOET L O LitOMHAEEH
WICHBREZONDTD, HBATAYTFL— b EEFEHET L E LTHWE, ) 23U toluene IRNIEIR &
RO T D, BBEZE Z & 1Z Raman JIE TIX EH 5 OFEIK B S—N stretching mode [FAKHEEAM (27 b
LCRY, hTFA T =4 OEHERIER > TWDHIXTRDIZ, Th D, FFZ BnB IEKOHIERERIZ MB &
toluene D FEJFERD X 512 H A2 B 53, EERIZ MBoas/tolueneos/[Li(G4)][TFSAlos I8k # I ET 5 & LitdD B —

ZIVHMERES M~ E 27 P LTS 4, BnB & WO MLEWHSROFHER RS 7 FTHDH LW R 5, Figure3-13 T
HRLIEE I, LSRR L 7ET TR 2 AT NV EOBBER T L bHAFEHAHL TWH 71O THS &
Ezbhb,

Figure 3-17 |Z L& KE T /(L&Y (MB, BnB), _#{KE  Table 3-2. Electrostatic potential of O atom (C=0)
FULAH (MexGlu, BnoGlu), #5457 (PMMA. PBnMA) % % model compound.

[Li(GH][TFSA] ICHSII L7ZBED Lito B — 27 D v 7 MR % Potential / C
R, DERITHEER I D SRS E T T DRERR MB —0.557

3 B A7z, Gaussian & K > TR Sz VAR = VEE SRR T g[;éGlu :822?
Fo¥ERT ¥ IL (Table3 2) [THEAKRE “BKETIE Bn,Glu 0564
EANEEDLLT 2010 ThDTONIRNE YESS

AT LD TH RV, FFIZ BnGlu B T toluene &K & FEFIZIHWS 7 2R LTWDH, ZIhba=y
AR SNDZEICLY LEHEED ETLOHATE L) RiEEEZ LV 5 <o TV, BRERDIEIHE
M SN/ ERRBREND, (B TR S OICESTFICRD L X VIREES S 7 MunstETe, PMMA iR
BT T D2 EIC LY, ESEFEORM L TV D AT LB~ LSBT LEE 7o T D 2 & Ma %
%, % LT PBnMA &R toluene IR & B 2 DKM 7 & 7r LTz, BAE XY PBnMA OIS FER & Lit
WENHAEER L TWD Z ENGEH Sz, [Li(G3)][TFSA] IERICER L CH AR OREIT - TR Y . [FkE
RGN E o7 M ORERBE LTS, (Figure S3-6)

TAE3.3.2. ®Li-NMR OFEROMEmM & KL< —FK LTV 5,

3.3.3. DSC JIFEIZ X B = R/ F—INK

Figure 3-18 (2 10 wt% PBnMA/[Li(G4)][TFSA]® DSC € DfE R % x4, /o1 EiL 59.0 kDa, FIEHEE X
0.5-10 °C OFIPHTH 5, 1 °C min™' LA EDOFIRIEFRIZ I T 115-120 °C f14TIZ LCST @ demix iEFEIZH KT
HEEZDLNDWEE — 7 PR SNTo, LD 5 CTAHmix X OAHmix WIEICIETH 5 EHER SN, ZOHIE

EEITBRFILTH D Y T A Y T 5B EZREF OBI% L L CTHIE LTV 572 | (KRR 5| Ol E T
IESN HEELS, =R A XN TLE S, MoHEENES RO ANT O — 7 mfEiEkE <
ROHN, EERBICENDNAEL, E— 7 OREFH GRS 25, LLEAEA T, BIFIE 5 °C min™! O F-iRHE THI
E L7z, BARAIT 80-100 °C I W 541D B — 71X Al (Pan DAMEE?) LK TORIGIZE D HDTHD

49
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Figure 3-18. (left) 7: and thermodynamic parameters at several heating rates for 10 wt% PBnMA (59.0
kDa)/[Li(G4)][TFSA]. (right) T and thermodynamic parameters.

WAy DORE 2B S8, WEAE1T-7-, (Figure3-19)2 %, 2.3.1 THIE SN/ZEBRIZEL D T.D
FEAREER, &0 FIRE O TAIRA IR T T 5/ RGO, L LD B A Hemix 1EIE E A
EZELTWARY, ZIUTEEZICE > T T RAIIFEZ(L LA, o8z 4 C7BRIC &5 f—rich
*B & SIL-TichFAIZIZ E A ERBIZHBEEL TV A THD EEZHILD, LT > TAIERAIE S 3072 AHdemix

21 DT BT A H i & L THED o TRIEDR 2N LW 2 5, BEEHINC X 280 BN E BB L,
BRI 10 wt% DR EE CTRIEZ1T > 72,

& 5|2 PBnMA D4y B AFM S IE L7z, (Figure 3-20) AHmix 15 My B/ ITEEWED L, 20 kDa LA
TIEHERTTRE T > 72, 100 kDa LA LD T i3 —ETH D720, mmfﬁﬁﬁwmrﬁwﬁ‘@fiw‘f eam C
72\, Flory DR HET AN AL DNDIREDT U AN E—I0FBIIKIE LR, Bz
B TEEBIRN Y m o - CHBRICH AR TETWnH b T :ut,eu\ CHERI SN D, BEBL
PBnMA/[Comim][TFSA]D ¥ 2 2 L—2a > ThH D X H 12, @ SO TN EE L OFEA PR X
TWHDTHAH, dELIX3.3. HioK®kIZHERT D

Table 3-1 & i35 & . PBnMA/[Li(G4)][TFSAIR D T 2T % |AHmix| (3 PBnMA/[Comim][TFSA]F
DK 12, KFBD IR0 BREDETH 7=, 2FD, WEE THEINTE7/ LCST ROF T HGD THA
TERNEINRTH D ERnI T,
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Figure 3-19. T. and thermodynamic parameters for Figure 3-20. 7. and thermodynamic parameters for 10
PBnMA (59.0 kDa)/[Li(G4)][TFSA] at several wt% PBnMA/[Li(G4)][TFSA] at 5 °C min™" with
concentrations of PBnMA at 5 °C min ™. different M,.

3.3.4. BERHP OB T DAV T H A —va v

BAPIRREIZ & 5 PBnMA OBEAIRIEA AT 57212, DLS Z HWCTHIEA1T o 72, 15 H4v7z B CAH BRI
I% Cumulant %% FIWTHENT L, BUEIIES . EAEKGEE (GDHE ¢ OBIR) TR WEIEEZ > T
776

B IR 551 OIEREL (Diffusion coefficient: D) & 438 (MW.) ZL345Z L2k v,
WL TCWDRFDary 7+ A—a /A5 2 LN TE S, 7 L <IE supporting information (& Tk 5%

VORI OSERER, RS, MIEEHOBAZNZEN T, D & MW.OxE > v v~ kO E13-0.33, -0.5, -1
LB, Bl 2L Table3-3 1237 &L 9 e @ /0 I3 & 23-0.5~1 Offiz & 5, 4|, MW.E LTIE, ARkl
72 PBnMA @ PDI N IEH 1A, M, 28 L7z,

BARE ., 2 Mo 12xF U CHIE U723k 8% %% D % Figure3-21 12”53, ZOFfERNLAEEICBITS D & M, D
M 7wy MUXRWHRIEER R 6N D Z LB D, 74 v 7T 4 712 H > TRD A7 fHZ % Table3-
412”7, 1<100°C (2B W THEH Z 13K9-0.39~0.44 DA & > TRV | MO &S TR & ik 5 & ik
ERETELITWVDROPE TN L CTWDERER LR o7, K (3-5) MORFHOES THEEp 2 RDDH & £10.2
gem ! THLINOZYERETH S, (dsama = 1.04)

(3-5) Table 3-3 M, dependence of diffusion coefficient.

D=2.5x10" (M.W.)*%®  Poly(styrene) / Benzene"

D=6.2x10* (M.W.)%®  Poly(isobutylene) / CHCI5”
Na X7 AH R EHTHDH, FlE/ ~v—2=v I D=2.8x10" (M.W.) %4
1 D2k LTHF 2 Dk T 2 SfAL AT Re 7 i D=2.7x10* (M.W.y%®!  Poly(isoprene) / Cyclohexane?
<H 5, D=2.0x10* (M.W.Y%5"  PNIPAm / H:0*

D:(M.W.)°54 PNIPAM / H0%

Poly(isobutylene) / Benzene?
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10° Table 3-4 fitting parameter of Diffusion coefficient of
-0.554 A ﬁag PBnMA in [Li(G4)][TFSA] at 1 wt% at several temperature.
- 107 ¢ \ s e t/°C slope
n ® 140°C
e \ 20 -0.389
o
= 10°} 40 —0.423
2 " \\\‘
‘:};;“\-\\\*\\\‘ 60 0429
" 80 —0.435
M_/Da 100 -0.404
120 —0.485
Figure 3-21. Diffusion coefficient of PBnMA in
140 -0.554

[Li(G4)][TFSA] at 1 wt% at several temperature.

Figure 3-22 (3 Ry ZIRFEIZF LT 2 v b L7c &R d, BBRERVL 2 L ITRIR DY B 60 °C (22T THLF 130
ML, ZORIGHEL T KO RZE#HEZ L > TS, AL TV & W) 2 L3 E- Moz e e —
WNTA=Z Yy INIETHDHZ L aBWT 5, DSC DFERND TAHEIZENT yi> ThoHew, DF 0 FiRiE
BIZBW Ty OENDLA~DOUHENBETWNWDH EBZZ LD, 5 DSC DFERNL 025 L HIZILH
OAAERNRT A—=ZIFIEFITNS L, ZORIREBRR VST W LRI IND, £z, SIL O
AT D2 L2k v, BIZI1E UCST, LCST FR ORI E AfETIERWW N EEZ 5N 5,

BBIZ My> 60 kDa LL LD @53 FIFMBEL TLEWHEN TERNo72, Ma<40kDa O my M &7
AT 47T HE MEIT-05 28R D, Rl JUGEAANCH D L TR T RFERTH S, DSC DR L
P T3.3.5 ICTR VIR #iw T Do

8 10
71 ’/Q—”H\. —=— 49KDa
—A— 19.0 kDa
6l —y— 43.7kDa
——107.3 kDa
£ 5r m E 0.39~0.43
< 4r = " 20°C
-~ —
"~ ‘——’JN-‘.\‘_\_‘_‘\“ 3 A 40°C
& 3 x v 60°C
¢ B80°C
2t A 100°C
v 120°C
1k ® 140°C
10° : :
0 L L L L L L L 3 s 5 ]
0 20 40 60 80 100 120 140 160 10 10 10 10
Temperature / °C M /Da

Figure 3-22. (left) Hydrodynamic ratii (Rns) of PBnMA with several M, in [Li(G4)][TFSA] at 1 wt% at several
temperatures. Rps were calculated by Cumulant method. (right) The relationship between M, and Ry.
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3.3.5 &5

DSC & DLSIC K> T O RAHE L, i 5, £THMHEE LTDLS LV AMES bivicp, LV HEAR
DHVIEE (EOFREERICBIT2a 73 A=Y arz2Eboo, BRICREZHODRI T LDTES
W) 13 15wt E MR S D, (R0 T depavas diicanrmesa) & W #EH) 16> T, DSC HIED ¢ =10 wt%
TTIXPBnMA £ 7 A > M AB+H431C SIL #0RFELTZBREE L IET 5,

BLAEFIE R IZ BN Ty Ay DR 720052 TO SIL BHEHENTZZ LICE DO ERET D &

|AHmix| X Vmix (3'6)

ET D, ZZTONHmi T2 =~ —1HN72 Y DR NF—BTHY | Vi [FFERLFOEETH D, o
T\

|AH | ¢ (Rp)® o< (M, )3 o M, (3-7)

& DT, x 7 Figure 3-21 O & . K O Figure 3-22 O & x—1 (2457 %, Figure 3-20 Offixt iz My, Na T
O My b BB T ey LD L HEIT LS8 ERESND, > Tx=0530 L7225, DEV TERNT
AGuix 3 0 \TIEDERLERSY, @A TR AV MERENSHEL) Lo FrE—IZER > TNDHD T
ROMmEERbND, UbEdELDH DL L, FR— (INHE: X 04) — &l — (B HE >05) — T ew
DB E Lo TND T E TR E N,
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3.4. ¥ ®
PBnMA/[Li(G4)][TFSAJA#RIZ DT LCST ZENFEELA I = X LT DWW T L7z, RN BIEIN TN D
X T AEZRNF —FT T L D AHnmix D3 ASmix WA TH D &5 T & H BT HRHLAE DAL,

@ 'Li-NMR, HEXTS, MD ¥R = L—3 3 > X 0| PBaMA IS5 FER 2% L C LS BECH E/EA T %
£ 9 eiidEE Lo TV D,

@ PBnMA A FRIZIT T m A7 ML S LiTBSHAE LTV 523, BnB IAK & HET 2 & & 7R
R CITMI L TV 5,

@ DSCHIE LY AHw <0 TH Y, Z OHE%HEIT PBnMA/[Comim][TESA]R DF) 1/2, KD 1/20 FEEE OfE
ThoTz

@ @\HTOarTx A—a 3R (IUHE: BIEER~ZFRE) - iR — (I W) - 7 ev
IMBEETENL TWND,

LIbEDZ LRERIZE VRSN,
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3. 5. Supporting information
DLS @ﬁ‘g 13-15

57T 72 E ORI D30 0 L7252 Tl SRR Ok 7238 — 12 L T D & — RIS EIIC R A 5 2
EWBH D, L, Mk I@E s T T v U EE A LTRY . TOBE IIRE RIS D LR A
D INSBRLAIZRDIZEERLS 8D, ZOT7 T U EENC LV EIERE VWA EH RPN 7 v (TEERR
FEORL EPFELAE—ITRoTNWDHDT, KRNI 2 LEENEZ 2, Z0EL 12X 5 AFHEOREL
DHBELTH 0 . HEELIZE R — 2 BE P I 2 v, SRR —MEIC L 0 BELSh 2 eix, %
BL - OB U CTASHE & BELEORBIE A TND Ky 7T —2 7 "RRZ 5, Z ORBIERZITE
K@~é§%ﬂ@@b%%w?mékwmmﬁw%%Oo:@A%%%ﬁ@’ﬁféﬁﬂt%@@®/7k%
ROMELERE OB ERIT T2 Z & T, b T ORI F A F I 7 A GEB), BREEE. JE8RER L) 24
LHIZLEWTED, ZOFEDZLEDLS L9,
DLS HIiE Tl&, o7 ic
—F—RERE L, WESD

DT T 7 BN L 7z #iEL . [1
DD E &R L TN, B O
(Figure S3-1, left) BT E)E
IREARIE, IR ZAERL L TV D A
FRFEHE SN A B Figure S3-1. (left) The schematic drawing of DLS equipment. (right) The
WIZHT B LB 5 =% %5EE.  Fluctuation of light scattering.

L2, LU, IR T O HGRTH D | RT3 IR ©7 7 v il# 2 LT D & BEDE O
BUIRL T OIEBIS U CRELESRE © 28k L, DLS O IZIE Fig. S3-2, right D L 9 72R A U > 7 L L
NDFAFHE LIEHEEORS EOTHENBIRI SN D, BH D (<<Ap A%y 7 P4 X) 1281 5
ELC ORI XTI 2 B AT S L ORELAB 2 T4 25 Z & T MK 70X 1 77 ZZOWTORHERNIE S
ND, T OWELCIRE DR 2L ZET 5 Z & TH CHBIBEE S5,

HOAMBR & 13 H o LR (JoL 2T t=0) & t=

sample

71, 72, T3 ORICORTOEARY o\ D2 R B hoTIIER
HLLTHELEbOTHS, Figures32 1oRd 1310, o4 '@ '
INEVEHZ IR 13 b 0 BE LT e LR EE D 990

BIENE S, BmOEBAERT, UL, OBkE<Rse 2]

BT DAL I RHEEIS 2 D 72 BELBREE & 7 o & M2k ‘

LAIBIEIE L A 8RB 725, 20T b b [ O 0

BABISI T RSB R i  BIS & 72 B

FELIREE OFF & 13 THBIEIC L v B CMBIRI% E L
TERALTE 5, MELLIZMETEOM I BN BT
B2 LT ko THRINS N 2. IR T L 2 & LTl
EENMBFHC L VR T LR EErOBEEOHEME  ° T, . >
MR S B, MM TIEAD SNV 2 % FHl
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Figure S3-2. Conceptual diagram of auto-

correlation function.
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Figure S3-3. The model for the relation of Brownian motion, fluctuation of scattering intensity and

correlation function.
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0

L5,

GINDBARIDEGE . exp(-ID) % & L72 cumulant {EZ2 W5, £37, gD NTONWTOE—A Lk () &
BEITS &

9@ = |

0

ooG(I") exp(—Tt)dlr = Jw G(I) (_WI;T) dr = (I;n—>|m (—p)m (S3-8)
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L%, ZZTg(TIE72 < IngW(DIZkt LT cumulant BERH & FEEN D [AEED BB Z21T 5 &,
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m=1

L%, 2T, Kn lEmKRD cumulant TH D, £T— A > FEBIE cumulant BB D A2 >\ COMREIEERIC &
DULTFD XD REHmAHGELND,

Ky =(T). K, =('?) —()?. K3 =(I®) = 3(I(I'?) +(T')? (83-10)
L7235 T, cumulant (5% 5 &
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g @) = A, exp(—K, 7) + Ayexp(—K,7) (S3-14)
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Figure S3-4. Diffusion coefficient data of components in
[Li(G3)][TFSA], [Li(G4)][TFSA], and model compound/SIL solutions
evaluated by PGSE-NMR technique at 30 °C
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Figure S3-5. Raman spectra of (a) MB/[Li(G4)]][TFSA] and (c) LifTFSA]/MB solutions at several additive
concentrations at 30 °C. The spectra of MBo.s/[Li(G4)][TFSA]Jos and 1 M Li[TFSA]/MB solutions were
deconvoluted to [Li(G4)][TFSA], LiiTFSA], MB, and the others. (b), (d)
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Figure S3-6. The summary of chemical shifts of
Li* signal in the toluene/[Li(G3)][TFSA] and
PBnMA/[Li(G3)][TFSA] solutions at 30 °C.
The molar ratio x of the PBnMA solution is

calculated based on the BhMA monomer unit.
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4FE A FUREOEER D PBnMA EigiE D2EE)

4.1. S
FIZT LCST RIS IT DB/ T A —HIZ5nT2h, IL FOMEITAKROZEE) & g 2 & F L <

INEWD, LR TED FOREESCIL OO T A2, T4 VI L » T TR EFICRELZITT 0, iz
I¥ PBnMA/[Comim][TFSA]D T, 75 105°C T 2 DITxt L, mior TR B VB & = X7 VAT O R FEEN
1 2%\, poly(phnylethyl methacrylate) (PPhEtMA) % V7= PPhEtMA/[Comim][TFSA]®D T, (% 42 °C ~ LK T3
%, 2(Figure 4-1, Table 4-1: 1a, 1g) ZAUI_C BB EOHAEANT XLV E—HIZE T LD TH D
EPPEFBELEE OV THE SN TV, (= b e B ST R W) E 2 E T 5ERE TH D MeO (le),
BRI TH D F (1) % PBaMA O m (VAICH T 2mn FlEELH6 b T 2K FSEL5HmIcH D, =x/L
X —MICBE 2 HEEUT TE D RRIEFERETSE STy,

SBICAIXVS VT A TFA L EOTAINEEMET R E TLIZ EET A, ZOHEMIZRY) =—F 1
/[Comim][TFSAJEIR CH O 52 ZAUTT AV F IR O R 2 % 0 ZIL SV 7 FICFEL TV AT,
RO TEDRAIZEDZ MaE— K TR IFEERELSBNTEHTHLEEZ LN TND, 43
71 F A ~PBaMA, 1 F A U ~[TFSA] D BAERIIHFHITH Y . 7 =F 2 Db A ZHEFEMED ] < 72 2 FRIEAE
BHEC /2 D, 2877 RUB D L) ORI Z T 244 IL ISHZSAT & | cis-trans & U D JUNREREE 72
JTH T FE (kT 5, 8

T, BOTHET VA LIEEGHRIET D Z LI Ko THRBMLHE T 22> ha—L 352 LR TE
Do —MRIC, T X LILEARTIIME L TV D E0 O BEEEZ GT) B ENTIETIRND,
—FTT7ay 7 KEAERTOKE 7 A NOWEITE 7 A v N EERT D% O& ST OWEICER KTFT
Do LML LILRTIEHBEET 285 FICLo TOMMERELA SN AR/ TS, 012

APETIL PBnMA B A/[Li(GA)[TFSA] & had & L, I F 4 OREEZE L, 7 =4 OEZE L, FEER
o7 vy 7 IKESMEENENEEEZ R LT, 72 DRFAIZOWTENEFHE L7,

H3 '('C"Z_?:i
Lou i_)_ I Table 4-1. LCST solubility behavior of 3 wt% solutions of polymethacrylates
- e
/c\ © °*°“*t@ (1a—i) in [Comim][NT£2] (n = 2, 4, 6, 8) from 30 to 250 °C.2
O O—CH; 1g m=2
1ih m=4
1a R=H
ol i [Comim][NTf;] [Csmim][NTf] [Cemim][NTf] [Cgmim][NTf,]
1d R=CHy '('0"'2—?');
b B e oo @ la 105°C 158.°C 225 °C soluble
; ’ 1b insoluble insoluble insoluble insoluble
G G le insoluble insoluble insoluble insoluble
1o |l 1d insoluble insoluble insoluble 162'°C
H3Cme i —CrHznst © F3C—S—N—S—CF; . : “
N\@/ ﬂ E le 54 °C 130 °C soluble soluble
[Cmim][NTE] (n = 2,4,6.8) 1f 87 °C 168 °C soluble soluble
Figure 4-1. Structures of lg 42 °C 118 °C 218 °C soluble
(b | th at 1h insoluble insoluble 144 °C 242°C
poly(benzy methacrylate) i soluble soluble a a

L. )
derivatives and ILs. “ Not determined.
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4.2. ER

4.2.1. HHF. BT MELEHDEHRK

Material

> Acrylic acid: MW =72.1 gmol™', d=1.05gmL"', m.p.=14°C, b.p.=141°C CEE{LL)
Methacrylic acid: MW = 86.1 gmol ™!, d=1.02gmL"', m.p.=16°C, b.p.=197 °C (F1TfbK)

> Isobutyric acid: MW =88.1 gmol™!, d=0.95gmL™!, m.p.=-47°C, b.p.=154°C (FI{bAK)

>  2-phenyl-1-ethanol (PhEtOH): MW = 122.2 gmol™', d=1.02gmL ', m.p.=-27°C, b.p.=220°C (HiUfbk)

>  3-phenyl-1-propanol (PhPrOH): MW = 136.2 gmol™', d=1.01 gmL™!, m.p.<-18 °C, b.p.=235°C (Hnifk
Fik)

>  m-fluorobenzyl-1-ethanol (mFBnOH): MW = 126.1 gmol !, d=1.16 gmL™!, b.p. =201 °C (Aldrich)
m-metoxybenzyl-1-ethanol (mMeOBnOH): MW = 1382 gmol™!, d=1.11 gmL™, b.p.=250°C (FA{kLEK)

> m-methlbenzyl-1-ethanol (mMeBnOH): MW = 1222 gmol ', d=1.02gmL™', m.p.<-20°C, b.p.=216°C (3K
HAbRL)

>

>  p-methoxyphenol (MEHQ): MW = 124.1 gmol™!, m.p.=172°C, b.p.=287 °C (HiL{L %)

>  Phenotiazine (PT): MW =199.3 gmol™', d=1.36gmL"', m.p.=182—-185°C, b.p.=2371 °C (FnyeHlizk)

> Silica gel 60N (particle): (FH/L5%)

>  2-phenylethyl isobutyrate (PhEtB): MW = 1923 gmol™', d=0.99 gmL"', b. p. =264 °C (HIT{t.K)

B S a0 —T Ry 7 ANIZKE L, molecular sieves & {RA. 2 ALL EWRIE S8 7-% EEAEHEH LT,
Z ORI, SIL, PBnMA (ZBI L CTix 2, 3 EFETH D,

T v—DEE

£ / ~—"T& % benzyl acrylate (BnA) phenyl ethyl methacrylate (PhEtMA), phenyl propyl methacrylate (PhPrMA),
m-fluorobenzyl methacrylate (mFBnMA). m-metoxy benzyl methacrylate (mMeOBnMA). m-methyl methacrylate
(mMBnMA) 13 3 E[A4% Fisher-ester & G TIERL L 7=,

5] & L C PhAEtMA D& e % k<%, (Scheme 4-1) F A 7 X =1|Z PhEtOH, methacrylic acid (1.2 eq. based
on PhEtOH), cyclohexane, TsOH * H,O (0.015 eq. based on PhEtOH), FE&2E(k#A] & L C MEHQ (0.005 eq. based
on PhEtOH), PT (0.005 eq. based on PhEtOH) =Mz, 74— AX —UE LT hn— NaHE Z 0 117,
110 °C DA A JLS A TIMEGEFE L7 BUSOWEATILT 4 — 2 A F — 7 BTN L 72 H0 OYLED Bk L7z,

TsOH (cat ) T
CYc:rohexane %

110°C,3 h

Scheme 4-1.  Synthesis of PhEtMA monomer by Fischer esterification reaction.

FSHE T, NaHCO; saturated aq. CHFI L, £ % dichloromethane [ZfhHH (3 [B) L7-, & MgHSO4
EIREG LIRS ZBRE Lok, MgHSOs Z iR ChrE |, =/ \AR L —Z —TifiE L7z, £ D% silica gel KT
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hexane : ethyl acetate = 95 : 5 (vol) DIREIRIK (BHEK) ZAWIcA—T 2 BT 8 7u<x 777 4—2XK05
L7, #EHIME Y v~ K27 7 ¢ — (thin-layer chlomatography: TLC) % FHV>C/Z3Hi L (Re=0 (MEHQ, PT),
0.172 (PhEtOH), 0.463 (PhEtMA)), T/ AR L — & — TiRffEt4, Fil CHERET 5 Z LI X v BRAERY 257,

O E D "TH-NMR O H % Figure 4-2 |27~

Ar
DFRERING R E RO, EAEEIEA], W bj\\/ LAY

BRREINTND Z & &2 L7z, (TsOH: §(ppm) from o o7

TMS in DMSO-ds = 2.30 (s, CHs—Ar), 4.83 (s, S—OH), d

7.08=7.18 (m, H-Ar: 0), 7.43-7.53 (m, H-Ar: m)) (MEHQ: & Ar o |

(ppm) from TMS in DMSO-ds = 3.65 (s, CH3—0), 6.66—6.68 TP [ e

(m, H-Ar: m), 6.73—6.75 (m, H-Ar: 0), 8.91 (s, Ar—OH)) (PT: l TI\fS

J (ppm) from TMS in DMSO-ds = 6.67-6.99 (m, H—Ar), 8.60 e

(s,NH) & 5121 A ALE B4 (IMS-600, JEOL) | o8 6 ppn‘: 2 0

DAFAALE=T O mz BoyFRRE—HMLTNHIL Figure 4-2. 'H-NMR spectrum in DMSO-ds of
iR LT, SRlO&ES A MITEEAKMED %, molecular  PhEtMA.

sieves & LT T LI AN TWEEIC THRE . 2 HEL I

Wil S W7otk LA AR LT,

ETIHEEYDESL
) v—HREREETH D, EEEIEANIA VT, isobutyricacid & D KIGIZ & - T 7z, Molecular sieves &
LI T AT AN TR TRAE . 2 B EER S 7% BB AR Lz, & 51T Ar BIR% 7 v —7
Ry 7 AN L, B molecular sieves & IRA. 2 HLA B S 7% EEAZEH L,

B FDOEHE

BRI 2 BRI TH D, T, BMEWVESS T (polyBnA(PBnA), polyPhEtMA(PPhEtA), polyPhPrMA (PPhPrMA))
IXERE S, T T a VEEIC I R LT,

F 72, poly(benzyloxycarbonyl methylene) (syndio-PBnA) 1% Table 4-2. Molecular weight and PDI of syndio
FRET RS b —Eh#Em L vt h7z=b oz H\v  PBnA.
7oo BECFNAIL Figure4-3, 53 F &, 7 f #5040 13 Table 4- M, / kDa PDI
2R Th D, 118 3.84

Me
Q
0 0 o
- —@-§'N-N-§-D— % g"ﬁh*é n
(0] HH 0 rucH,
o0

o= "0
» O 0 >

CEY e H:) -N,, 14 h,rt.

B. de Bruin et al., Organometallics
b I b tat BnA 2010, 29, 2823-2826
enzyl bromoacetate n sydigrmA

Scheme 4-2. Synthesis of syndio-PBnA.
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4.2.2. IL DERKEOFHR
Material
>  Methylimidazole: MW = 82.1 gmol™', d=1.04 gmL™', b.p. =198 °C (B {LjK)
CaH, Z N Z T Ar Z7PHSU T 40°C C 1 BE PAifaiete . BULZEE 2170 Schlenk & ICEML L K7 A R > 7 A
. EE TRE L,
Bromoethane: MW = 109.0 g mol ™', d=1.47 gmL""', b.p.=237-40 °C (EF{Ljk)
2-propanol: MW = 60.1 gmol™', d=0.78 gmL™!, m.p.=-90°C, b.p. =282 °C (FtiF)
0.1 mM silver(I) nitrate aqueous solution (AgNO; aq.): (FIEH{i%E)
Lithium bis(pentafluoroethanesulfonyl)imide (LiiBETI]): MW = 387.1 g mol™ (B B{L)
MBAEETEREL /e —T7 R v 7 ANITERE L,
»  Lithium perchlorate (LiClO4): MW = 106.4 g mol™! (Aldrich)

MBAEETEEL 7 e —T7 Ry 7 ANITHRE LT,

YV V V V

1-ethyl-3-methylimidazolium bis(trifluoromethanesulfonyl)amide ([Cmim][NTf3]) DEH

B RULBEFN D FiEAE 2B ITAT > 72, (Scheme 4-3) Ar ZXPH 5 T C 1-methylimidazole & cyclohexane (1-
methylimidazole : cyclohexane =1 : 1 (vol)) & =Y 07T XA 23|ZMZ, REKBIZTHEI L=, Z 2z, EFF
i P — &2 MW T bromoethane (1.1 eq.) Zp->< D & F L, 4 BILKIEEIT 572, 0°C~r. t.C 24 h Ji#
L FAERDNTG ST, T8, 2-propanol (R ) ethyl acetate (B & W TR 21T 72 (3 [El), [
Wk, HAEGREIT ST,

3 5472 [Comim]Br % i S O AKIZIEME L, LI[TFSAIKIENR (1.1eq.) & A7 7 AafTRELAX BV R
BOSZEAT- 72, BT 24 h #{#R%. K-ROMSEERES B Sz, @ GFKH) 27 07— a i
X VEYL L. dichloromethane THAR L 72 MK CHeyF#/EA MV IR LT, (PEiEE OKE IZERRERKIEIR %
HfmA Tb R@AE Ll oot 6122 ) oA Z =/ S L — & —ZTHRfE L. 60 °C T
INAE 2 2 ATV A F I ORI IR 2157,

AR S N2 [C2mim][TESA]IZ 7 0 — 7 R » 7 ANICTIRAE LTz, £72% v T 2 4 U P — 3 i3 'H-NMR (in
DMSO-ds) 2L V1T>7, (J(ppm) from TMS = 1.42 (t, —CHj;: N—Et), 3.85 (s, —~CH;: N—Me), 3.85 (q, "CH,—: N—Et),
7.68 (t, ~CH—: imidazolium, H(5)), 7.77 (t, ~CH—: imidazolium, H(4)), 9.10 (s, -CH—: imidazolium, H(2))

1 1
.R -
[1% step] \N\ \p'N + ReBr cychlohexane or toluene g \N®N * Br
— at 50 °C for 24h =
Ry R4
[2 step] \“NéN’RZ B L'Xv::erNax \NéN'Rz X
\‘—/ atr. t. for 2dh \‘—/

Scheme 4-3 Synthesis procedure of ILs.
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[Li(G4)][BETI]., [Li(G4)]ClO+ D
G4 & LilEAZHEEIIRDEII AL THICEY VD, 60°C T 24 BEffjLL Bim#E L., MEAHI 2K,
[Li(G4)]][BETI]. [Li(G4)]]Cl04 Z157=,

4.2.3. ABHERORH
PBnMA #F8HE, E7EEBY[Li(G4)][TFSA] 557 Daisd
2. 3ERIBE, Fu—T Ry 7 ANICTHIEBE, 5 WIXEBZERAIC X W ER LT,

PBuMA/[Li(G4)]1-0[C2mim]JTFSA] D5

2 BE[AAE, THF & 385 & LT 10 wt% PBnMA/[Comim][TESANRIE & ikl L v i57-, /7 n—7 Ry 7
ZWIZ T 10 wt% PBnMA/[Li(G4)][TFSA]E K & s CE#E AT 5 2 &£ 12 L U PBnMA/[Li(G4)]a-
o[Camim] [TESAJA W 2 8L L7=, 7= PBnMA @ M, 1% 59.0kDa TH 5,

PBnMA/[Li(G3)x(G4)1.][TFSA] D%

2 FE[AIRRA R X472 10 wt% PBnMA/[Li(G3)][TFSAJANE & 10 wt% PBnMA/[Li(G4)]|[TFSANRIK % B & b T
BERAT D LIck 07z, F72. [LI(G3)|[TFSA]D LM K & WIEIR T & < . EERE T3 —bn
K#ECd - 7-%4 . dichloromethane % F > C LR EEE I TIRARIK 2 TR L 7-,

PBnMA/[Li(G4)][TFSA]1-v[BETI]x, PBnMA/[Li(G4)][TFSA]q1-xClOs D%
2ERMRHR S NI 70— 8 v 7 AN THEBIE 2 O TR,

4.2.4. Ji7E
DSC JIE

3EFEE, o7 ERL JIE Lz, 3 EOMEARICE S TR 10 w%, HIEIREIL S °Cmin', 05
5 200 °C OFiPH THIBFRD A TIT 272, 100 °C LA FIZ Te Z/Rm 3 R OBEICIL Ag BoOE L2 Hn Tz,

Li-NMR JE
3 ®=[ERE, JEOL-AL 400 NMR % FHVVEIE L7~

BJHItEBEL (Dynamic light scattering: DLS) J&E 416
3 ERBRICHIE LT,

BITERE
3 ERBRICHIE L7z,

HEHE
DLS fiEHTIZ B 72 TL OB T X PR AR VE 2 -V CHlE L7z, HIE BRI supporting information (2 C il
%, EEILA A—4—Physica MCR301 (Anton Paar), il EA A EL THEEE 50 mm O=— 7 L—Ra iz, iR
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FEMEiICIX 7 — R (H-PTD200) ftf @ ~ b F = BUR FE ] #8127 LA L7, IR #UH % 0-160 °C
([Comim][TFSA]), 0-100 °C (SIL) &L, 15 ORELEMFHL D%, 0.1 s1 T 2 M O—ES W, xR T
0.1-1000 s DO EGHFZIEIZFIANL 7=
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4.3. fER - BER
4.3. 1. PBnMA FRRMA/[Li(GHI[TFSA] DFEYAM:

Table 4-3 (2 PBnMA JERZA/SIL OfENEE £ &bz, F
FTLAX TV L— MNEHO AT VN H & 725 T 5 PBnA
IX[Li(G4)][TFSANZ *F L Coe IR+ DR & e o7z, A
FVFEIZ LD SRR ENRIRY b 5 2 & TEHEDRFERE
B OEEINH DS S AL, @50 OEEWED Ld o722 &5
2D, ZOX 9D RESEOREIL[Comim][TFSATATK
T /54, PBnA (T. = 130 °C) > PBnMA (T, = 105 °C) T&
D2 FEDOEIFH 20°C ThDHDOITK L,
[Li(G4)][TFSA]H Tix 200 °C £ TRABIZHIELTCLEY &
MEICLDIEENRET W, £7REIC., polybutyl
methacrylate) (PBuMA) % [Co.smim][TFSA]H T LCST %7~
121773 poly(butyl methacrylate) (PBuMA) % [Co.4mim][TFSA]H
T LCST %7~9 7 poly(butyl acrylate) (PBuA) (X552 R
Thd,

RIZ syndio PBnA IZ DWW THHEZIT 72, 2D @0 FI
HORFBETIZZ AT VAEBMINEN TV S E ST Th
%, '8 Figure 4-5 12 X #ELIC L > TH H 472 syndio
poly(methyloxycarbonyl methylene) (syndio-PMA) D5 % 7=
T, ESIFIER ICRIE2EEE & > T D, 1920 SIS
S FEHOEB M T 5 Z & T SIL okt L CIMEE 25
FERICE ST,

NRUB VR E T AT IVRES O EITHEENEZ LD 505%
Loz, [Comim][TFSARCTIX T BME T35 62 720, W
DA TH %, [Comim][TFSA]R TIEMIEH~R LB B & DFF
HERANELEZEZ DN TVDHIED, ZOXRVE UVEROETHE
FEEFIBANR S DM, SIL AR TIE, T AT I/VEKE LA AEEA
LCWa7H, O AT VOETEED B OIBEHOIRA
VOB & o TRIE— D T 4 M O BEAE A%
WTW5 & RIS D, Figured-6 (ZE 7 WALA#)/SIL 15K
@ "Li-NMR OfERZ /T D5,
FEEDL RN,

TV

o7,

BnB % &2 % L C PhEtB {&iK D B — 7 [ TR~
[Li(GH)]—[TFSA] T DBHEEMIT E A EED B R W ERET S &
TS Z LI Lo TRUBUVBROPL En ST, Wi & ORERNEORE L

Table 4-3. Solubility of PBnMA derivatives in
[Li(G4)][TFSA].

Polymer Solubility
PBnA soluble
Syndio PBnA insoluble
PPhEtMA LCST (140 °C)
PPhPrMA soluble
PmFBnMA soluble
PmMeOBnMA LCST (97 °C)
PmMeBnMA insoluble

Figure 4-5. Helical conformation elucidated for
PMA polymer (36-mer) backbone in top view
(left) and side view (right).'

Additive
——BnB
—— PhEtB
—— PhPrB

-0.95

-0.80 -1.00 -1.05 -1.10

-0.85 -0.90
Ppm
Figure 4-6. "Li-NMR spectra of Li" in

additiveo s/[Li(G4)][TFSA]o.s solutions.

VT FLTWVD, lE&
ZOY7 MI LRz
FredeEXD

D, TATIAEBNSX P UBROEHE) XV iEV PhPrB I57&1E BnB I8k & B — 7B NT LA EED S

NI ENZOHIE L VERELTWVWD,
B RMED F 28 A LIZBHE
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g5 & F RS LIALEWOEIRF O Li' e — 7 13RS~ 7 FLTLE > TWEIWH LD, £725=
— FO[LIGH|[TFSANRIK L LT 5 L@ L0 TH D, RUVBUVEBRE R AT )L E OFMAEAERIZT E D53,
EO EERME L ELS olcd, = br E—WICHEENEL 2ol LB X B b, W2 [Comim][TFSA]
FRTIE TLAMERT T 208, B KFPRLAFIEE FEESIZE > TF L2 imidazolium L0 2 i 7' 1 k3 R{TE
{ELTWDHERD MD 2 = L—3 3 X HEXTS OfERNLHTE Y R#E), 2= re— =
FEE—OHRIZIZHINTND EBZ B R D, SBOkEHREEZIFFLIZV,

B D MeO ° Me & 1195 & 4 FEITMEMME N T 26K & o7, BT OB THEN LR
ST Z Ik EERRIMER BN o7 B2 DD D EREIX RV, (22 b e B

0.01
0.00
£ -0.01 -
o, g .
: <3 I [
¥ -0.03 -
d room
0 ' c" -0.04 -
Figure 4-7. (left) Electrostatic charge distribution .0.05 . . . . .
around fluorobenzene, with dipole moments. oq, Q}& 0& Q’&
(right) Spatial distribution functions of 2-H atom Q § ((3 QQ

of [C,mim]* (red) and O atom of [TFSA]™ around
fluorobenzene in mixtures containing a mole Figure 4-8. LiNMR peak shift of Li*

. e
fraction of 0.75 in ionic liquid. additiven /TLi(GAITFSAT < solutions.

4.3.2. IFF DR

F 9", [Li(G3)][TFSA] & [Li(G4)][TESAIAHE D Hel 24T - 7=, DSC OREFEF L W Z I DIENL D AHumix VX
-3.25, —1.90 J (gPBnMA)' TH Y G3 RIX 171 5 ThH 72, F7/ASmx 13-7.73, —4.88 mJ K'! (g-PBnMA)™! T
HY G3RIT158ETH -T2, ZDOFEED B [LI(G3)][TEFSANARE D 7 DMRIAMEDS B WELH X v Z L B —IC
FEERPRELS o TNDH A THD LISz, £/2, G4 R TH, HFEALTITZRL, LEOELELRH
MBIZHONT TelTm< D%, 4 ThHA I,

KIZ PBnMA 23 [AIBRIC LCST %/~ 9 [Comim][TFSA[AEHR & DLk #1T>7-, £, Figured-9 555005 & 9
(2. [Comim]5R& X [Li(G4)]5 D KI20% D|AHmi| % 757, F 7=, Figured4-10 |Z DLS JIEIZ X D Ry OFERZ RT3,
[Comim][TFSATAHEH D7 D3MZH L TV D FERD T 5L, DSC OFER ETFJE LR, S HIZEARIZBWTT,
X RO E e o7o, Loy L, AHuw ZBVEMICEL L TERY . @O+ EMAEER LTS T4 Ui
WML TWDHEZEZOND, LIER> TRKIEZ LD K57 T OELIFA A VN2 52812k b=
Y hr -l EZ 5NS, [Comim][TFSA] & [Cimim][TESANAIE DIRA Tl To 1XHEE TR L CTRIEH
BT 5, ZOEWL, HAEROEIEN [Comim][TFSAR & [Cimim][TFSAJR TIEE A E LD LRV DIC
% L. [Comim][TFSAJ% & [Li(GA)][TFSAR CIX R 24 THhDH EEZLND,
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[Li(G4)I[TFSA] [C,mim][TFSA]
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Figure 4-9. 7. and thermodynamic parameters for =~ Figure 4-10. Distribution functions of Ry, for
10 wt% PBnMA/[Li(G4)](1-9[Comim]x [TFSA] at  1wt% polymers in two kind of ILs, analyzed by
5°C min~L. CONTIN method

4.3.3. 7= OBHFE

[TFSA]L ¥ b A AHHMEDED ClOs EIRATHZ LICE D, TAXMETF L2, Z#uE, PBnMA &7 =4
VB F AL EBNE S TODLREICH DD, W F A -T =4 MO A AN LT bicky,
PBnMA- T4 IO EAEH BB T Li272dThH B2 bvd,

F7o. A AEIEVEOICWBETIHE S IRATHZ LIk > T TAXMEF L7z, PBaMA-IL [ 04 AAEH 2
E DL IIC—REDLNDA, DSCHIEZT O & |AHm PMME T T 2MHM A/ ONTz, Lo LR H, Ry &l
ETDHE[TFSAIR EIHIFEAEEDL SR, HAEMEANTE>7HIKNE LT, [BETI-ABRIAER R Z & A
NF—7RZ IRV ESTEar BT NT P Tc 2 THD EHERIEND,
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4.4. £
PBnMA JEEEDOFARME R ONF DR AIZDOWTER LT, £ F 4 R07 =4 OIS IOV T H k.
A L7z,

® @A (FEH) O FEME ORI T 5,

® MEANEBUREZ AT AEOBOT LR VEHO MR ITAREMEEINCE 5 L, [Comim][TFSA] &k %
IR TH S,

D NUBUVEREOEREOE R, fEMEILE D E F &y T OMBEIEICERT 5,

[Comim][TFSA] ¥R OFHERRE & g5 & =)V F— T A—2I13H 2 0D 1 LIEFITNS L, HE
PEICHE LN L VIR K & 5,

Q@ ®ERT-DTFA-T =AU THADEE TS,

LIbEDZ LRERIZE VRSN,
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SE JVFULAIREMERE~DHEM

5.1. 5

— R0 72 BN IZAFAE T 2 1B - RO REEEH O CH¥ET 5 L RINEME, 7V SPE, E%: SPE © 3 D
’%ﬁéhéomﬁmzﬁg%ﬁﬁﬁé B CITME, Rikfi, MS AR, TT A~ v Mg ESREERMEI
fREEA (B SL—%) ELTERER TS, BIETR S TV 58] aaﬁépﬂﬁz R B R A A A T
Hlc, BRIIXT A OFREN /SN TWD, b0 B TERIEEN L& - BELEEG, MZiL
7 4V I E R PASE S CEM O A ﬁ/@{;mh%ﬁlﬁ vy hEDY) L, aﬁm&m%%&: S, B
TR RFFSEOWEDNH D, TNb vy MU URFRICER SN D R A IBRL T D,

O BEEETHEICYYyy MU, VFULL A OfiNZEBT T 52 L,
@ Yxy MU LIEES, BESIGECHNE L CIEMR & AN EZEEE T2 D2k L, izl
HZ L,

BRREEE LIRS v v MY AR, &Y a— MEE, mREZEE R LRE, (KBUUERERH H, ~
¥ M UAT REMENWZ LB XOHENTWETH L Z ENEETH D, WEDFEERD D5 WVIIARTERRY
BT EAT Yy MU LTORIERE 2D, BN —2 00y y b D LTHE S NERRE IS LA
D70, WRERESWZ SITHEETH D, Vv v MU VIREL Y s — MREDOENPKREWILE, KV Ee
PEORENEASL—=FTHY, ZhaeFEET D7 OIITBIRICER % 2R 72 STV %,

ZO XD IZIRBERE OIS EARER EEL S v v MU RO L L A< ZT AL TN D, B

—ZIZERT DL, BEOBY AR Y A L7 ¢ 2R PVAF-HFP 23 100 °C A1 IR OR@iAIC & 2 HIFLOPAZE
NI FHENTWD, 2 (Figure 5-1) [EAEME & LTI PEO O X 9 IC@SEEZFOME 2 A A sk & L
THWESES, BEM-IEEREE T 4 Uk OIEM (L= R T =R RES R D%, A A BEHENRREE
b3 2%, 3 B3 & A 4 MBI 2 EIREME R TlX Young X Singh H72% Li salt/polystylene-b-
poly(ethylene oxide) ZH\W\ T, EDENT 4+ 1 — R OFAMENRA FAREEIZEDO L S IZH ST L208EL

100000

. —e— PPIPE/PP
§ 10000+ e PVAF-HFPIPEGDMA 10 -
o) l
< o 081 PEO:Li* -£
T 1000 i o6
© O 06
fal Tl
© -
§ o L<‘ < 041 X
£ ' 0.2 1 " < in-plane
A :through-plane
10 T T T T 00 i N v '
0 40 80 120 160 200 0.68 0.70 0.72 0.74 0.76
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Figure 5-1. Impedance of polyolefin separators Figure 5-2.  lonic conductivity profiles of
(PP/PE/PP and PE) and PVdF-HFP/PEGDMA LiClO4-doped PEO and PS—PEO samples at
electrolyte at different temperature. (PP: [EO]:[Li] = 24:1.*

polypropyrene, PE: polyethylene, PEGDMA:
poly(ethylene glycol dimethacrylate).?
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TW5b, 4 it Chen HITHEEMN & EMMIZ Ni particle/polyethylene &K% &4 L, polyethylene O @hfiEIZ
£ U Niparticle il % 7 MaAE L CERMEBEE 2 ha—/3 2% &0 ) BLEREWIFET> T, ©

ZOX DRI EZ T T, LCST M5B b & v v MU UHEOBEM & LT, @R 5, Bzl
Zhou 5 PBnMA % % LB 7 VX F EIZE S C[Comim][TFSA] EHEALT 2 &, miRIR CRIFLAMEELE L
@D T Ko THET IO A M EEZLET D2 ENAEE 72D LR LT 5, 7 (Figure 5-3) 7=,
PEO/[Comim|BFs % A 4 AREHM & 3 2 EL 0 LCST tHEZE A FIH L= WS 236 5, %(Figure 5-4) L> L7273
HIOXDWEE Lo L5 RERILFSEE LA EET, S ETA FUIREEZFIM LB
WCHEESTND, EWVI DY Kelly HAFEEEIZ PEO/[Comim]BF4 (2 LiBFs DU & 78 T 2 D3R FIC &
D LidEORE ERIZHEW T NRERICEFLTLEI L THD, °

AL THNTWD PBaMASSIL 1E Lita TORBE CEALEMRE CH L7120, U F 7 L REMEMRE
DY ¥y MU URE~OEH E VWO R TIEEVBEENTH D EWVWZ D, RETIL 4 = THE Lizmiziic
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Figure 5-4. Schematic representation of

Figure 5-3.  Schematic representation of the phase the phase behavior of 2 at the LCST and ion
behavior of 2 at the LCST and ion conductivity data of conductivity data of electrolytes 1 and 2 as
electrolytes 1 and 2 as a function of temperature.’ a function of temperature.®
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Figure 5-5. Schematic representation of the phase behavior of 2 at the LCST and ion conductivity data of
electrolytes 1 and 2 as a function of temperature. °



5.2. E&

5.2.1. EMfER

BELSHOWONRTWD U F U AL Ay ZREMIZIT, EMEDEIC
lithium cobalt(Ill) oxide (LiCo0,) # 15 & T 2B A& EEE(LMDO Y F v MMuE 0 . ° Mz
Y. BREDEIES T T 74 O XS REFMBRAV BTN D, 20 e o pemtans
FERELONX, BERIZIZZ 77 74 b6 Lit NEMEPITHRH S, & ﬁ T
B & iE > Ta L N b OREENIZIEAT 2, FEERICIE Lit 25 (B Egﬂﬁ -
D)L NN OIEEL T, 777 7 A4 NOBEMIZADA X —H L —
Ta VRS Z % (Figure 5-6), LA IERMIEYE LiCoO, D = /3L MM IE W
TRE7Z2EIRI D B D L Eli T D RO U F 0 LA A = IREMO T2 4 i . o |
T ZEBNNEETH D & TEINERMICER CHEMZ MR~ T, = °
v b, 8672 E B RS LiMnO, LiNiO,, LiFePOs 237 /) 72 Aol & L C Bt EEE
BrEShTnb, Figure = 5-6. Conceptual

Li metal | [Li(G4)][TFSA] | LiCoO> DAL EALIE 4.0 V AHIT & @28, seheme 0 mmeany

glyme DEEFEF -0 HOMO = R /LF— L UL ME R LERb 2 B MR ) L LT “mﬂ“&@”d“mme
BT SIL RERRIEE LGl T 5, L Lans hab gt el

30 °C DFERTHY, v v MU UREOFHICB W TEREDE & LT LiCoO, # WD DIXR#ETH D
LEZOND, REROERICRD Z EICE > TEERDOZEMENMET LT glyme OMBILZEMENK T 5, £
7oy N U E—OBLREEBIR T T 272D Th D, Lo TARRE TIE 34V HIICELRTENZ AT
% lithium iron phosphate (LiFePO4) % IEAREHE & L CTH =,

Material

>  LiFePO,: LC300/ C5-2 (fEAC KB & £ > )

>  Acetylene black (AB): (ESALFT.3)

»  Carboxy methyl cellulose (CMC): (CMC2200) (¥ 1 & /1)

2Ky b (— F) BEER

AR Y y PEBIILLTOFNEIC X VAR LTc, £330 ¥ — L7025 CMC ZKIZE MR S .3 wit% CMC
aq. & L, 2 ALLEEFET 2 2 LI X VS —IEIRZ R LTz, IEWE L EEIA (AB) #& VY., A/ Uik
W CRIRNBE =272 5 K5I 20 mIRBE LTz, D%, A TIVHRIZE L, 3wt% CMCaq. Z FTE &l L, #i
#%(%bk@ﬁk%\ﬂmmY)KT%#\%@Lﬂ423UF%ﬁ%¢G%$%mm\%@5mm)X?U~
Z AIEBRICEEEE, 7V 87 7Y r—4%— (K Control Coater, RK Print Coat Instruments Ltd.) (2T v
y71mwnﬁw*:ﬁﬁb KRR & DA —T7 &2 VT 100°C, 24h LI ERERZ T > 72, T D% ¢=15.95
mm DR FICTEMBEFTHHRE, BREOES - EHEZRE LT, 42MPa TF L A%, A 80°C, 24h iz
LW,

aRYy NEB EOTEWE &34 2.1 mgem™?, FFGA & 714 pAb/cell THH 7z,
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PBnMA/[Li(G4)][TFSA] 1 »[BETI]« fE&

2,4 BB, WIROHEB DA TY vy MU URMEAARRICL K D LT 2 & HDRED & FIRENP VS

LB, AREEIT 15wt % TITo 72,

B

TNIFERRTO 7 a—7 38Ry 7 AT,
2 IRY y EM, FUEHAR, S — 42 (GASS,
¢=17mm, Advantec)., REHAWK., Li&E (¢=17
mm) ONEIZEFT 2032 8D a1 L2 ER L
7z, (Figure 5-7)

5.2.2. HIE
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Figure 5-7. The images of coin cell 2032.

Gasket

2 #rE = A > /L, Princeton Applied Research 1:f¢ EG8/G PAR, VMP2 Multi Potentiostat % N CTHIE 247>

72, OCV T 50°C, 12h ZEREH L=,

EEMAMERR AT, BEMEE 02C, I v A 7EN 2.5-4.0

Vvs. Li/Li* & U, BIERNZAIERE, OCV T1h ZE/RHLEIT>729 2T 60-110°C OEFHT 3 %A 7 9D,

ATy TEIEBIE LT,

Cyclic voltammetry (CV) HIE

2 #Ez = A >2 /L, Princeton Applied Research 1:f¢ EG8/G PAR, VMP2 Multi Potentiostat % F\ N CHIE 247>

7. OCV T 1hZERH L=,

FEEE 0.l mVs!T26V — 38V — 26V Bl L7-, 30°C T3 HA

7 VBRITEW%., 40-100 °C OFiFE T 10 °C M@, 1 A Z VT oORXT v 7FHIERE LTz,

80



5.3 R - EZ%
5.3. 1. [Li(GHI|[TFSA| 2 BMRE & U7 BRI KT

5y TR ORI SIS, Li metal | [Li(G4)][TFSA] | LiFePOy 75 i i fEifok © 78 el nl e/ i 2 L 7=,
Figure 5-8 |2 EE i A ERBR O EFE R E2/~T, 60°C TIIMERE 140mAhg! TH Y | HiHAE 170mAh
g! DR%EBMWMEEZ IR LT, AHE TIE®IREEONETH D720, 100°C BN TH +o7 1FmEx2f
7% CMC % 72 (Figure 5-9) D728, 7 —w U333 94 % TH Y, CMC 231 ¥ — LT H B 5 EM
ZRAWIEL L TERYBRETH 72, "SHICHIRT D LRAIC7 —um URIRITMET L, £D% 110°C THK
ERENRE L Role, BRMEN—7 10 Li @ROEMKICHET D /A ARHLNBRNWI L RERE
DEIL TS Z EMND SIL & D WEIANA U F— DR N B L E 2 b5,

PbEXy CMC A v X —%fHT252 LT 100 °C ETEY Y v b 7 U FREOFHBICME T 2 IEER TH
HEWVWRD,

4.0 200 = 100
38] BRI A f
- & A 80
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% 3.4 2 {60 'S
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Figure 5-8. Charge/discharge capacity (left) and coulobic efficiency (right) of Li metal | [Li(G4)][TFSA] |
LiFePOy at several temperatures.
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Figure 5-9.  Storage modulus (E’), loss

modulus (E”’), and loss tangent (tand) for CMC

membrane at 1Hz. The heating ratio is 1 Hz.
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5.3.2. PBnMA/[Li(GH][TFSA]a-x[BETI] ¥ ¥

%7 Table 5-1 {Z DSC |2 & - CTHIE X7z 15 wt% PBnMA /[Li(G4)][TFSA]1—[BETI AW D T, -9, 4 &
TIRAR7ARIC[BETI]” OIEBIICHES T TLAME T LTS, x=0.25 A ETIERIECIHEMR E o7,

WA A M EE O E 21T - 7=, Figure 5-10 |2 [Li(G4)][TFSA]. [Li(G4)][BETI]. 15 wt% PBnMA
/[Li(G4)|[TFSA]1—[BETI]y OHERE R4 ~$, [Li(G4H][BETI] % [Li(G4)][TFSA] &Ml L CT7 =421
F—THOINHUIA T DOF v VT HENMELS, o METTIORRLER-oTND, £/o Th=23°C THDL I &
ORI TP IEFITE Y, 12 B FIRIRIZ T<T. \ICBWT[BETI]” OEEAZHEMEETHIEEALE 1T
ZAb Uleinode, £ LT 2 ®EREALK, T. LV LEWREFEK CIIHEBRRE L TWAHIZHEEb 5T VIF i
L2740 700 HEV bRV 2R LT, SHICHIRIZZRS EK 05 mS em ! OIKFE27RT, ZhiE&Es
FRAFEEREE LIgD T, EMEZ2HEBE L, REZEEFELLLD THLIEEZEXOLND, LPLENRS
PEO/[Comim]BF4 ¥ D LCST FHEARIZ 1T 52 L LRERICH £V REWELEITF 2RV,

Table 5-1 Thermodyamic properties of various polymer solutions with LCST phase behavior.

Tc AHmix ASmix
X = Pan
/°C /J (g-PBnMA) ! /mJ K! (g-PBnMA) !
0 Al 114.5 -2.20 —5.68
0.1 Ag 90.9 -1.49 -4.09
0.2 Ag 76.2 -0.99 —2.84
Temperature / °C Temperature /°C
140 120 100 80 60 40 20 0 15 120 100 80 60
2l lu(sld)lg;sm,.,,[aﬂn.
a é., ta:ul 7"5 ‘-
E '-:_- 2 ‘I_a- 20 A — x=g.05
- - e v —— x=01
S 5l $s Do
J g 2 '
oL oL &
o D result fittin ) o D 25 7
- 0 -4f . 9 = O
Rl I ™ 5
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FFSA]Q\.[BETI]M a
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Figure 5-10. Arrhenius plots of ionic conductivity of [Li(G4)][TFSA], [Li(G4)][BETI], and

PBnMA/[Li(G4)][TFSA]i-x) [BETI]« solutions at several concentration. M, of PBnMA in solutions was 59.0 kDa.
The closed symbol indicate the solution state, and the open symbol indicates the phase separated state. VTF fitting

was conducted on the closed symbols.
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DSC OHIER R 2B E %2 T, 15 wt% PBnMA /[Li(G4)][TFSA]os[BETI]o, i 2 BfFHE & L, EMZER L
72 Figure 5-11 |2tz 1 &2 Wz CVIIEDRER AR, £730°CIZHWTY7 —1 U313 97%
Rz DA e g oG E R L, 3 A 7 VEE THREEICY A 7L LTz, (Figure 5-11 (b)) Zi
ZHIET D & 30-50°C £ TIEER L — 27 AL LBEITE— 7 BALOEITIT & A EEL LW, IRIEE O
TIZE Y A A OILHDE L 72 D To O EIRE TN T 5, 60°C 12725 LB — 7 EBAIXIEE AL
ROINE LY — 7 BRI T b D, F£72 70 °C TIRIEBOBREORICH -2 —2 (7)) OMb |k
WY BT D, LCST OMEERE TIXZAEKED L 9 e ibifife T.AMENE WS ZENFohTnD, Lo
THEEM ETIE 50 °CFHENOHEBEBRIEE > TWD EHEMlsh D, £z, 3.6V LV bERENMITEASE
YN R Y 2 Y iof%ﬁ%ﬂ(#ﬁﬂiéhtﬁﬁiﬁf%é&%z%hé S BIZHIRT D & EIRITAE 5 B
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Figure 5-11. (a) The result of coulombic efficiency. The open symbols of temperature exhibit phase separated
state. (b)-(d) CV curves of Li metal | 15 wt% PBnMA/[Li(G4)][TFSAJos[BETI]o> | LiFePO4 at several
temperatures.
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5.4. £¢ 9

£9°. Li metal | [Li(G4)][TFSA] | LiFePO4 73 0 & FE i F it B BBRIZ 35\ T 100 °C F TIEZe (2 FE M3 ES)
L., 2R TFOREBRIZY v v D URPEORHIICE T 5 LRI, RIZT =F 2452+ T
100 °C LAFIZ T. 26 T @m0 TP HER SN, A UV BREEITHEBRICL > TETHMETT 508 0+4
REEITNZR, L CV HIEIZ K o TRIGEMDOENR 7 —a VRO T RO biiz,
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2 FECITE T S50 F/SIL B DR 258 O JERER 72 R ASRE R A= UTc, il aRE 2 Fvy, 28wl
P, @O & - BEOERFMEIC SV T L7z, Bt T 74 A-LiSERO L EMEICE R & & X 5F
fli L7z, PBaMA & OEELES 7 T A A-Li $HADOHER 2 RIET 2720, 3 FORPENHFAM L7z, £
7 Raman 73 ENGHEL D, AT OGRS NG| S0 FIREZE S ©— 27 BNEE LW EL
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