HRO

[ R D EH]

K % MA 58

1. HARER RABBEDNAAHRIZE TS 002 S BEM B DRAFE

2. HEAE

A VBKRIE. hFF 2 ET7=F T TR SN, RO
ALAEREE 100 CREDIBEFETHD, . Chod
A 7F 2 BIRDERIIC CO, ZIRINT B2 &AL
5L Y, CO nEEMEE LTEESA TS,
ETAM, A FVBRARITRATHSZ ED L, BT
A MESBEMEE LTRAT 512012, EAMEES
ETFHI &<, BRIEAEENTILNS,

Z I TAMAETIE, AARENHBICHFELES
FTIERINSHRGERBEITRMT 5 ETTIL
ELTEFESZE (1) IZEBL. BHFZILE SEL T, +
Bl (B2) #4 A V&EKIZIRAL=, -7

X (7))

i
BESF47 ILEH A 7+ Vikik

s ) O ®1 HESIL (RFHE L)
OOSCZH4CBF13

2 EHFTIVIERIDS FHEE

N
[$)]

o [CO,]
R Lt o A S BiK 7 LIE, B - A& Y UL -4 E 20 S e
VRGBT MBS LTHY ESFFMERES% S0
BEFMT LT, ERAETHFILE LT, 8101 N
& 512, MR LI A A VAL LD 0O, RUN, DRINE =, ° ] i Neat
£REL. EHRECHLTIOY bL, A4omthe O 0OHOALLS 0o g

gLz, (B3) Pressure / MPa
TDRER. 47 2 BIED CO; 12349 2 BRI IRURAOIR 3 00, BRU N, DIRINE B
IREMETT S L. TILET B EDnh o1z,

3. MEARE

<ZffiwmxX (BE&xA) >

mAREAR, DERE, FHEGE. SHH5.. FEABKE, EAERE, 02 2BMBEAOEAICEHT
BT TO A A URETIVOREFRE. $EH. 110, 558-567 (2024).

<EFIHER>

Hiroaki, Okamoto, Yuri, Hatsuda, Sho Kaku, Kenta, Matsumoto, Yuki Morita, Mesomorphic
property and gelation ability of liquid crystal materials having a coumarin skeleton at
the terminal position, 29th International Liquid Crystal Conference, 2024 &£ 7 H 22 H
PR e, SR B8 MWHE RKE FHE B BX EH. 2 FERmILAAa7ILERIILE
ZHT L _ERBESFTIVIERIZRBWN A 4 VRES LD C02 IRINFE., F£4 7E T vREE
stims. 2024&F 11 8514 H

fth 7 4




#KQ

(AR DHE]
E % 55
1. iR TIRERD A A HAIZHIT 5 002 SRR

A #R R R % S 1R




Tetsu-to-Hagané

Tetsu-to-Hagané Vol. 110 (2024), No. 7, pp. 558-567
Journal of the Iron and Steel Institute of Japan g (2024) PP

https://doi.org/10.2355/tetsutohagane. TETSU-2023-109

Regular Article

Development of Novel Protic lonic Liquid
Gels Applied for CO, Separation Materials

Kenta MatsumotoV! @, Takeru SUNADAYY, Yuki MURATAY, Tomohiro YosHIDAY, Yuki Morita? and
Hiroaki Oxamoro”*

1) Graduate School of Sciences and Technology for Innovation, Yamaguchi University
2) Advanced Technology Institute, Yamaguchi University

Abstract: Ionic liquids are salts, and their melting points were less than 100 °C under atmospheric pressure. In par-
ticular, ionic liquids, which melting point of them were less than room temperature under atmospheric
pressure, have been researched in recent decades. Ionic liquids are well-known to designer’s solvents
since configuration of cation and anion are easily to change then specificity is exhibited. In this work,
novel protic ionic liquids (PILs) which are applied for CO, sorption materials have been synthesized us-
ing aromatic amine such as alkylpyridine derivatives and N, N-dimethylaniline and bis (trifluoromethane-
sulfonyl) amide due to co-existing proton conductivity and hydrophobicity. Synthesized PILs exhibited
hydrophobicity since 1-octanol—water partition coefficients were more than 0. Also, their ionic conduc-
tivities were approximately 10° S cm™' at room temperature, and their mechanism of ionic conduction
were different one compared with general electrolyte solution due to high viscosities. In addition, sev-
eral PILs were high selectivity for CO, sorption compared with N,. Furthermore, PILs gelatinized with
bis[4-(1H,1H,2H,2 H-tridecafluorooctyl)phenyl] terephthalates due to improvement of mobility. Some of
gel-sol transition temperatures of 5
wt% gels were approximately 100
°C. The driving force of gelation
with ionic liquids might be an en-
tropy driven. Sorption selectivity
for CO, and N, were similar one
before and after gelation.

Keywords: ionic liquid; CCS; CO, sorption;
low-molecular gelator; fluorine.
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Development of Novel Protic Ionic Liquid Gels Applied for CO, Separation Materials

Kenta Matsumorto, Takeru SUNADA, Yuki MURATA, Tomohiro YosHIDA, Yuki MoriTA and Hiroaki OKAMOTO

1. #E

A4, COo,MmIX - FIFH - Brek (Carbon-dioxide capture and
storage: CCS) #%li 2 SUdICFE L T 5, BIETIX, CO,
WAk L' & 7 — L7 3 v (Monoethanolamine:
MEA, HOC,H,NH,) K& '™ 12 & 2t MEt ch Tk
D, BUETIXCCSFEREFEER L LT T T v Mo hTn
201% b5, ZTDMEAKFRIZ K ZWBINOJFEE) 11X, CO,
&7 I (= NH,) RKEDKERES (=L <o
5ZENHIGNTHS, LaL, CO,EEE, HCO,” (H,0+
CO, < HCO, +H") ¥ & O"HOC,H,NH, i & L T/EH
T % 72 HWINAE I pH Z AL I B B & 52 1 5, [ &
N7z CONTWHEPICHT I N D Z L BIFLAETH B, &
Z AN, BRIERR KA 2 & L ORBIZ &) pHARA T
5 (BUENKEL5B) ZETTIv 2 by EDLRE
RO RO co, BRI N B L s I hTu
%, ft5, MEA RIFIHEIZII X A7z CO, % BN 5 72812
BIEFISEOWI AL -2 M AR EE Eh3, 202k
7%, CO, DFFFIANZ R L TR & aEEL 5 5 T b,

Z ZHAE, BB L 2R EADOEEOKIER CO, D
HAHAHME LAKZ A LF -3 2 F THIRT 5729
OB OBREHHED 5N T\ DB, £ 2 TAERMARILE
W % SR 8 2 N JEAKR D CO, RN B 23 H & T B,
Z @ ¥ ¢, [BMIM][TESA] (1-butyl-3-methylimidazolium bis
(trifluoromethanesulfonyl) amide, Fig.1) 7 & OBARMEA + >~

/
N®

®; 2ol

.8.0.s_

N FsC 1 °N" 1 CFy
(CHy)3CH3

Fig. 1. Chemical structure of [BMIM][TFSA].

Wtk (2 & 5 CO, N AR T3 ™Y, 4 4 Vilkfkig,
A dy (hF4Y) EBAFY (F=F V) »EEBIET
HDAF VPR EKRELTBZ L CEHENEEN %259
BT EIZEDWAE UTHFETE S (Table 1)7, & L
TIXEIETHSER 100C LT Th 2 Th 508, %I,
WIRIE TR L UTHAEL D B 4 % Vilitk g & —
7y b LTASHD b TWE"Y, a5t v e7=
T VOB K> TR T2 226, [FTHA
F— VR LR T B, BEAKEA A VRIS &
2N OB 1%, JEFRIZT G TR AR (=8
I TH v, EJIHIEIIZ & > TCO, Z 3 RMIZIN & 7213
T2 ZENARTHD, A+ VIRRDOBIITH 5, ¥
BRI % A 4 VIRIRIZ 0T, CO, IR 7 F 4~ F
TR AL 7= VHICERT 28 D% <, [TFSA] 2
T 54 VURIERAH CO, / N, BERIBIPUREE A LI B T
%57,

fths, CO,MAktE L CTISHRETAED 5T\ 5 &
DD RENWEET B 5., WelkDOFH 6 & ORI IZEH O

Table 1. Melting points of salts (ion pairs).”

Cation Anion m.p./°C
Na’ Ccr 801
Cs’ ClI 645
(CH,CH,CH,),N" Clr 241
\e -
\/NVN\ cl 87
— o
[\ @ e
38
NN NZ Oy NGe
Mo 2
N i 15
- 9.9
—\® O ¢ .
\/N\7 ~ FSC/E‘N'E\CFS 3

a) They cited from ref. 8).
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Km0 TH B2 &R, FAIHBOLAIIZ O W T Y]
B CHERE L A S BREIHEIC O 5 03 B 5 E D in
SHLD P NAPIEMEIS A DD BETH B, 72 TELIVEMK
WA & VR & R X 2 AR SR (Supporting Liquid

Membranes: SLM) & U COMHABPHFEE N T3, Ly

U, SLMIFZAUBEHICA & v ik 2 15 LT 2 B8 i3
SOCHAAER TS 5728, MET5Z LIk kT 5L
Wo T A Yy bHBFET B,

Az, (1) b2 & P BRI Z B L C I
DK% ZHH N4 TV v FCO,BIEDRTEE (2)
SLM (21 % #i 7= s LS R LR OB R &2 Hi & L C
froze (1) & (2) ORI E FaticzhZhidd.

(1) N4 T FCO,WIKE L THAMZ RS 7
a b A VR (PILs) " & HAIRBIC & 0 Bk
L7z (Fig2), PILsD 7 =4 V& & BRI, VU 7
AT X F LNk (— CFy) ORfFEMAIERIC K - THAK
PAEEDB7-DIZ, X (M) T7Faxa s X)Lk
=) 7 I F (H-TFSA) ##ERL, »F4 v HE k3

1 PO R
@ /ﬁ\e’ﬁ\ CP /ﬁ\(ﬁ,ﬁ\
N FaC 3 "N"4™CFs N FsC 4 CFs
H
[2,4-Lut][TFSA] [2,6-Lut][TFSA]
N o o o9
@ ,S\G,S\ F ’§‘N’§\ F
N FsC 1"N" 11 CFg /’T‘@ C g N g CFy
H
[2,4,6-Col][TFSA] [N,N-Me,AN][TFSA]

Fig. 2. Chemical structures of [2,4-Lut][TFSA], [2,6-Lut][TFSA],
[2,4,6-Col][TFSA] and [N, N-Me,AN][TFSA].

WHIZE, B0 0 VEREARS T =) VERERE E DT
THET IV #EIRL 72, ZHICKD, [TFSA] (2
T AW ONRE FERT VE=Z0 LI FH D
—NTHR,IZ & B AL AR T % 5, AL 72 PILs
&R 5 & U T [BMIM][TFSA] D @i, KO 75 i
JE, AKX VREE L S 2 HEEITEE 2R 6 O Cco, K
WORFIE 2 BT L 72,

WO EHINE LT, AN I E THIZEL T
7z Mo 7 RA s ALHL 2 (LU, 7kl %
JL#l 12, [BMIM][TFSA] R HPILs % 7 L AL X ¥ 7= & %
12, PO EOEERENE AR K S IZREEE L 22 BT
BT MMEAIE A L7z, 2he # W THEL 27
i, Bl o - FVERE T A MEE S L T H B
(Fig3)., ZZC, iy e LTomaitis L THE
B A X VUK T L OBIVE BRI L 72, X512, A
X VR IL D CO, R % T35 Z L1tk D,
FOALIZ & % 4 F VIRIRDBAE S % CO, INREN S % %
WEEER LT,

2. XB&

2-1 Al

PlLs ¥ & U8 7 L AL Al O A 5 iR, Combi-blocks Co.
Ltd., BLD Pharm Co. Ltd., Sigma-Aldrich Co. LCC., B #{k
T EMRA S, bR TERRXEH, FH 54722
MRA S, &7 4 L AHDEMSE TR A S 1 o IR &
(M 95% LI ) AKEHT 2 Z & <AL 7,

PILs 3 K "7 MEAID A KA F — 4 % Figd B &K U Fig.5,
612 ZTNZAIURL, af#llZs & TFNEIZ Supporting Information
IZRT,

Gelator

lonic Liquid

Heating and dissolving
then cooling

Cooling

Heating

Fig. 3. Schematic diagram of low-molecular gelators. (Online version in color.)
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2.2 [EE, 2
I TR L ZZALAEMAHNERD TS % Z & &R
@‘5 7eDIZLITOFEEANTIT 5 72,

[FERDILEW & AR L 7ZBEOMERED —FETH DILE
WZ & DA L % % @R (melting point: mp.) (Z¥AZ
Y x4 - A T 2O HER R &5 RF-10A % {1
LClllE L 7z,

TR NS (Nuclear magnetic resonance: NMR) A X%

CO, DBEMEIADISAICENTT=HRC T O M/ MA A VAR T LB R

IR EEI O HOKEENE E Z OB ETHR TS0 TH
D, HARE RS HEEO IMN-ECZ500 (500 MHz) % fifi
U CTHITE U 72, MIEE I I3 EAKRFE L2 v v kL 4 CDCl,
(N ERAEUE © CH; in tetramethylsilane = 0 ppm) % 7z (3 EH K
FAL Y A F L 2k F 2 F DMSO-d, (NESHEHE : CH, in
DMSO =2.49 ppm) % i L 7z,
ERPNZEENTO DI BRAELZFEET 2 7201217 > 720k
SHIRUY (Infrared absorption: IR) A X2 l\)lxliﬁiﬁ%ﬁ%?ﬂ%

R1
R! N O O
O O 1 1"
A S. 8 > Lo, F3C’§\ﬁ’§\CF3
| P FsC 1 N’ CF; Stirred for 30 min at 0 °C R2 N7 R3 O O
R °N” "R8 HO then stirred for 7h at r.t. B
R', R2 = Me, R® = H; [2,4-Lut][TFSA], Yield 96%
R = H, R2, R = Me; [2,6-Lut][TFSA], Yield 97%

R, R2 R? = Me; [2,4,6-Col][TFSA], Yield 95%

259
> | Mo |lro iR
Stirred for 30 min at 0 °C NI (|"%¥ 0 "0 ¢
then stirred for 7h at .. H

[N,N-Me,AN][TFSA], Yield 97%

Fig. 4. Synthetic schemes of PILs.

CeF13CaHyl
KoCO5

Acetone
Refluxed for 3 days

HS—@—OH

0.5 eq Terephthaloyl chloride _
Toluene, Pyridine
Stirred for 4h at 80 °C

excess H,0,

AcOH
Refluxed for 3 days

Y

05F1302H4s—®—o o)
o} C o~<j>—scgw4c:6F13

Gelator 1-1

CeF 3CZH4SO
C OSCgH4CsF13

Gelator 1-2

Fig. 5. Synthetic scheme of gelator 1.

CeF13CoH4l
KoCOj

Acetone
Refluxed for 3 days

HSOOH

0.5 eq a,a’-dibromo-p- xylene
3-Pentanone
Refluxed for 3 days

excess H,0,

AcOH
Refluxed for 3 days

Y

06F1302H4S©_O :::
(o)

C6F13CQH4SOOH

SCoH,CeF13
Gelator 2-1

CsF1302H4SO :::
OsozH4CeF13

Gelator 2-2

Fig. 6. Synthetic scheme of gelator 2.
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PR 80D IR-Prestige21 Z I U 7=, HIEHEIZEAL A ) ¥
L EERITE (KBr dise) % 7213 Specac Ltd. B Quest & 72
A GHIIE (Attenuated total refraction: ATR) ¥ % F Tl
L7z,

TIOALHIOMIERGE L, JTCRAM O & U TRkt h 7
o~ b 25 7 4 — (High performance liquid chromatography:
HPLC) % flifl L THF - 7z, HPLC i3 MR & 4k 5 ST
BOHPLC 2 = v b (RIMATH 20 66 K AR ) 47+ SPD-
20A, VAT ALY PE—F :CBM-20A, # T LX =TV
CTO-20A, # 7 4 : ODS-H, %2 = v b : LC-20AT) %
U 720 BEIMIZIZHPLCFH99.7% # &4 7 — )L (BIHAL
FTEMRKASHE) Z#MH L, RHEEIE1.0 mL min~' &
L7,

2:3 AFLHRFOERYME LV CO, BIVF4FFH

AKX VIEEOBYVETH INA T A4 Ty Xt
#DSC7000X 12 & % /K 2 & £ #4 7 (Differential scanning
calorimetry: DSC) MIZEIZ &K D175 72,

A VAR ORI IR Z 1 UBM B D Rheosol-G1000T
% F O 22 B HORGEPE R (R © 0.1 Hz, W% : 20C) 2
BRI L 72,

A K VIRIED RN D IERE % 52 ARG § 2 72912,
1-4 2 & 7 = )b — KA BEUREL (log Pow) DHETE & 1T - 72,
HEE ST 1-K 2 & 7 =L LAKOBRAET#3:1, 111, 1¢
3 (volivol) O =FEMHFAB L, ZOHIZA F VIEARER N L
TR O NGk & 5 - #iE L 2RICHPLCIZ & %4
BREEHERIC K > THEE L 7=,

AKX VRO A F 4 v OEME (Radius of gyration:
R,) & Gaussian 16 710 7' 4 % W= DFTEH5IZ & 5
THM L 7z, DFT RIS & 2 MG i LI 36 1 % et pe
PLBIEUL B3LYP % i U, FEBIEIL 6-311G (d,p) # i
L7z, o717 7 4 LA 5 X-Ability £t Winmostar
N3D7 FA v EHWTR ERM L7,

A& AR, IFREI O TS D, P EX

{b2EHl%E > 2 5 4 (Solartron analytical 1280C) % f#if L C,
JE % B PH % 0.1-20000 Hz, FUNEEE % 10 mVICERE L,
EENAIRFA V=& Y ZETHE U 7z, BE R
Z Xy o At B o /N B EABRHR SU-642 TIT - 72,
MEL L A 2L (ERMASHHS 7 T v b
L) AL, €250 — & =134 T ZMHEIERE CRVEE
KA 241 GB-100R) Z L, fEAMRE S mICidad
L= EMALZ,

CO, W, S A AR ERE (v 4 20 b T vy
7 - ROULHRAS . MSB-AD-YMO) % HVy, B UFEER
FOMERLEA3ED Y a Vo 2T AICEEL, HEREIC
Ko THGE U 72, BEE OB % Fig.7 1287,

2-4 JIUEBE

7 IALRED G I 7 AR HIE & 7L — VRS
WS HIE T - 72, B, YL EERT 2EEICET 3
TFOALHIORNENR T 0, K7 AR A0 & 3
N MALRIE VR B, $72, BHZ T L0 ENIZD
WTHEE T & b, 7 IULREEHI O — 3 OFAUZIRD L B D
THhb, (1) ¥ TN (12 mmg) 125935 mgFEE D 7L
LAl ZEDE > 72, Q) WA EEMA T vy T LEEM
4 L, M&S Instruments £ % (> VORTEX-GENIE 2 Mixer %
FHWTH#L S BFREL 720 3) Bum L 721%, @R OIKIE%E H
RCHERR L 72, 20L&, FERIREZR 51X [ ], Rk
REL S [Vl &Lz, FLEHL 728803 X 512
BAEMAZ TRIKTZNMUIRE 2 RE Lz, @) FLE) Ry
E— 4 —TMEL THE, FILh b iRREIAER T X 221l
JEE, [V — VU VEREE ] & U7z,

3. BREEBE

31 AARIEOER DM
B U 72 PILs & IR D BK A A4 Wik T & % [BMIM]
[TFSA] D FEEYIM: % Table 212789,

Balance

balance

Chiller

1

Thermometer

Fig. 7. Image of gas sorption measuring device and flow path diagram. (Online version in color.)



& 7213 4 7 Z4EFERL (glass transition temperature: 7T,)

BERUTTHBZ 6, 44 Viktkr»@miifke LT
TTAEL S 5 Z & #MERR L 7z, & 72, WH OABIIR DY
IR THBZENLNN, PILsDEEIZH15 gem ™
EHBEER L U CIEEOME AR L 722, A T, PILs DR
IZHBWTE, 1-3 ParsFEIE & M A IAIE X O SO 2R
Ltoéez1%PWﬁom44E§a&otoOib,L
F o4 ) == KRAEEICPILs # AR S B2 L 2D 1-
x4 7 — AP DO PILs IRE 23 KB D 2 hod 1.9-256%
Ll o572 ENOPILs AN TS 5 Z & % E &M ICHE
AL 7,

72, A X VIERIKIZE T B4 X VIREE OWREIRG &
783 Arrhenius plot & Fig.8 1Z/8§ . 4 7 VRS O FE
VR, A 4 VRO WE OFEE)E R 71 E B O FaHE 4 A1
BHED—DTHY, A X VRBEDA =X LEWET S
FTEELISTA-RTH S,

20CIZBIT B4 4 BEKEIZ10 7 Sem™ ' TH D, HE
LR EA 4 RS EERMNIC EA T2 8
DR T E /2o 72, KDOWHTH 5 100CLL ETE EW
A X VMEEM AR L TOE T Eh 5, KOTEEIZIRGET 5
ek, AF VRO X U BEIMREE RIETX 5
TR XN, 72, R (1) 1287 Vogel” —Fulcher™
“Tammann® (VFT) R &k B /N fEEHWEZT 4 v
T A YT EIT> TR ENTZVFT/ST A — & % Table 31218
T VFT/87 X — & IIHE R 1 4, WAoot x
¥ —B, FM T 5 2S5 605, W T ot
IANF—=EE3A T VORI X=X LDBHETE S,
¥ 7z, B Y 5 25850 S I3MIKIRIZ B 1 B 4 A Rk
DEHZONTOIEL 55,

S p[ 5 }
JT kyN, (T-T,)

A: pre-exponential factor [S ecm ™' K~ "?], B: activation energy
[J mol '], ks Boltzmann’s constant [J K~ '] , N,: Avogadro

number [mol '], T,: ideal glass transition temperature [K].

BOENFEVFTIST A =2 D5 b, BT oiEb x
F—B LIS 5 AMEMEE T OWTHERT 5.

FFBIZDONT, KEBAOEATZ AT =13 20Kk

CO, M BINDISRIZE T I#8R e 70 b EA A VIR T ILDBRFE

mol ™' TH B Z &»5, [2,6-Lut][TFSA] LM E AR ZKE A2

AF MEEIZBE LIS WERBITH 5 Z LR S i,
[2,6-Lut][TFSA] D 4 & Y {R#EIZ 51 3 WM b = x L ¥ —
(=209 kI mol ') 1&, KFEHHOMA T 2L F — L IZIFIFH
HTHole ZOZ N6, A+ VRBEIIAZMAEENL
TWBZEenbir b, KFEMEEI 0 T EHEEAEH O T
KOIEENE#E DT N6, A X VREIZEWTAF AV
%iﬁ?“iyﬁ%#fL@%iVﬁ?Z&—%%&L
TWBHREMEA RIE X7z, IRIZT, 2D W T, [2,4,6-Col]
Hmmbivammmﬁmm BT 3DSCTHH L
T, e T 58, EB558 05010 KEL EE» -7,
I AWFIIUEREIRETH VD, T30 1704 4 ¥ »#E)
THZENTELIRIKOEE TH 5, i@, HEKRED T

Temperature / °C
140 10080 60 40 20 O

0

1 F
Tl ngﬂ* [BMIM][TFSA]
5 = ® [2,4-LUut][TFSA]
03| ﬁ\\ # [2,6-LU][TFSA]
5 w® [2,4,6-COl[TFSA]
o4 | XN % [N,N-Me,AN][TFSA]
o \b

5 L \

2 3
-6 1 1
23 2.8 33 38

10371/ K-1

Fig. 8. Arrhenius plots of ionic conductivity for [BMIM][TFSA]
and PILs. (Online version in color.)

Table 3. VFT parameters for ionic conduction of [BMIM]
[TFSA] and PILs.”

S A B
Ionic liquids /S em ! K2 /%) mol”! T,/ K
[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-Me,AN][TFSA] 343 2.76 221

a) A, B and T, indicate pre-exponential factor, apparent activation energy and
ideal glass transition temperature, respectively. b) Fitting data used except 7’
=0°C (273 K).

Table 2. Physicochemical properties of [BMIM][TFSA] and PILs.

Tonic liquids Molecular weight Density / g cm Melting point / °C Viscosity / Pa's log Py
[BMIM][TFSA]® 419 1.44 1 5.2x10 >0
"""" [24-Lut][TFSA] 38 147 -8 28  096+020
[2,6-Lut][TFSA] 388 1.51 8 7.6x107* 0.74 +0.29
[2,4,6-Col][TFSA] 402 1.49 —-85" 1.1 0.29
[N,N-Me,AN][TFSA] 402 1.52 10 (72 ) 2.8 1.1+£0.29

a) It cited from ref. 21). b) Glass transition temperature determined by DSC.
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YIaE—X0DHFIAREOTY Fa ¥ —AKE WD,
T, kD T,0) @il zRmd, LaLl, 2hs DR,
5, [2,4,6-Coll[TFSA]#5 & U'[N.N-Me,AN][TFSA]IE T, > T,
THBIZENE, MIKETH 7 ZRENHEFIRE L D&
WIRETH B FXIENEL S, — T, Tho Ok idftho
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Fig. 10. (a) CO, and (b) N, sorption isotherms for [BMIM][TFSA] and PILs. (Online version in color.)
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Fig. 12. Van’t Hoff plots for Gel-sol transition of [BMIM]
[TFSA] and PIL gels with compound 1-1. (Online

version in color.)

Table 5. Thermodynamic behaviors for gelation with [BMIM]
[TFSA] and PILs using gelator 1-1.

T g o 0 -
Table 4. Henry’s constant () with [BMIM][TFSA] and PILs. Tonic liquids AH, / kI mol AS; /kJ mol
[BMIM][TFSA] 13.9 13.4
Tonic liquids Heo, / MPa Hy,/ MPa Hy,/Hep, [2,4-Lut][TFSA] 18.2 277
[BMIM][TFSA] 3.64 59.8 16.4 [2,6-Lut][TFSA] 13.5 153
[2,4-Lut][TFSA] 3.70 25.0 6.76 [2,4,6-Col][TFSA] 11.2 6.22
[2,6-Lut][TFSA] 5.61 34.7 6.19 [N,N-Me,AN][TFSA] 11.4 11.6
[2,4,6-Col][TFSA] 3.77 30.1 7.98 . o .
* AH, and AS; indicate standard molar enthalpy of formation and standard
[N.N-Me,AN][TFSA] 3.50 33.5 9.57 molar entropy of formation, respectively.
200
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Fig. 11. Gel-sol transition temperatures of [BMIM][TFSA] and PIL gels. (Online version in color.)
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Fig. 13. (a) CO, and (b) N, sorption isotherms for [2,4,6-Col][TFSA] and 5 wt% its gel with compound 1-1. (Online version in color.)

Table 6. Henry’s constant (H) with [2,4,6-Col][TFSA] and 5
wt% gel formed by compound 1-1.

Sample Hco, / MPa Hy, / MPa Hy\»/Hco,
Neat 3.77 30.1 7.98
5 wt% gel 3.92 44.4 11.3

B XU Table 512 Z M FHURT,

2303 AH,
R

logo

+AS:]

#: molar fraction [-], R: gas constant [J K~

gel-sol

1 -1 .
m()l :I > Tgel»sol'

absolute temperature for gel-sol transition [K], AH;: standard
molar enthalpy of formation, and AS;: standard molar entropy of

formation.
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Supporting Information:

Synthetic procedures for PILs, compounds 1 and 2. This
material is available on the website at https://doi.org/10.2355/
tetsutohagane. TETSU-2023-109
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