% 14 B4 4 > BATHHE

2 85 5

2024 11 A 128 (k) ~148 (K)
(128 : BE> VRIS IL)

AL RRAREE - 15T D FR—L
(-2 & EAB L)

[(E] 1+ BREARS

[BE] BRLFR, 2FHF
BSFER, BHTE
HAA # > RipF =,

BTl BFURTYTL

=, WHAYEF R, tFIFE,
=, ARBAEmMET R,
AL FR



R [

10:00

10:30

11:00

11:30

12:00

12:30

13:00

13:30

14:00

14:30

15:00

15:30

16:00

16:30

17:00

17:30

18:00

18:30

19:00

19:30

20:00

FLAEA *  RIFFHAREZALT— TN

118128 (k)

118138 (k)

11814H(K)

521 8:45~

24 9:00~

eSS

AR [R—]
REEREE
2KL01 9:00~9:40

EoHmERLE [F—i]
BHERRSE - AlllEFEE
1PLO1 9:40~10:20

&

R

R -5k [BERES-T]
FESH
10:30~12:00

—MHEEQ [F—] — RO [#&RES-4]
2A001~2A003 2B001~2B003
9:50~10:50 9:50~10:50

R

—MHED [F—] —HHEO [#RES-4]
2A004~2A006 2B004~2B006
11:00~12:00 11:00~12:00

BRAKE
12:00~13:00

BR
12:00~13:00

{3 13:30~

SRS (K1)
S ESHEE
1PLO02 13:00~13:40

EF RIS UL
[E&=3-4]

RRMEE2H [F—1]
PR
1PL03 13:40~14:20

—MHEO [F—1] —MHEO [#EE3-4]
2A007~2A009 2B007~2B009
13:00~14:00 13:00~14:00

R

— RO [F—r]
1A001~1A004
14:30~15:50

—MFHE® [F—1] —BEHRO [#&RE3-4]
2A010~2A012 2B010~2B012
14:10~15:10 14:10~15:10

R

R

=EA - RARA AR (-]
15:20~16:00

R & —FFk [BERES-T]
BYRES
16:00~17:30

BHR(FE)

BEHEE
18:30~20:30
[l 2—%kFL

T3y 7 R]




14 A A RERRE T 0 7 T 5

2024411 A 13 H (K)

09:30-

=— L A (K
09:40 [F—] B 2 DR
JER | [A—] e 1EF (BURENZRT)
09:40 RGBS 138 1PLOL
10120 B ZRK RKT) A AR E A A iR 5t )
' POl TR (FEEKRY) A 4 iRIRHIZES & R 5 E SEA 5t |
10:20-
B
10:30 i
L00 em—aie (ROE D) (33 57
12:00
12:00-
SRR
13:00 R
ek | [A—] S0 e ORFBROR)
13:00 FOANERTHEES 23 1PLO2
13j 10 Pk BRI (BRRERLRY ikl &S 7k
' (A A K ZOmBEVEIZTH > T
ek | [A—] BRI (PEREEANHEEATIERT)
13-40- FOANERTEES 2% 1PLO3
14j20 R BEEIR (BIUKRZ: - @RKFENAF~YA TV —v o f JR_X—varkr¥—)
' (A A HRARBITSE 25 4F
14:20-

14:30

IR




14 A A RERRE T 0 7 T 5

20244 11 A 13 H (K) * DA E N
R | [R—v] RERERD AR I (AR
14:30- 1A001
Mfo TR IS AR IR EN 73 Dt 2 AW To A A AR D BUKMERR | RS RS O AT
' O 521 KimDoseok?, KW =g (LAUREFK - WHEI T, 2.Sogang K - #PH)
14:50- 1A002
15:10 A A ARE NI T B COp BEMRIRETTIL D in situ 2 i HE iR R S BLHI
' OARM oK T2, f/iflF Fe8EL WH BED L4 TREET, 2JST S E307)
1A003
15:10- | Cyclic voltammetry of a sign-retention-type redox-active ionic liquid and its electron transport
15:30 | analysis
OHJE sLE, Bl [0, A AL % BEE (RIFK)
1A004
15:30- | ZbMERE AR ICBIN e AR — 4B & A 2 7 A
15:50 | Ol 71 B sEiEt, AR —Z 20 B vE30 B (LTEER, 250K,

PR, 4. LK)

15:50-

16:00

IR

16:00-

17:30

RA L —iH (BEES) [ 5-7]

17:30-

18:30

B

18:30-

20:30

BEHE [BILE 2 —RT AT %y 7 X]

i 4




5514 [\ A A U RIRE

20244211 A 14 B (K)

ey A= /A AN

* O BEGE T HIN S

JE R [F—] P OEE (RUEBRE)
S Hill = 2KLO01
09:00- | FEH #rakE (THERF)
09:40 | [=RIREMEE & A 4 RIE ~ FERBEBIED S OPREIR ~
09:40-
09:50 @
[F—n] —iEEO [FE78E 3-4] — RO
JER | R (LARY) ks 50 CGROR TR)
2A001% 2BO01%
Diffusion and Rotational Dynamics of Solute Bio-compatible/degradable zwitterionic liquids
Molecules in Choline Chloride-Based Deep OYusuke Morimoto?, Ai Ito!, Yevgen
09:50- | Eutectic Solvents: A Comparison with lonic Karpichev?, Nicholas Gathergood®, Kosuke
10:10 | Liquids Kuroda® (1. Inst. of Sci. and Eng.,
OfJf B, R 2 =k KfE] | Kanazawa Univ., 2. Dept. of Chem. and
20 KK 312 (LREEHKRBEEET., 207 | Biotech., Tallinn Univ. of Tech., 3. Sch. of
SALREET) Natural Sci., Univ. of Lincoln)
2B0O02%
Generation and Screening of lonic Liquids
2 AO02 % Using Machine Learning and Validation by
JF Y A AL RS VR T AT Experiments: Cellulose Dissolution
10:10- | SEMFE OBARF AL FFE & A T 7 A OGyanendra Sharma’. Mengyang Qu',
10030 | Ok FFRE L M4 72, & sygl. fiz | Yohei Samata', Naoki Wada', Hisaki
MR (LB AR E SR, 288 E KRz | Ikebata?, Shigeyuki Matsunami®, Kenji
T) Takahashi! (1. Inst. of Sci. and Eng.,
Kanazawa Univ., 2. CrowdChem Co.,
Ltd., 3. NIMS)
2A003%
Li(CF3SO.):N-fRfE 7 /LA = F L 5 A | 2BO03%
TERIRISEIRE DA A AREHE: & 223 | lonic Liquid-Catalyzed Transesterification of
10:30- | =—¥ 3 Cellulose in a Twin-Screw Extruder
10:50 | O Bfgl, Ky FEFEL FH Ffff . | ORomain Milotskyi, Gyanendra Sharma,
Yefg Wik 2, k4 HAE 2 Mdr # 3. MEAK | Shiori Tsuchida, Tetsuo Fujie, Naoki
TR (LHFEKRBEESK, 2908 K, 345 | Wada, Kenji Takahashi (Kanazawa Univ.)
RESPN NN
10:50- (ki
11:00

1ii




5514 [\ A A U RIRE

ey A= /A AN

202411 A 14 B (R) * NEGEEE S
10:50- ki
11:00
[FR—] —fGER®D [Fi#e= 3-4] —iGEHO®
JER | MEAR R CETRRE) THF HER (PEZESANREBIZERT)
2A004%
Liquid Electrolytes Composed of a Novel 2BO04 %
11:00- Asymmetric Li Imide Salt for High Li Phosphate-type zwit’Ffarionic liquid B
11:20 Transference Number O/INRR BRiE L, B R [ —FE2 &
Ofxill HZ3 1, Frederik Philippi *, ZH/#% # | i #&wl L B #E00 QERKELT, 2.
LR mas L BEP RNt 2?2 (LBRRER | SRKETEITAID
BeEE T, 240 E K IAS)
2A005%
Effect of Ether-Chain Modification of Organic | 2BO05%
Cation on Coordination Environments in lonic | A 2> 7 /v D J) 52 Rt KA 3 57 1T it
11:20- | Liquid Electrolytes ik LR A A SRR O %h F
11:40 | OShaoning Zhang'. Hiroki Wada®, Shengan | Ot &k L JNgE WHEH L. 1FE B2
Wul, Jinkwang Hwang!, Kazuki Yoshii, W S2E 2 I Rt (LA REZA]
Kazuhiko Matsumoto! (1. Grad. Sch. of Eng., | i%. 2.3 KBzT)
Kyoto Univ., 2. AIST)
2BO06%
2A006% Poly(ionic liquid)s-in-Salt Electrolytes:
Synthesis and physical properties of new Understanding Complex lon Coordination
dicationic ionic liquids with difluorophosphate | Structures and Their Correlation with Li-lon
11:40- | anion Transport Mechanisms
12:00 | O#feH fRHS Y, B & bt 2, vl HA | Oirpk 85 223, Ivan Popov®, Luke A.
S.TEAR B En B OBkl Ry | ODelld, EEP Fngk s, JEME EFK S,
A —E! QLEKRBE=RFE, 25KT, 3. Alexei P. Sokolov*, Maria Forsyth?,
IKBET) Fangfang Chen? (1.fxk. 2.Deakin Univ.,
3 [E K, 4.0ak Ridge National Lab.)
12:00- L RAKE
13:00

iv




5514 [\ A F RIS

20244211 A 14 B (K)

ey A= /A AN

* O BB HIN S

[F—n] —iGEHOG

(G285 3-4] —fEREHO

RN e RERFRT)

O s (RIS

13:00-
13:20

2A007%

Reductive deposition of base metal
nanoparticles at the liquid liquid interface
between a pyrrolidinium-based ionic liquid and
oil

O3iA K. Zhou Yishan, il &+,
fEAE ok, W Eak UKRBET)

2BO07 %

VT )R L= bRT =4 R E T AERA R
FHEEA A RS OB T K OSERG T
O E 75kt /ME L FFHE BT 12
(LARFRBEEL, 2407 KIEHE .55 &)

13:20-
13:40

2A008%

Interfacial structure and its potential
dependence at a liquid/liquid interface between
two immiscible ionic liquids studied using
molecular dynamics simulation

O\ e, Bl &7, FE Bk M
Eak KB T)

2BO08*
FZEFR PR IR DA A R DEEE -
FEREREIE

OJIHE FREL Rty —iL 2 CEL /D
BRCFIA L & ghal B EM A ek
A A2 (LEAER, 2 AEERR)

13:40-
14:00

2A009%

Softness of ionic plastic crystals at the
electrode interface: A molecular dynamics
simulation study

OMm Ok, Bl &+ /BE &k,
B CRUREET)

2BO09%

Enhancement of CO; absorption by counter
ionic liquid electrospray

O/NEFSF 636, &1 &2 8 B5E 3
B OER3 ER HEZ LEAEKEE
T 23RACRIRIARRTE, 3. EERIT)

14:00-
14:10

(G




5514 [\ A F RIS

20244211 A 14 B (K)

ey A= /A AN

* O BB HIN S

(=] —HGEEE®

(G285 3-4] —fEREHO

R | EifE EA (BIRKT) aH O (FEBERT)
2A010
Development of boron ionic liquids using
. _— . 2B0O10
14:10- active pharmaceutical ingredient Multiphase coexistence in a single-component
14:30 ORJIl B Bk &2t Bl ®E*, 7 ionic liquids: Violation of Gibbs phase rule?
U ek B SR 54 (LR Omﬁﬁq# e (%ﬁﬁiﬁﬂ) '
TP, 28R S TRt 35T ) ’ ~
WK, 4K KREAH)
2A011
W2 X0 T OREIE & RFF LT AKFnA 4 | 2BO11
14:30- | AR~ DR & B e D Solubility-switchable ionic liquids: a new
14:50 | OfEH 2871 A EFEL /MK FoE 1 | concept to control solubility of ionic liquids
A B2 MR R4 e M (L | O BR B (LhpkT)
R, 2. RBE T, 3.4 T RFET)
2A012
A A RIS O A2 7 v JE & R H
L7 bt 2BO12
- o \ VL= 0 I N Y Ay
1450- | O Lk Bk e, i 02, Uk gk, |00 VR ORE YIRS ROE
15:10 | Dieb Sae', B FHHL 13 flill BEKRS 1 L )
-y IX ) { ? 1' 7/]? I‘\
W1 (LNIMS, 2ACkBekAE, 3 |t O TR RO
LB, 450 REEmE, 5.5k [T
Bt/ BT, 6 RFKEE~T Y 7 L)
15:10- Ik
15:20
15:20- [PUSESEN = A 0
16:00 [F—] #ew - WEIORA | P ORE

vi




2 x—m 11 A 13H (k) [EE35%5-7) PO1~P68
*ﬂfx P4 _Em% %fﬁ%% 10:30~12:00
{BBEE 16:00~17:30

[PO1] Electronic relaxation of S -carotene in ionic liquids and lipid bilayer membranes

observed by femtosecond time-resolved near-infrared absorption spectroscopy

O/NBE BB, &P B, R RES, S #— (EEBRHD)

[PO2] BRIRANF=ZAT I KT =F v 2 H T 530UFR R +F =0 28 4 F iRk oY
T

Offeli ffa+ ' s B2 1 S 25wl L 51 AR L LH &2 e w1
H #A G QALEE, 22k FEE, 3 RRLIH)

[P03] Li-ion transfer rate at interface between inorganic solid electrolyte and highly

concentrated liquid electrolyte

Ol #®A, 4R H— 12 il 312 (LEEEREE T, 2855 EK IAS)

[P04] Viscoelastic behavior of ionic liquid - amphiphile mixtures

O et Rty e (B R8T

[PO5] Relationship between the Viability of HEK293 Cells and Water State in the RPMI
Medium with Ionic Liquids

il HERS 1 OfmE Bl Bk saE L BH WAL B G3ES bR ME S ILH
HEE ', FHA sEE D (LB . 28R KRBT, 3.BAfIE KB 40

[P06] In Silico Screening of Cationic Cores in Ionic Liquids for Cellulose Dissolution
OMengyang Qu. Gyanendra Sharma, Naoki Wada, Kenji Takahashi (Inst. of Sci. and

Eng., Kanazawa Univ.)

[PO7] Analysis of facilitated transport of carbon dioxide through supported membranes with

ionic liquid mixtures

Ol &, IBF Mfsf, 4y B2 (ERD

[P08] Prediction of CO> separation characteristics in supported ionic liquid membranes

using machine learning with multi-modal input

Ot th, iy HEel, @i &, % &2 (ERDD

[PO9] FY TFARAFARARZTL P AXAFAFRAT x— b IKIETR DB o

O& AL et 1l #1512, WE K#fi 2, Umair Yaqub Qazi', 4% &2 ', #4FH &
WL R P L KD PR, PR %S (LPERRE. 2.HART. 3.HA L2 T¥#EKAS
)



2 x—m 11 A 13H (k) [EE35%5-7) PO1~P68
*ﬂfx P4 _Em% %fﬁ%% 10:30~12:00
{BBEE 16:00~17:30

[P10] /KEEMFAEERIRIC > 2 A A v W D PR R AT

OXHFR L SALR Sed ' Bl #2L B TR hn BE L ONE R
20 BKH BT HPH mH, EO 58 (LERDE 2. 2 2 AFEEkRSat. 3HkAa
2 R T FERT)

[P11%] Ru &H A A Y IRIEDIIGIT X 2 BIZEHER DK
O/ME &', Rl 81712 (LA RBEEE, 2.7 RIehili T4 %)

[P12%] “HiEEAE2ET 24 =T LA F 4 v 2 fllBIA LRI T O AR L B EE
OB Bzt #fH AT V2 (LAF KRB, 20007 RSEmE T4 )

[P13%] Development of Mg-ion Conductors Using Ionic Plastic Crystals (I) -Effect of
Anion Species-

OREEE #1047, B Boh, BEE IR (REREET)

[P14% ] UCST/LCST BUHZAL % 1T 4 A v ik /KRS % OMZEE 0t 3 2 [T ) o frss
DFE

ORFH PEFE. AR WsE, #aH BB, BTH SGa. /5 GeEERABET)

[P15%] Effects of Ion Species and Pressure on Electrochemical Reduction of Carbon
Dioxide in  ITonic Liquids

OV Ef L LI &mm . Wl BEA L =k ORER 20 KR Gt 2 (LIRS KB
T, 2.FAEHKET)

[P16% ] Conductivity change of a redox-active ionic liquid crystal by phase transition in
solid/liquid crystal/isotropic liquid phases.

OFFH Jefi ', HE 50E 20 1L i 2, & A2 8 BE2 (LRIEKEL, 2.8
K Beie A AR E)

[P17%] Spin dynamics of a TEMPO derivative in cyclodextrin-based deep eutectic ionic
liquids

Ok HER L, 8 a2, B 50E 12 A E A2 (LRIERBFGHAEE, 2.R KB
)

[P18% ] HHERIFT & b = b U L TEARE O BRI HE & BHG A 77 = X 4
OFl W 1 Ak 2 BIE R (LINERBERIK, 2.RE A= EE)

1

10



2 x—m 11 A 13H (k) [EE35%5-7) PO1~P68
*ﬂfx P4 _Em% %fﬁ%% 10:30~12:00
{BBEE 16:00~17:30

[P19%] Design of Lyotropic Liquid Crystals Containing Superconcentrated Electrolytes as

Solvents for Creating 1D Lithium Ion Conductors

ORIl #3E, I ME CRRREIR)

[P20%] 7 v b YR PICE T2 F Y LA F Y DOREEEL A F 3 7 R
OFAR %, ™H it (ERETRFET)

[P21%] > Z7uF*x2 b ) voufBrE2HHL 724 4 v ilik//KiE& %D LCST BAHIER
Z58) o il H
Ol g, R 80, KB 5035, —)I MIA GERETR)

[P22%] 7 3 FEECH AN VL AICLIEAYOWEE E T AL Iy LAY T —Y g
v

OskZ FE L Ko EEE2 @ g2 i 525, B FE4L Ll 25, &l
o, MEtk FZ 2 (LHHARY:. 2B RBEAA. 3ERE R, 4047 Kb, 5. 3K
B, 6.1 KREL)

[P23% ] Phase separation of magnetic ionic liquids with asymmetric cationic gemini

surfactants in water

O EA, RH Fpb, ik 7 CGREEREET)

[P24%] Temperature dependence of photoluninescence property of phosphonium ionic
liquids
Ol B, A st R 3 (B BEREMEL

[P25%] Effects of solvent viscosity and anion dependent solvation on the Z-E isomerization

of imidazolium cations with phenylazo group

O HEN. A BIEE (R 1REERR)

[P26% ] Effect of addition of inorganic salts on ionic liquid/water mixed systems exhibiting

lower critical solution temperature (LCST) type phase transitions
OWN H&E. EiF g, B EsL I WA, bR 550 GRER LRBEL - #hg
 V WARRIT L)

[P27%] 4 I XV Y v LHRAF VIRIE+F AR =Y LR A & VIREESY O 28 i1
B LTI BUKME AL D )R
ORI AR, TH hith (ERTREET)

111

11



2 x—m 11 A 13H (k) [EE35%5-7) PO1~P68
*ﬂfx P4 _Em% %fﬁ%% 10:30~12:00
{BBEE 16:00~17:30

[P28%] Cation-anion interactions of imidazolium-based ionic liquids in alcohol

O#FEE Erh, TH fhth (EETAPET)

[P29% ] NMR % & B\ % 4 F iRk D v 4 24 HAME o 2
O/NR Kgml, IR it (ERTRBET)

[P30%] High-Speed Image Analysis of CO, Absorption Behavior in Ionic Liquids Using a
Micro-Flow Channel

OEME HE 1, &1 2L WY BES &AMR RS a5 FE? LHILREL 2.5t
K FARIE, 3. EERTT)

[P31%] Extraction of Metal Ions Using Quaternary-Ammonium-Salt-Type Gemini Ionic
Liquids
Om& BHip, 51 fi— RRZKR)

[P32% ] COSMO-RS ##EicH o< A4 4 v ik o Bk Ml & Au(I1D) o E R H ~ o oA
O+H #®wa L BA BEFA L ZH HEAL mES B, /mEHE Ak, HE 21
B wE? (ke 20080

[P33%] Room-temperature [Comim]OAc crystal
Ol &, &g Erl, BH &N (BIRAKHET)

[P34% ] Phase transition behavior and hydration dynamics of thermoresponsive ionic
liquids

OEfG i, Hrb BB —)I WA, A 530 GERUR TRBEL - BEAEA 4 v MUANITSE
L)

[P35%] F FV Y LARA4F viiiEhicBIr 2257 7 4 b IEW O FEHCE2H)
OEJR A, KL BAL 1A 2, P B2 (R 4+#HT)

[P36%] Electrochemical Proton Intercalation in Bronze-Type Vanadium Dioxide Using

Non-Aqueous Pseudo-protic lonic Liquids
OSunghyun Park, Shin-ichi Nishimura, Atsushi Kitada, Atsuo Yamada (Dept. of Chem.
System Eng. , The Univ. of Tokyo)

v

12



2 x—m 11 A 13H (k) [EE35%5-7) PO1~P68
*ﬂfx P4 _Em% %fﬁ%% 10:30~12:00
BEE S 16:00~17:30

[P37%] The effect of polymer side chain structure on the Li-ion transport properties of
sulfolane-based highly concentrated gel electrolytes

O/ AT 1 ANARR L SR B2 AR a2 il B2 (LR E R BeR
T, 2.BEREK TAS)

[P38%] Carbon Dioxide Reduction Reaction by Ionic Liquid-Modified Gold Electrodes
Encapsulating Fe(III)-Porphyrin Complexes

O Fizx L, LoE mh 1 Mk BE L NE BE L WME HE 2 QA TKREEL, 22T
PN

[P39%] Effect of zwitterion addition on various properties of ionic liquid/Na-salt

composites (III) -Battery performance-
Ol 3£ Y, Jonas Mindemark?, Wessel van Ekeren?, ATl #1 '. BEJII BA 1, FEH
EfE D (1B KRBT, 2.Uppsala Univ.)

[P40% ] Fli 4 DVUFR R R =7 LA F VRIKERREZ A W727 =) v OEFEL NG
Of 751 #F #6952 AH F—HR2, A Fk2, +H 303, #E 2L Ul
w2 AL TS, 28BEE, 3k EE)

[P41%] Reduction products of quinones bearing ionic liquid moiety under CO; atmosphere
O hE L BRH KE L #EE B2 BE IE& 2 BB st 12 (LREEE KRl
T, 2.BEEEK IAS)

[P42% ] An electrochromic device using a pyridinium and ferrocene-based redox-active

ionic liquids mixture

OFK WL B AE Y2 AR A (LRIEKBE T, 2.RIEAREAAE)

[P43%] TAHEA A VAR £ I L 72 4 4 HEARBMENC X 5 SELUAR & 9 4 2 VFHED
FF
OEZIPN NV EUTENE i TN SN €PN

[P44%] Innovative Microwave-Assisted Approach to Synthesize Pyrrolidinium-Based Ionic
Plastic Crystal Electrolytes

(OFatihah Najirah Jumaah, Yoshifumi Hirotsu, Masahiro Yoshizawa-Fujita (Dept. of
Mater. and Life Sci., Sophia Univ.)

13



2 x—m 11 A 13H (k) [EE35%5-7) PO1~P68
*ﬂfx P4 _Em% %fﬁ%% 10:30~12:00
{BBEE 16:00~17:30

[P45%] Formation of the solid electrolyte interphase and its influence on the

electrodeposition of Ni in an amide-type ionic liquid containing acetone

Oy B, /i F=, Rl 3 (BRET)

[P46%] Quantitative Investigation of the Resistance at the interface between Highly
Concentrated Li Salt/Succinonitrile Electrolyte and LiCoO; Positive Electrode

OMIME M+ & Ea 2 PR &L A kL Bl 581 3K SER L SFa 35,
—AZ KEE V2 (LBORRERE, 2. BURBRARYE L, 3.0 K)

[P47%] Electrochemical Protonation Behavior of FePOy in Protic Ionic Liquids
Ol Bk, &K e (EMRBRAEET)

[P48% ] Stabilization of sensitized dyes using cross-linked ionic liquid-modified TiO:
substrates in dye-sensitized solar cells.

OPEE FrRY. afE R, dull st sk BEZ. /N Bt HlH Fe2 (1.4
TARBET, 2.8 TKBETL)

[P49% ] [TBP][OH]/KEKRHTOT U it —2DEK L HEBHIKIGIC X327 ) o
yZle
OFFie Bk, A LR, Ml mish, E B, B 2 uEEKRET)

[P50% ] Chemical Modification of Ionic Liquids for Tailoring the Cationic Solid Electrolyte

Interphase in Lithium Batteries

O FE. 50 Tt & B wik Ha (BoRbeiET)

[P51%] Polymer-assisted deep supercooling of Li salt: a new concept of single Li ion
conducting liquid electrolytes

OzEff ', i &8 FEE A2 BB e 2 (LENRERBEE T, 2.B0RER
IAS)

[P52%] Polymer gel electrolyte consisting of a highly concentrated lithium salt/sulfolane
electrolyte and a partially fluorinated tetra-arm polymer

Ofif B85 10 /AR 1 B4R R— 120 Bl B2 (LEGEERBRE L, 280RER
IAS)

[P53%] The Cations Effect on Polymer-assisted Anti-crystallization of Alkali Metal Salts
Otk mik 'L 288k $h 'L BB fos 12 (LEGERERBEE T, 2850 E K TAS)

vi

14



2 x—m 11 A 13H (k) [EE35%5-7) PO1~P68
*ﬂfx P4 _Em% %fﬁ%% 10:30~12:00
{BBEE 16:00~17:30

[P5dk] AR v —DFHOBNHBA L Vv IAWE~T o aT 7 74 "KRHT 7 XE
vk v 3o CO M MERE~G 2 5 08

OHA IEE . R #RL it BER L P @} 2, fEl B, B AL JEE A
— 1 (1AM ARFEEE L, 2 804l A HET)

[P55%] Development of cellulose ester resins using automatic synthesis robots and

machine learning

OJtly st BT k., =fE Er. H B (SERKREARY)

[P56%] Continuous Synthesis of Cellulose Acetate Decanoate by One-step
Transesterification in Twin-screw Extruder: Precise DS Control

O-+H %. Romain Milotskyi, FIH (&R, G E& (@RKAAREY)

[P57%] Cellulase inihibition by zwitterions
O/KEF HER, M3 4 KH Wi, &fF EF. BH &N &R

[P58%] Preservation of cell spheroids in low temperature liquids

OFJII FifH, Al &, BH EN (ERKELT)

[P59% ] Cryopreservation of microorganisms using zwitterions
Ok I 1 W BAL (8 —8s Ea MAL BH & (LR T, 24010
KRB, 3EPRBTAM. 411K ILE)

[P60% ] Cellulose solubility and toxicity of aqueous pyrrolidinium hydroxide (V) - Effect
of pyrrolidinium hydroxide on cell membranes -

O7Fie FEA. $ok B, g B, T o, BRI BoA, BEH ERE (3R
T)

[P61% ] Inhibition effect of zwitterions on protein aggregation
OHPL &\, Al & 1 ik & &e L B A QEIOREL, 2.0
RISHALEE)

[P62% ] mRNA R3O SLXE LR BiE L 72 4 A v AR DB e

O BARL, Hf 8 858 RN 0 ZE L Ak B L whe fl 2 gk
w2 (LAURBET, 2R KKk L)
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[P65% ] Enhancing solubility and stability of artificial antibodies using ionic liquids for
transdermal delivery

ORERT FFWC L, B R L H9R 8GO ZER L, 5k A mhey BRE 15 ik
Mz 128 (LIUKBEL, 2. KEERT £, 3. JURARKIL®)
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Ionic Liquid and Ionic Liquid Research Association

Hiro-o Hamaguchi

National Yang Ming Chiao Tung University, Taiwan and Spectroscopic Science Laboratory, Co. Japan

hamaguchi@nycu.edu.tw

Precursing episodes for the foundation of the lonic Liquid Research Association are looked back

personally by one of the originators, Hiro-o Hamaguchi, on the occasion of its 20" anniversary.

1L IZC®HIC

AT AREIESZAINL 20 FBHTE H TZNWET, RSO S EFICBEbo7z— AL LT, K
g LHEWET, ZORD, KifmS@ARCRFEITEZARE LV | Al 20 Fil&#ER E LT,
WREEOSES LT OR#EELZF L TIELVWE D ZTEHERHV EL-DT, BIEZIFLE LR,
ENBI72IREN 2 < FENDLFHREICR D EBNETH, THALLTZEZ S L) BEWVWZLET,
2 EBEFEDAF VBRAARETDORE

Ionic Liquid & W9 EEZ MO THRIZL7=DX, 21 MRIC A2 E% T 572, Chemical &
Engineering News OFLH CZDRHEZH Y | VBB Z > 7-, 7~ U0 tIc L D& (L FrInr4e
WZHETF L. B2 OTI 2 ERAERICHER L., # LWIRBI DR FEHFEEZ N OB E L
TAFREITHEA L, A IFY—VRA T ARKIBA Y Ay 7 J{FiEEZ RO L D il
WCEBE LT, MAKPTTF /) TAR (A Ry 7% A XOK) BNEMKL, KO ERRKRT O
JRIK & 72 D Z & A RE L T2 BB HE OB ORI, A 4 R ROIERMR EIchH 2 D TH 5,
S AFVREMAREDRILET

A F AR F; - T 3RO BUR 2 B IS e L2 D1d, K2R TH W B0 - il — =4
TRRKFER TH -7, FERICRBMEETE T, WEEBEIZEF S > RO Az B LT,

O 2000.11.11 & H B KXREWEEBHERFT Y VRV A (4 3 0E) X B—E=

A HBRRFEFERFOMEER 20, MBI RN DB RE M U, VT,

O 2001.6.28-29 4 FRIEEFAIES [ A REDSFRIFE] REARRE HEPER
FREE L, IR L CTIEW, #BEYEEET Che < JRFIR 0B ORFREDE D, A 4 RO R
BEBEEV BT, RWITEDY B o7z, FeE sl 78 oo 55 2 GBS AT 7o iFFE i ) iR %
ED Z L AR L, FHAFEEABG PRI (o) REMREZRFHE T L& L,

O 2002 FEMZEMFEMB S BRI (o [ FBEOT] BIREREE EOZER
ZOWFFEIE, W LR, ALY - AL FEE BRI - MEHEFEED 3 PHERL T, Y RED
BE DA F AREIFRE ODRZENBM L, A F L REBRE S ORI, R E I8 B 36 O &
72 o7z, #Herm DR ionic liquid DFIFRZ T4 A KK TH— L7122 & b ZOMERORE TH - 72,
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Ionic Liquid Research Association and Priority Area “Science of lonic Liquids”

Keiko Nishikawa
Chiba University
k.nishikawa@faculty.chiba-u.jp

Ionic Liquid Research Association and the Priority Area “Science of lonic Liquids” are closely related
to each other in the footsteps of the development of ionic liquid research. I would like to share some of

my memories from my perspective as a representative of the Priority Area.

A F RIRIFIE RGN 20 JHAE, B TE S TSWET, ZORERFHE T, A A ik
HFZED L O BNHGEE TIBESE WL 28, BRICFELET,

A A REIEDORBIZE 2 RIES B WTT, HOIREOREZ PHIILTRBY ELE
B, BE-HELIZ, ZFOTREZENTEITND LW ONEKTT, UL, 14 KK
Da=—7 I LELER @A D, B LW PRI L - ERAbiFst s £ A T&
2Ll FEA, Fo, HRIICA TS, BARITEERA A R EF RO D —D
LEDLIENTEET, BRICBIT DA F I EZ Z ZE TRESIFHERIEZOIF, X
AR EEEMIE T4 A IR0 (2005~2009 45, HI7~H21) 23, K&ERHL5%
RICLEZETMEDH Y FHA, KHEETIE, T ORIR & EE R L7 BWHEE L 4
AR FEE OB DY & SRR E B D SE TV WO BR TR STV
TV ERWET, BEHOMEIX, UTDEBD TT,

s A F IR E DS

- R TE BRI JE AR A ik AT

- R EREIANZE [ A IR DR Ao T

(A A ARIRORIE ] OFR Y. FHEIE LT D%

- A BARIFIEE L R E SRR I8 T h Bl VW BEIR
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Ionic Liquid: Research on This Fascinating Material

Masayoshi Watanabe
Institute of Advanced Sciences, Yokohama National University

e-mail address: mwatanab@ynu.ac.jp

In this lecture, I will present my personal research journey with ionic liquids, a material that has been
particularly fascinating to me. I will focus on how my initial encounter with ionic liquids shaped my
research career and led to the exploration of various topics. These include the basic transport properties
of ionic liquids and ion gels, the development of new proton, electron, and Li* transport materials for
electrochemical applications, as well as the study of phase transitions in ionic liquid/polymer systems
and the regulation of their self-assembly.

1. 41FVFREAEDHE

TR, =X RITR D DRI EIC R AR D RN Y =—F LRG0 E
EIRE O A B LTz, R T L, RN =Z—T L REDFIZBN L, =—T b
NHF A ANRLBNLT DT, A 42 R—=Y U FIC L0 AT AGBIRE (TN EH- L, 2>
AF UL FEEMN T TV T T DD, v VYA A DK E A A U BENED
R OMKNENA T AREREBL ORI 5 HN Sy h-oCETZ, 2T, BHFICR
—TFTHE TN IR LD el dn i E B Lz, B, /ea7 I f— a7 =4
ETHA =T AEDNER TR CHRHTFIRERE & X W) ThorZ tamol,
ZIT, BT AT IR SRS B LA A ARE B (A7) OFFRICET L
= Dy ZOAFRIKITHEOE NS O E/ERT 20088 L <, KT TIIRNLERY
HTholz, TOMIEEETTHDOIZ, BKFZOREDOFH — NE ThH -7, SUNY at Buffalo
@ Robert Osteryoung % 1990 FIZRI L, E A IHEEZZH D 7 Z LIZRWEWHET
bb, TO%, BRHPTLERNDP DA T L RROFRIZBITL TV o7,

2. AFVRIKEAF T ILOEEYM D AZERR

BIFIE, A A IR E WY WE B RN RS 572, A F IR 72 IR I UL B BER
KELTRES ONE VI RIZEH L, 7V ARG AR NMR Z@H L Cx v U v Bk
LGB O GEEERA T (Db Thoto), MESND I TF Ay - T =4O A CILHFRE
¥t L Nernst-Einstein R HRFE D EMEER L A 3 MRERKRENHRE D ENVRER L
DI % donicity L EFE L. % < OIA A ARIKIZ DWW TRFEHNT A L7z 2, ionicity 1%, 7
= DA RO R, BT A O, ABEEOE K, $T-hF4r - T=F4 L R0
FIHEAEROFEEOHA, EB5ICAFAH L HDLNET =4 U EEFOT VX LVEHEOH K &
EBIETT At/ LT, T7b b, ionicity 137 —nv v F1 &R OIS 7235
ATRESNTNDZ EEZFEA L 2, ZHUTEIREBEICIE A2 SN0 A 4 IR O H%
Th D, Y ionicity 134 AV RIKDORBEM: 2R T /XT A—F LEZ TR, BIFEETIE, A
I OEFEEERTNNT A —F LFF STV D,
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FLRV =T NDT 7V TR K DRAZ T D700, 44 TV HES
HI-REAToT, N Z—T VREME LB LT & EDBERIEVIL, A 4 RIEKDE S
T T 2 AL F(T, DIE T B 7 AL NEBINOT v 7TV T LA A Uik Th
5723, ZORER, BREIEIRICICHCT 5 A A it a2 EH L, ARM: - RIS A
RIROEN SRR STz, KR T CIERNREERT 7 T 22— X L ORHO—D2TH 5,

3. HEEMA A UBRADEIEE ZTOESRIEE

B UWBEREMEA A IR & LT e AR A A IR, B imstEA 4 IR, Lifs
A A AR E I L CE T2 39, T u b oA A AR R E L O B AR 1272
552 L AR L, I 100 CULEDRETOREBEALFI L, £z, A 4 KIEOE N
A A UBREN 7 — o AR EAER Bl T D 2 L AL Ty L Ry 7 RO AT ASH G
(HEIEHB) P EETHZ LML, ARBEREEm~EH L, 612, 5
DT T4 LEE D F U LEOYEIREMNA 4 IRIREEOMEZ 3T L2 R,
TNHNIEEERIA A By & DRI A A L ARIR E RSN DI E o T, F IR A
F RO ERIT, VA A TH D LN T 5, WA AR THLT=F & 7T 14 LDR
MAIC Lo TRED Z EEZH LM LT 9, T, WA iR ERD ET 5% D
IRIEEME T, R e BRI B R L FROGD W2 &, & B H B MR
—ODWIE & o> T D,

4. 41 X VRIK /"SR FRDOIBERR L B2 EEHE

AFHRIEFRTH LD E S0, EREESESIEIEE (UCST) 36 X OV BRER SR ik i
(LCST) OfRZE#ENZ R~ T 2 & A FUTTEBRT TRWE L2 49, o A iR F o UCST B X
ONLCST (X507 i - A A RIS
EODLTNREETRELELEDY | =
TR O = Z e —28 k- = |k
2B KF A & Vo T
PEAIRIBER & s LT/ E L 2D
WIp/NT A TRESNTNDZ &
NRRTHHEHLMNI Lz, ZDO%

FiZ, A4 A Vo REREEE, 7 e 1A BH®D A

v 7 KEOKOREFR S L ANE BRUEER opene
b RS ENE B k(b & Vo 72 i
WS ERLIM B ORFFEICIE R L TN D JO1RRBEFE gepa BOFEE

Yy & BITHIE, JEBEVED® T/ A

A AR 2 T U TORin s kL o K144 VREHTOER LR

ERIZESTWND,
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Our Research History of Ionic Liquids

Toshiyuki [toh

Kanazawa University, Biomass Green Innovation Center, Emeritus Professor of Tottori University
toshiyukillll@mac.com

We have been conducting ten projects about ionic liquids (ILs) over the past 25 years: (DLewis acid or
transition metal-catalyzed reaction in ILs, ) Enzymatic reactions in ILs, (3) Development of ILs for
cellulose & lignin dissolving agent, @) Use of ILs for computer devices, & Design of ILs as
lubricants for a spacecraft, ® Design of ILs for CO, absorption, () Design of ILs as a desiccant for
the liquid desiccant air conditioner, Design of ILs for the redox flow battery, (9 Design of ILs as
electrolyte for the Li ion battery with Si electrode, and Development of the IL type-tag for electro-
glycosylation. Because there was no commercial IL when we started our investigation about ILs, we
had to prepare our own ILs. However, this became valuable experience for us in order to understand the
properties of ILs. I will talk about the reason why we were fascinated by ILs and how we advanced our

projects.

BHEDITN—TDZNETO 25 FEFOA A AR IEOE % Figure 11ZRL7E Y, OA
A IR AR (111) HEfRBES S OVREE, @A A LRI Z K53 fRlESE U 3 —8 O SOGREE &
LTHEHL, &I NN—EBDIEHEIZON D, @T I VBEXT =4 T 54 4 kK
IZE A =AY V= U R, OA T EEE AT =T A 2E S, ©OA F K
B, © _BLRFBRINDOT=D DA X ARIET A >, QBB A F BT A &
Z OB O, @@L Ky 7 A7 u—EFHA 4 IR0, @) arEmY T
LEMOEMIR L 7254 F kIR, O REMERNEOBR ) a2 WIS D T DD 7 v
A=A F IR E T DT A 2D 10 DT —~ THIZEZ BB L, T D% ONEHRAY /<
A F =T\l bbb,

l.A4FVikiKEDL S

FLT- B DA F U WARHFZED A 2 — R L 1998 4EEIZ72 0, 8 (111 A A2 0 1 EFRbH%
9 HHEO R E ERT DT, 81 40 OB AIDRA I IR T ER D L )
ERICHED Y, 2770, ZOEITEEA T URIRITTHRSN TR0 BE b A v
BIREERTDUEND ST, RO THRBBICOWTIIFREY TRI LR, 20Dl
MR OBIHTELX T DD Tho72h, EEEICAZOFTESTHDH I & TA A UMK
DG DIE D, QDA A REEBERIISIE D YW T A T TICE R -7, [H
RMUTHDHN, HOIESTELNDLDOIEZ, L, Al IR TL 5 EIEERIC
MEDEDL LD TH D, WE TIEA A U IRIEDOFEM 72 BT ED TR N D o5,
FIEAT VBB EZ G LT ERNENFITRIE-EAOAR L TWE Z & 2B80T 5,
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Figure 1 TRLZZL D ICHFBEZ V— T OO LR CTRAL-ZbOTHY, ®
~@DFA A RIS TOHS VR ILFEIEOREI e 5 T2, A A RIRF RS ThHEL
MRV D ST 2 DIFFEDOMED 2 H DM T-0IZ L= Z &1, EHEOEBEZIET 57201
FHIIHERTh o T, A F U HRIRIEMD 2R E D LEZ D720 THHTRMANSE S,
LbZFOMEE AN TTHFA L TXD, HoT, HICA FUEESRT 275 ChiEx
RIERNH Y E AV, BEKSEZ CHEIRRE OB RBE T, 3R s Vo BEicER LT,
NFA LT =F O LA EDEEZ XA T RIEERR L TE2R, A4 RO
AR MERE Z G, ZFOREEEZICE DI, T VIRIEOEEZZ 2 5L VI HHITE THEEL
SEHThHoT- Y,

A A AARROFF O REMRIRIEF IC R E W, A A ARIRAFSEIE, B D ki & R0y & #lte
720 TH Win-Win OBRAZBE S 5 2 & PRI 7T WA TH D, A A U ikisEa T
DHENEZEIZ, Bie S APEBIIZ KRR ZED TN 28T, bREOA 4
WRIRIFIEN S BIZHET 5 Z L 2Ta LTV 5D,
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B =  Redox flow
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Figurel. Our research history of ionic liquids
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Room-Temperature Molten Salts and Ionic Liquids
~ A Challenge from Room-Temperature Molten Salts ~

Tetsuya Tsuda

Department of Materials Science, Graduate School of Science and Engineering, Chiba University
e-mail address: ttsuda@chiba-u.jp

Ionic liquids (ILs) are now recognized as environment-friendly solvents and liquid materials, and it is a
well-known fact among researchers and engineers in those fields that they are used in a variety of fields.
The discovery of ILs that can exist stably in the air without hydrolysis has triggered an explosion of
progress in the field of IL-related research. However, the difference between molten salts and ILs, which
are both liquid salts, i.e., their definitions, is rarely discussed. I hope that this lecture will provide an
opportunity to consider the definitions of ILs and molten salts, and to learn that traditional types of ILs,

e.g., AlCls—1-ethyl-3-methylimidazolium chloride, are starting to have a major impact on society.

HRA A HEIBITZ < D ANDFE Motten salt lonic liquid
DR AW - WA BT H (Original definition)
V. Ba 2GBTS TWD Z
ElE. £ DB O LEAE I
Lo T JAMDEETHD, Ll
AF B ERCSEEETH S
R (B & A iR o
EW, DFED ., ENHLDOFERITON
T, #EmAeshnd 2 Ei3bHEY 72
W, A A RIKEERBE O ERE
H—BhEnon, Ex(LFES
WWRlEZ B OMEEE T o L amihE
BB IcBE <7 4eR]  Fig. 1 A diagram for the categorization of liquid salts and
Fiehn i o4 T ST T v e b n
AR LW O HIHGEILH S B AF
fEL., Z< OEWEIENREOXG L0208 (Fig. 1), FIETIE, =|EN5 100 TR 150 Ty
D—EDIRELL T CIRIE BT 2HDOIBEA A RIBEESZ ERBIBLRoTWD, 4
VIR GEE DS <AL, F D X D ik E R o CWATEA D, I TR LI ERRE R I,
AT IR ERREDERTZ T TR, ZLORBICEATERARTHE RSN TEY, EES
RO T, BBROH L HIZT—FHESnd 2t e BEDT D,

BUETE D & ZADA A iRE, ZoE, WiEpE, SiREME L Eh ey (D
LEBRAEZ TN E TR, Z|lEA 4 R (room-temperature ionic liquid) <CH A A K
& (ambient-temperature ionic liquid) 72 EDOHFENH VLN Z LB LI Rhrolz,), £D

HCOONH,

Room-trature
molten salt

lonic liquid
(Current definition)

Zwitter ions
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ERITHEALT VI =7 A (AICL) & -2 F N3 AF A I XY a7 T4 K (l-ethyl-3-
methylimidazolium chloride ([Comim]Cl)) <° 1-7F VY V=7 A7 1 7 A K (1-butylpyridinium
chloride ([Capy]Cl)) 72 EOBFRIEZIREGT D L THOLNDAIA A VIEIETH Y, TOMHED I
1948 FICFETHWMDL LN TED 2, ZOAFURIERIT, VA ARTHDLT VI =7 LT
A K (AICL, BT VI =72 (AlBrs) 72&) A AR E U< Bk L7z &9 2 Ak

WHEIRETHIETHLILDLN, BRERTPICHET D4 4 L ECZDOREIIENENDOED

RO Ko TRESE{bT 5, HHELE %2 Z OFEDO A A IR ORI W2 5612
6i\ UTFTDORIZE T, BF A T =4 DERT D (1), 2)570), AICI DFEI/L53ZRMN 0.5
ZHBZ DRI T, BRALFITETT D 2 E N ATRE/R[ALCY] AR L, MG E Y]
ThiuX, 121 100 %D EFRNFE T ALBBEBITHT S (3)N),

AICl; + RCl = R+ [AICL] (1)

AICL + [AICL]™ = [ALCL]  [AICL DENLLYEN 0.5 B R T2 & X ITHETT 5] )

(RCI : [Comim]Cl 72 E DA HEHE (NaCl 7¢ & O FERREE T & RO OS2 HEIT$ %)
4[ALCLH] +3¢ = Al+7[AICL] 3)

2B, AICLUSDEENT A R (ZnCly, CuClL FeCl 72 £) T, REEDOIGNMZ L > TA A
VRIRIIELND Y DX I RE A TOA A EE (22 TIHEEACE 1R ET5,)
i, BERE <. RREFEHK TIEES IR L, 3 IR ET 2728 (B2, AICL %
TiX, TOMEANEETHD,), ZOBRWNILT—EORRBPLE L 72 5, :@ioﬁ%%
MH, ZDXAT DA F PRRIZ D 2 7 72583812 Lz b AL B L 72 Wk s & < #ie
WTWWED, RREBKRTIAKRSEST D2 L, BEICTFEMRERFILWI A T DA I
WA (G 2 H4R%) 2 S’ T 2HIC A A R BEE 3 2 WF 9840 B D3 B I 72 IR 703
U] é‘fﬁﬂif:: el g € EO)L
Thd b TOEELLHY
ﬁﬁ@%ﬁ/ww_%?éﬁn
I, — R JRETOAT & 7 o T2 B3,
DA F MR DR (A
T AREEN L E W, SR E
WIS 70 &) DRl S, 2
QWHRDOA F IR L TR D7
o4 =V RIZB W T, fERITx LT

Revolutionizing the World with Green Technology!
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P

®S  new type of battery
that ci i as a

Utilize -

lonic Liquig \

olytes o )
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v

| ~Upgraded
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= rol ‘

Aluminum with™a" purity of '.

D over 99.9% can be recovered. '

Green Aluminum Production

Utilizing a Multivalent Metal, Aluminum

Aluminum lon Battery

. N . tery powered so|
RKERA NI FEHZDOOH . '::m:ni:elem oﬂy‘;'y
TN S, e h Creati
50 Kﬁﬁﬁf%i‘ ﬂNOT$¥E¥§mﬂ Utilizing atuminum cans as negative electrodes w‘ Iow-envir;zam::\gt:l—impact

N e A future where battery materials | =g
H & PPEN TV A A AR IR O e @ﬁ
LERRNT 5 (Fig.2) 7,

Fig. 2 Examples of next-generation technologies using first
generation ionic liquids.
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A sum-frequency generation vibrational spectroscopy studies on buried
liquid/liquid interfaces of CCls/[C,mim][TFSA] hydrophobic ionic liquids

Takashi Iwahashi', Doseok Kim?, Yukio Ouchi'
Dept. of Mater. Sci. and Eng., Science Tokyo, 2Dept. of Phys., Sogang Univ.

iwahashi.t.aa@m:.titech.ac.jp

The liquid/liquid interfaces of room-temperature ionic liquids (RTILs) play a pivotal role in chemical
reactions owing to their characteristic microscopic structure. We studied the structure at the liquid/liquid
interfaces of carbon tetrachloride (CCls) and 1-alkyl-3-methylimidazolium bis(trifluoromethane-
sulfonyl)amide ([C,mim][TFSA]; n = 4 and 8) RTILs using infrared—visible sum frequency generation
(IV-SFG) vibrational spectroscopy. Quantitative analysis of the SFG spectra indicated that the
conformation/orientation of the nonpolar alkyl chain of the cation, as well as the orientation of the polar
anion, at the [C,mim][TFSA] surface changes when [C,mim][TFSA] contacts the CCl4 phase. The
solvophilic effect of CCls on the alkyl chains of the [C,mim]" cations reduces the number of gauche
defects in the alkyl chain and the interface number density of the cation, accompanied by an orientational

change of the [TFSA] anion to increase its occupation area, at the CCls/[C,mim][TFSA] interface.
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Room-temperature ionic liquids (RTILs) are fascinating electrolytes for CO» electroreduction owing to
their low overpotentials. Although it is well accepted that the key to understanding the low overpotential
is the stabilization of the intermediate, its mechanism is still under discussion. To elucidate the
intermediate stabilization mechanism, RTIL/electrode interfaces under CO; reduction were observed
using surface-enhanced infrared absorption spectroscopy (SEIRAS). For a negative-going potential scan,
identical onsets were observed for increasing SEIRA band intensities of CO,™ and RTIL cations and
reduction current. It indicates that RTIL cations stabilize CO;"™ on the electrode, which can be ascribed

to the origin of the low overpotentials of CO; electroreduction in RTILs.
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Redox-active ionic liquids (RAILs) are functional ionic liquids consisting of redox-active ions
in which either or both of their constituent anions or cations are redox active. They exhibit not
only ion conduction but also electron conduction through the bimolecular electron self-
exchange process in redox reactions owing to the concentrated redox-active ions. To evaluate
the bimolecular electron self-exchange rate constant, the apparent diffusion coefficient should
be measured using cyclic voltammetry. However, the electric field generated from the electrode
surface modulates the concentration profile of the component ions and induces the migration
of the redox-active ions because no inert electrolytes coexist in RAIL. This migration effect
complicates apparent diffusion coefficient evaluation. In this study, we developed a simple
semi-empirical method for evaluating the apparent diffusion coefficient of a sign-retention-type
RAIL using pure diffusion theory.
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The temperature dependences of the spin—spin relaxation times (7) of 'H and '°F nuclei were measured for
[Caepyr][FSA] with a plastic crystal (PC) phase. In the PC phase, two types of 7> were observed in both 'H
and "F experiments, which was considered to be the appearance of heterogeneous dynamics of diffusive
motion. By examining temperature dependences of the 7> values and the existence ratios, the following
conclusions were reached. (1) The prepared PC sample was in a polycrystalline state, and each crystallite
comprised two phases: the core phase (PC phase) and the surface phase formed to relieve surface stress. (2)
The "H-T> (*°F-T>) values of the two phases differed, and ions in the surface phase were more mobile. The
'H-T> (*F-T») values for the two phases increased with temperature rise. In particular, the 'H-T> (*°F-T»)
values of the surface phase were smoothly connected to the liquid 7> values. (3) The cations and anions
exhibited a cooperative diffusive motion. (4) When the temperature was considerably lower than the melting
point, the ratio of the surface phase did not significantly differ from when it first formed. However, it rapidly
increased near the melting point and became liquid.
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The translational diffusion coefficients of diphenylcyclopropenone (DPCP), diphenylacetylene (DPA)
and carbon monoxide (CO) in choline chloride-based deep eutectic solvents (DES) with different
hydrogen bonding donors (HBDs) were measured using transient grating spectroscopy. The diffusion
coefficient of DPA in DES did not follow the Storks-Einstein (SE) equation and was similar to those in
ionic liquids. In contrast, the diffusion coefficients of CO did not follow the typical trend observed for
ionic liquids and conventional organic solvents. They were comparable to those found in solvents with
strong hydrogen bonding. The 1/T dependence of the diffusion coefficients hardly depended on HBDs.
The rotational relaxation times of anthracene in DES were measured by the fluorescence anisotropy, and
showed a similar dependence on /T to those observed for ionic liquids.
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Fig 2. Reaction scheme of DPCP and anthracene.
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Dipole reorientation relaxation dynamics in lithium salt-sulfolane glass-
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Lithium-sulfur batteries have a large theoretical capacity and are expected to have an energy density 5to 6
times higher than that of current lithium-ion batteries. A super-concentration electrolyte was proposed using
sulfolane as an insoluble electrolyte for the positive electrode, and a unique lithium-ion conduction was
observed in which the diffusion of Li ions in the electrolyte was the fastest. This was even more evident when
LiBF4 and LiClO4 were used. In this study, we investigated the speciation by Raman spectroscopy and the
dipole reorientation dynamics by dielectric relaxation spectroscopy (DRS) for mixtures of LiBF4 and LiClO4
with sulfolane.

1. #E [Introduction]
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3. #ER L E%[Results and Discussion]
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A lithium salt electrolyte using fluoroethylene carbonate (FEC) as the main solvent has been proposed
as a new electrolyte for Li-S batteries due to its ability to form a stable solid electrolyte interface film
formation and suppress polysulfide dissolution. However, the knowledge of the physicochemical and
electrochemical properties of the FEC as a ““main solvent” for Li-ion and Li-S batteries electrolytes
remains limited. In this study, we investigated the physical and ionic conduction properties of a binary
mixture of Li(CF3S07)2N and FEC as the main solvent, and conducted speciation analysis using Raman

spectroscopy.
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Fig. 1. Mean solvation numbers (MSN) and mean anion binding numbers (MABN) for LiTFSA-FEC
(closed) and LiTFSA-PC systems (open), respectively, evaluated with the CLSA. Total is shown in black,
which is the sum of MSN and MABN. MSN and MABN are shown in blue and red, respectively.
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Liquid Electrolytes Composed of a Novel Asymmetric Li Imide Salt for
High Li Transference Number
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In addition to ionic conductivity, which has been an important factor in the past, enhancement of the Li
ion transference number is also important for improving the performance of Li secondary batteries for
automotive applications. Therefore, this study aims to create an electrolyte that achieves the Li ion
transference number ~ 1, without solvent. Here, we report a method for synthesizing a new low-melting
sulfonylimide-type Li salt with an ether chain showing a large change in entropy of fusion and their
ionic transport properties.

1. 188
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Ionic liquid (IL) electrolytes offer unique properties, including low flammability, low volatility, and high
thermal stability, making them promising candidates for sodium-ion batteries. However, the irreversible
decomposition of ILs remains a concern, causing the low initial Coulombic efficiency of the negative
electrode. A recent study revealed that the reduction decomposition is highly influenced by the behavior
of organic cations in ILs. This study investigates the effects of organic cation species in ILs on their

coordination structure and reductive decomposition behavior.

1. Introduction

Sodium-ion batteries (SIBs) are gaining attention as alternatives to lithium-ion batteries due to the
abundance of sodium resources and relatively high energy density. lonic liquid (IL) electrolyte is
considered a safe and promising electrolyte for SIBs.[1-3] However, the negative electrode exhibits a
large irreversible capacity in the initial charge, which poses a challenge for further utilization of IL. Our
recent study focusing on the behavior of organic cations in ILs found that the coordination environment
of organic cations changes as Li-concentrated increases; the organic cations fail to or weakly interact
with [FSA]™ because [FSA] are likely to interact with Li". As a consequence, the emergence of
“unprotected cations” suffering from inferior reductive stability.[4] However, the reductive stability of
organic cations of ILs containing Na" which exhibits lower Lewis acidity than Li", also requires further
investigation.

In this study, the behavior of the organic cations is studied in a series of pyrrolidinium-based
Na,[CsCipyrr]io[FSA]  ([CsCipyrr]® = N-methyl-N-propylpyrrolidinium and [FSA] =
bis(fluorosulfonyl)amide) IL electrolytes in different Na concentration. As an approach to addressing
the issue, we explore the impact of the pyrrolidinium cations with ether-group modified side chain
([C201Cipyrr]*; N-methoxyethyl-N-methylpyrrolidinium) on the coordination environment of ions and

the interfacial properties with negative electrodes.

2. Exper imental
Na[FSA] salt and [Cation][FSA] were mixed at a molar ratio of 20 : 80 or 50 : 50 to prepare Na,[Cation];-
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J{FSA]IL (x =0, 0.2 and 0.5, [Cation]" = [C3Cpyrr]" or [C201Cipyrr]", denoted as 20 or 50IL-base or
201 hereafter, respectively). Electrochemical behavior was tested by linear sweep voltammetry (LSV)
at 25 °C using a three-electrode cell configuration with platinum working and counter electrodes and

sodium metal reference electrode at 0.1 mV s,

3.Results and Discussion

The change in the coordination environment in IL

6 5 3
electrolytes was analyzed by **C nuclear magnetic [ ), Ot '1
resonance (NMR) spectroscopy with different organic ) N'\ 20IL ||
E 4 neat
cationic species and Na concentrations(Fig. 1). Increasing 7 [C,CpynTt 65 64 63

13C Chemical shift (ppm)
the concentration of Na in the ILs leads to down-field shifts

6

in the NMR spectra observed for peaks corresponding to / }5 50IL | 2

C3 (see numbering scheme in Fig. 1) in [CsCpyrr]-based /z\/N‘\ 20IL ,|_J_1{_

IL. On the other hand, the up-filed shift is observed in the — ; pyr:]* neat J—’GS 5% = 6[—.2
2011

I . . 13C Chemical shift (ppm)
[C201Cipyrr]-based IL with increasing Na concentration. It emeaenT e

is suggested that [Co0:C1pyrr]* interacts with Na* through ~ Figure 1 "C NMR spectra of the
Nax[Cation]i1:[FSA] IL electrolytes.

the ether oxygen atom.[5] Fig. 2 shows the comparative [Cation]": [C3Cipyrr]” or [C201Cipyrr]” and x
) ] ) ) =0, 0.2 and 0.5, respectively. The structures of
total charge obtained by integrating the cathodic current both organic cations are shown with the atom

. . . i numbering scheme.
over time while scanning from OCV to 0 V vs. Na*/Na in

LSV measurement of the IL samples with different organic

cations. The total charge increases in both IL samples with

the increasing concentration of Na. A lower total change is solL. @
exhibited in [C201C1pyrr]-based IL than that of [CsCipyrr]- I 5o base

based ILs, which can be interpreted by considering the ion

20IL-201

coordination environment adjusted by the presence of the 201L
. . . .y 20IL-b.
ether oxygen atom in the side chain of pyrrolidinium-based - ose )
. o o 0.00 0.05 0.10 Q.15 0.20
ILs. The detailed description of the altered coordination Total charge (C cm™)

Figure 2 Summary of total charges
during the cathodic scans in the LSV

characterization including FT-IR and Raman spectroscopy. measurements.

environment will be discussed based on physicochemical

4. References

[1 M. Watanabe, M.L. Thomas, S. Zhang, K. Ueno, T. Yasuda, K. Dokko, Chem Rev, 117 (2017) 7190-7239.

[2] K. Ueno, H. Tokuda, M. Watanabe, Phys. Chem. Chem. Phys., 12 (2010) 1649-1658.

[31Y. Zheng, D. Wang, S. Kaushik, S. Zhang, T. Wada, J. Hwang, K. Matsumoto, R. Hagiwara, EnergyChem, 4 (2022) 100075.
[4] S. Zhang, S, Wu, J, Hwang, K. Matsumoto, R. Hagiwara, J. Am. Chem. Soc. 146 (2024) 8352-8361.

[5] M. Kunze, E. Paillard, S. Jeong, G. B. Appetecchi, M. Schonhoff, M. Winter, S. Passerini, J. Phys. Chem. C 115 (2011)
19431.

48



2A006

POF,"ZB LI O A FA A 4 ViRIKDE R & YTl

CRURBE=xfH Y, HRT?, RREe L) O#H fEXRR Y, ¥ BB, FlE HA°,
A BV, R EAY, | OBt Rk —Z!

Synthesis and physical properties of new dicationic ionic liquids with
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Dicationic ionic liquids (DILs) can be diversely designed by tuning linker and ammonium frame
structure. In this work, synthesis and physical properties, including melting point, glass transition
temperature, density, viscosity, and ionic conductivity, have been investigated for dicationic ionic liquids
based on imidazolium, pyrrolidinium, and diethylmethylammonium and PO,F, . The dicationic salts
with ether spacer exhibit lower melting points than the corresponding dication salts without ether spacer
owing to the high degree of freedom around the ether group. The higher viscosity of the DIL with BF4~
than that of the DIL with PO.F;" is due to the high dipole moment of PO,F,".

1. %8

A U RRIFRIAND 8 THFZE S & TR YD . ZOREIFEBRENLORH 5, T F
TN D IEBM N B D P TF A A A ARIRIIER DA A RIR X b ETERCE
SALERZEEDEWKE, 7 — 8 CAHAERARRKREWZORENEL 8d, BIEEETYD
T A A FREOYPEIZ DN TIERMEIA 72 Z 3% < ARRIZOWTHHREFIN D720,
WEROMFEICIHNT, MEFRTFE2ER) D= AGF A AU B ET13 y TITEA LA
TR TITRERENME T Z &b nTnsd (Fig. 1) b2

300 266 O TESA Structure of side chain R
©

;gg /NtR TN NN WO NN
E Ce mB EP PE
‘@ 100 o o o o
8 50 IO WO ¥ ~ N NN
g 0 BM MEM MEEM

Fig. 1 The relationship between the oxygen position in alkyl side chain and viscosity.
TE=ANCETREINRTH LT v REFEATH I LT, T =AY NOBETOHRED

Y., A A RO AEERRISE Y EAIER TS 28I H 525, PR DL D7 =4
TR IRTIPEAMENZ E D BN TN D, UHFTEE TR IR K DD & < 45 F
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YA XN EERH) NSV POSE, 7 =4 v B WA UK A2 S LT 5 3, & 2 CTARFZE
T HTF A AT RIED Y Gl —T VI EZE AL, POF, &l OETZA
TR E AR L, EOYNEETIT-,

2. RER

Ethylene glycol (Z %f L paraformaldehyde & trimethylsilyl chloride % & & ® 1,2-
bis(chloromethoxy)ethane % &k L7=1%., iz DT 2 2 & ORUGIT XV A A L iRINETERA % 15
720 #5t< K[POFIC L DA THIID A A ik Z AR L= (Scheme1), H/KMEA A ik
KTHLZLNb v —T7Ry 7 ZNTOJRELE MER T T =2 —712 X oBR-E2ITVEI
ERRMTdH 5 KCl s Uiz, ZD%., HoiRIc L IRt & KAy 2B & DSC HIE., 25 EEH|
B, RERE, A A MARERKAE LT 72,

paraformaldehyde

TMSCI amine + 2Cr
HO\/\OH —_— CI\/O\/\O/\C| _ X\/O\/\O/\)Zr
CH,Cly, rt CH,Cly, rt

2 POyFy

Scheme 1. Synthetic route of dicationic ionic liquids.

3. BREER

ARG LT A A K% Fig. 2 123, AR 3 B TITv. RINERIZFRE)N2 7 Z
LA — )V TCOERREZER LT, DSCHIELY ., Vo —ICBERTFZEA LTS ARSED
KRR SN, ZHEBERTEYORVAREICL b OTHDLEBEZ LD, B R
V=0 AEITBRREE TH Y 7T ey A LT S L TR VOB B E MK
WD, BEDRKELSZ2oTNDHEBZZ LMD, SHIT BFy O L BT 5 & POF, I
FEPERDME . T = A OIEFFRPEMERDOIR T E LT L BEX TN D, A A R8I
Walden HNZHES T, FEPERMEVNE EEVMEEZ R L TWD Z &R ahole, SEIGH LA
F IR E TRSA 28T MDY F A oA F U RIEDOA F A58 % (6=037mScem™!) *
RIS DL en Y U=y MEDLE . POF, DN RKERMEEZR LT,

T, depression ) Ty=—73°C
N A~ Me _N_O ~.+Me p=1349gcm-3
Me N Me™ "0 0N 22000 mPas
= -1
2 PO,Fy 2 PO,Fy ; ; 0=0.42mScm
Tn=120°C
4
o Me U U From patent /@?\
:N+\/O\/\ A~ Et AN O~ Me N O~y -Me Me—N\?Nvo\/\ SNA
Et O N‘Et Me 0~ N Me 0" 'N 0" N ® N-Me
2P0,F;  Me 2BFy 2 TFSA" w 2p0y
Ty=-68°C Ty=—-49°C 0=0.37mScm~" Tn=99°C
p=1277gcm=3 p=1305gcm-3
n=3700 mPas n=11900 mPa s
o=0.22mScm~’ 0=0.13mScm~’

Fig. 2 Dicationic ionic liquids and their physical properties.
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The liquid/liquid interface has been used as an electrochemical reaction field. The IL|O interface, which
is water-free liquid-liquid interfaces, has recently been shown to be applicable to reduce base metals
such as Zn and Al [1,2]. Mg is another attractive base metal for LSPR applications in UV regions,
however, the reduction of Mg requires a strong reducing agent such as lithium naphthalenide which
causes reductive degradation of imidazolium-based ILs which have been used so far [1,2]. In this study,
a pyrrolidinium-based IL was selected as a reduction-resistant IL applicable to Mg reduction at the IL|O
interface. As a first step in using this IL, we applied a pyrrolidinium-based IL to the IL|O interfacial
reductive deposition of Al with lithium naphthalenide. The IL-O two-phase system, which contains
lithium naphtalenide in O was used to react for 18 h at a constant temperature in Ar atmosphere. Al was

successfully reduced, forming Al nanoparticles with a size of 10~100 nm.

1.%%&

R R R S I FE LA O & LT cs b, WIO R ILIW R Eick T 2
BTG CTHEBOF /7 N ITHAAEETH S5, LrL I DR TIIKOEFELEIC K
D BEERICIIANARETH 5, FaliFk4 13 ILIO REAIFKERAETH 5 2 & ZFIHLE
BIETH 2 Zn X Al OFTHIICHKIIL T2 [1,2], T DI afETH 5 Mg i3 UV fHIkTD
LSPRIGHICH T THNINAREETH S, Mg DEITTICIF IV FULF 7 XL F A VDX H 7%
SRS IRBTCRI AR ETH B0, Z DRI INETHCCE 24 I XYY v L% IL =TS
FRINTLE S LWHEDLH - 72, AL Tl Mg i@t )GHARREZ IL R D 72 | iR
TCEZRFOIL & LCHIONAURT vE=T LR IL Z&RL, VFvLFT7XLF A V%
T Mg & v » L &7 Al © IL|O S e %17 - 72,

2. BB
VUFEER D PUMK 7 v & =7 L Cl 3 (tetraecthylammonium chloride, tetrabutylammonium chloride,
butyl trimethylammonium chloride, 1-butyl-1-methylpyrrolidinium chloride (CampyCl) ) 1ZHf L AICI;
ZEALDH0.6 CTRAELZZv 0TV I4— R IL OflE & FiRTOIREIC DWW T~ 7,
OMH L IEEM 2 BUKIEL S DIL & L T CampyCl ICHE B L 72 B BHIEKAR (AICI) % CampyCl:
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AlCI;=04: 0.6 DENHTIRA LERTREDENZ IL 21572, OHICITETAITH 2 ) F
v LFT7 X LF A FEXUZOALA NN N’,N’-tetramethyl-1,3-diaminopropane (TMDAP) %
Imolkg ¥ 2&DL AV VIRIRA W7, T ILO0 ZMHA % 18 K, —EiE (Zi. 40°C
70°COWTND) . Ar FEHRA T THET % &L 2N CREFTHIBE S N, 70°COEERT
2T oicHETEYBIKENT YO TN L Twiz, ZotffHi¥% F vz v THF, ~*
PV ERGCER 13 B30 L7z, IKENTHY) %2 EEMNE T HEMEE (SEM) . T 4L F—
DEE X BRHT (EDX) T L7z, HENTHIC O W CTEBSILIE ST (LiNMR) T
L7zo E7z. TV ORI IZF v E VBRI S 17 7 OB EEGELE (DLS) | #8546 ]
A (UV-Vis) T L 72,

S.HERLEEE

P DO 7 v a7 34— R IL D9 B CampyCl DA
DERCTOIRARRETH O, fho 3 FEEHIZERE 72 12 H
WIHAFIRBE T D 5 72, MO LI 6, kT v =7
LD N E & IL ORISR TR 23\ & 2SR
%X iz,

FEimd L 40°CTotriigEicld ILIO o IL fil<
IL BEUL L 72, 2t ALGBEITIC X 9 IL o Al ©E 4y
KPR 5 &) IL o oZ ictEuRlss B -
BE L7270 ThbE2LONS, LV EED 70°CTiE
IL OE(LZ 32 2 e TE, FKENTHEYOITHESML 72, K5 SEM 47 X
D KBTI EA A Z T O F /G oEEATH Y. XRD ofric kb Al&ETH L 2 &
DHER I NTz, 7 EDX TIC X Wi ORI IZEL I N T3 Z &b 57z, 70°CD
EECHEONZAEREYIZLINMR X0 LICITH 3 2 L hibdolz, 2D &5 ILIO
RETHUTO X S B THEE (ET) . /A VvBHEHIDARI>TwieELLND,

ET: AlCl,-(IL) +3e~ — Al +4Cl-(IL)
IT: Li*(O) + Cl-(IL) — LiCI(IL)
TP D 538 o DLS 12 & 9 40°C TR 78 100 nm, 70°CTiE 10~100 nm D &°— 7 535
b7z, UV-Vis IZ X b 40°CTlE 250 nm, 70°CTIE 193nm D v — 27 235517z, Al F / ki
TIFEAMEIIC LSPR BN Z Fi b | KRV Ewig v — 7 ESEREMIcy 7 35
TEBHONT WS, L7285 T DLS, UV-Vis OFFHE X b iR ic 8L T w2k 1% Al
THBZ Db o7,

Fig.1. SEM image of aluminium deposits.
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The electrochemical liquid/liquid interfaces have been known as electrochemical reaction fields for
interfacial electron and ion transfer. As a new two-phase system containing ionic liquids (ILs) our
laboratory has recently found that the IL/IL interface can be electrochemically polarizable. In this study,
we clarify the microscopic structure and its potential dependence at the IL/IL interface using molecular
dynamics simulations (MD). In the simulation, a hydrophobic IL phase (trioctylmethylammonium
bis(nonafluorobutanesulfonyl)amide, [TOMA*][C4C4N"]) and a hydrophilic IL phase (ethylammonium
nitrate, EAN) were sandwiched by two graphene electrodes to apply the potential across the IL/IL
interface. On the [TOMA*][C4C4N"]/EAN interface, the net positive and negative charges were found
to be located at the same z region, which is in contrast to their clear segregation at the
[TOMA*][C4C4N"]/W interface!!! and the conventional 0il/W interfaces. The methyl group of TOMA*
was oriented toward the hydrophobic IL bulk at the [TOMA*][C4C4N"J/EAN interface, in contrast
toward the interface at the [TOMA*][C4C4N"]/W interface!'), reflecting a peculiarity of water-free
liquid/liquid interface of this kind.

1.#%8

BRI S TR LR TR E A A BB OIS & LT LT WD, A A KK
(IL) & A2 Tl IL/K(W)R & ILARMO) A E T CIZERALF N fRER Z L 2 F 2 D
MFZEsRIZ A L C& 7223, S CIE, BRAKME IL &M IL & ORI o ILAL FLia b sofadE i
& 7% 2 L ERICH LN L, 4% RER LRI m & LT ILIL St b [FE
BRIZ, FEKREREED D IL ME OFRAMEE 2 b ORI &2 T A Valie L BIFF T 5,
L L2RAS IL 23 AR Y 7 NESETF R OB G % O BRI EMEIZ DWW T,
IL/W S OSATIIZE Y Z R E B S STV, £ 2 TABFZE T IL/AL S OBEe
R L ZF OBARIFIEICHOWT, HFEEY I 2 L—3 3 »(MD)ZHWT, IL/O REDn %
AU & LRI - BRET ATV, IL/W S & OfER A B LT 5 2 LT, Ao & iR Y
M CHART DDV ENMREfRE 52 52 L2 BRNE T 5,

2. RER

BoK f IL & L T trioctylmethylammonium bis(nonafluorobutanesulfonyl)amide
([TOMA*][C4C4N, Fig.1), #/KM#: IL & L T ethylammonium nitrate (EAN)Z V72, J135121
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Fig.1 [TOMA*][C4C4N- D& Fig2 Ry 7 ADAF T gk

OPLS-AA Z#HA L7=, BME LTHWEZ T 7 = L (GR)YD /1H5I1F OPLS-AA @ sp? K
TEHAW, A LE0 B85 X5 EM A EH 2 mERHME T2 Z &M b Tn b 720,
IL OEM%Z 0.8 (FICAr—V v 7352 & TCEIIBONREZE LT, EEIZELZ O
SRR 2RI T 5720, HHEE /(4 nmx4 nmx80 nm)IZIFIHR 2 fHR % Z B mic
GR|[TOMA*][C4C4N][EAN|GR (Fig.2) &£ 725 X 9 2 #t®D GR THA, GR ZS4MillA & 1bar 7217
JES %3 TR Lz, BALIE GR 2B S5 2 & TREmICHIE L, 24D GR DRF%E
JR AV E I KRIFF B OB (g : GR OERT, q = £7.34pClem?) & H#5E S H 72, NVT 7
U TL, 400 K T 100 ns 72 L 5 DR A WIHIEE O R TEE 21T o2, 4E
[TOMA*][C4C4AN")/EAN Siifi D ekt ge & LT, [TOMA*][C4C4N"]% toluene(TL) CAHR L 7=
TL/EAN FU & FIERICER Lz, 26 O b -8R & ffAT U B0S A OB m o0 A 72 &
ZRDT,

S HEREER

[TOMA*][C4C4N")/EAN 5t ifi 35 L O TL/EAN St O FE/KHEHE 5t i Tl [TOMA*][C4C4AN/W
A& iL2 ARE BRLMEENMG LN, 1| SBIISWBAEHEE TH D, WHHIZ LiCl 21
fiff X H 72 [TOMA*|[C4CAN/W St %2 . [TOMA*][C4CAN-JHINIE(B)IZ 725 X H I ESED
& . TOMA* (CACAN)HRDIE(R)ER S U » Fefiik e W floxtA 4> Cl- (LiYH kDA
(EYEM A Y > F RN i 2 $ A C~1nm FREEBENL 7= ALE IS B D1, O/W Fm b Fkk D
SRR A 2o, AU RE &2 A 2 T o & 73 Helmholtz €5 /L CRtik T& 5
— AR TH D, —F7. [TOMA'|[CACAN)/EAN A CTlx. TN EN DA KD IEHE -
AREMEIETIER U 2z MLEIZBAL - (Fig.3), [TOMA*][C4C4N"]% toluene(TL) THA7 IR L 7=
TL/EAN R T [RIEE CTH - 72,

2 S H X TOMA* O R EABLH ToH D, [TOMAT][C4CANTT/W i Tk TOMAHEI A F L IEE W
M~E 45 Y, —J7, [TOMA*][C4C4NJ/EAN S ¥ L OV TL/EAN FUE Tld, TOMAHE A F
IVIEZ L7 AI~ELE L, [TOMAY][C4CANTY/W Fi & 13 180 FEfifh) < (2fidm) L 7=,

1 5B OS4SR A & OE T 2 S5 H OBLAEOE WML SR TX 5, [TOMAT|[C4CAN)/W
U TlE A FVEE 2 FURANCEL A5 Z & TRAFIVIEDNAREEN L&A 4> Cl- & DA
e+ 2 BEBE L= < 72 5, [TOMAY][C4C4ANJ/EAN ¥ L O TL/EAN A Tk, TOMA*®D
AFNFEE SOV MNCERAT 5 2 8 T, A7 FAEDOMDNHRA 42 NOy & LV irBECTHA
TEHTE %, #iRke U TIEREREE E AREEIRDEROMELZIMVELEEZ NS, 4
HiZ C4CAN", EA OEL[AMA AR 31 2 B Am B %ca -V C RS 2 XL 0 5EH

(i T Do

3

0.8

Cnm

T
EAN
0.4 [TOMA'|[C4CANT]

-19
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Ionic plastic crystals (IPCs) are entirely composed of ions, in an intermediate phase between a liquid
and a crystal. Because IPCs are soft and plastic, they are attractive materials as solid electrolytes. In this
study, we analyzed the “softness” of IPC at the electrode interface using Molecular Dynamics simulation
(MD). For diethylmethylisobutylphosphonium hexafluorophosphate (Pi2i4" PFs'), the temperature
range for the IPC phase was confirmed by bulk MD. The IPC bulk was then sandwiched between two
graphene plates. Furthermore, the two graphene plates were charged. In the IPC bulk and at the
uncharged IPC/electrode interface ions kept in a crystalline arrangement, whereas at the charged
IPC/electrode interface the structure was transformed to be IL-like. Cations were less rotated near the
interface than in bulk. While IPCs at the electrode interface are arranged similarly to ILs, they are not
free to rotate and are restricted in its rotation. From these perspectives, IPCs exhibit “softness” at the
electrode interface that differs from the bulk.

1.#&8

TREMEA A gl (IPC) 1%, BF AL &7 =A4 L OB THER S, I & fEsaFE OB o
MM CTH D, IPCHTIL, A AV D FERI LB 2 FFo— T, DO REEEIRAN TH 5,
F7o, IPC ITHONL AR H D Z L0vn, BEEREMREIIEZ T D EMmE O R mEa Tk
OREZETELIWE L L THFEN TN D,

DTESFE I 2 b—ay (MD) 13, 7SV 7 ORI ST REICEIT A REECHEB IOV
T, AT —IVTHOMT5ZENRTXS, IPC O/ Ly RACEZEFEFEZSUWTIE MD @
ERHE SN TWD, IPC ZEXILFEMNTSHT 2 ECEMAEICHIT DEENEEI /2
B3, IPC/ BRI I DUV THEIE &2 J 7 FZEIE eV, BRI S5 IPC DESR
CHEEEN, SOV REZERE L RS TR0 E ] BT E ) M EEESE TR
H BLREV, AFZECIE, BRAEIZEBITS IPC O 51 E] 1I22o0nW T, MD Z W CfE
Hr L7z,

2. EER

IPC & LT, diethylmethylisobutylphosphonium hexafluorophosphate (Pi2i™ PFs) % iATE,
(Fig.1(a)) Z DWEIL, FEATHFZERIC IPC tHHEZ R TME & L THILNTWD, S, et
FeBIN D —EMEE L7z, £9° IPCHBFET DIRE IR AT 5720, /L2 MD Z217-
72 (Fig.1(b)) NPT 7 > ¥ > 7 /L"C Berendsen 2R C DKL ~D Fil - FHi{t., & D% Nosé-
Hoover 25 CONHl « o7V o T &4T o7, ZDOFE, Parrinello-Rahman 5 CJE /) % il
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L7, RIZ, IPC NV T % 2 DT F7 7 2 TH Y RA v F Lz, NVT 7% 7T
Berendsen YA T Fffi{l., Nosé-Hoover 2R TO AL, « o 7Y o 7 &4T o7, Wlo 7
77 =2 1 bar DIENB D L9 LT, (Figl(e) ZD%., 277 7 = U IREHES

iz,
(@ _ ;

-

© i
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Development of boron ionic liquids using active pharmaceutical ingredient
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In this study, we developed a novel ionic liquid formulation of p-boronophenylalanine (BPA) to
improve its low solubility and enhance its efficacy in Boron Neutron Capture Therapy (BNCT). The
evaluation was conducted through in vitro cytotoxicity studies and in vivo pharmacokinetic and
antitumor efficacy. The results revealed that, compared to the conventional BPA-fructose formulation,
the novel BPA formulation exhibited comparable antitumor effects at lower doses while demonstrating
reduced toxicity. Notably, an increased BPA concentration within tumor cells and decreased impact on
normal cells were observed. The improved solubility of BPA, achieved through the ionic liquidation
with meglumine, is suggested to contribute to the enhanced efficacy of BNCT. These findings indicate
that the novel ionic liquid formulation of BPA offers the potential for safer and more effective BNCT

at lower doses, warranting further investigation for clinical application.

1.%#8

2020 4=, BESEES A OFTRIGHIE E LT, A v R HPME T HIERIEBNCT) M RERE I & 72 >
72o BNCT & 13HE+ &£ R U RB)DOBEINMZ L VAT D a itz HWIRIFEETH 5, a D
REEIL 5~9um TH Y, ML 1 EoOELLD HEWZD, RURREV AT TV D
D, R THZORE LISl A2 EET 5, @RI, BNCT [ZEMERMIEL e & 0= MM
N ANZEE U CEEIR A IREIEIC 72 2 IREME A R D T D, BNCT IZ81T H7KGRIKIX, BITE,
ATHRA =V DR TH D, TDHEM ST 5 p-boronophenylalanine(BPA )34 b TIAMRFE 73
7=, BIIEORFI( AT AR v = %) TIIAE 60kg DEF IR LT, # 1.2L OF GHREN
VELRDBRNS D, 2 TAIZETIE. BPA &1 4 ik b+ % 2 & T, BPA ZEig)E
b U= BRI ik dz, £7-. SO T-HHA U RRANKTT 2 invitro 38 X in vivo 7FAfl
AT o7,

2. EE&
A F IR ERERR T D BPA OXMIE & L TCA TV Ui 8 FWT, #HA 4 IR (BPA-

57



IL)DAE R EAT > 72, BPA & XPE 2 BRI L, 24 RS STk, = AR L —2—
EHWTKGREZITH) ZETHWE T D4 4 RIEZ ST, 07 BPA-IIL 25 v A =
— RN AR —RRHEFEAINE(VTO 379A)CHRTE L, WST assay (2 & W liadmE25m L=, =
7o, B NI~ U ARG AUHIR(CT26) % i TR LT AET L~ 7 2% W T, BPA-
IL OHYEIREZ R LT-, [FRRIC, HAAET /L~ 7 A2 BPA-IL 285 L=, 7
RS 21TV, E OISR A RREFIIET 2 2 & CHlEEN R A iR L,

S.HERLEEBE

BHA A WK BPA-IL DG RRICAEN L, Do A F ARIKO R U FZEAFL L O EN
DI TR 2 & 2 fEd8 Uiz, 72, BPA-IL [ZIEFMIFIZ % L T, BPA-Fructose ISR (AT ™
0= O L EREORIAIE LTHOHNTWAD LY BIEKEMETH > 7228, T OEYEhEITe0
B0 % Z L aMER LTz, & 512, BPA-IL & 5-HE1E[A FH &0 (X% & T BPA-Fructose ik #x5-
B L FRIEOHUEG RN PRI CROND Z L 2R LIZ[2], Lo T, AFZETHS
AVIZHHIA A A RIRIEA T R e = L0 SEN - HH BPA JFITH 5 L im0 5,
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Improvement of solubility and thermal stability of membrane proteins in
hydrated ionic liquids while maintaining their structure
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Membrane proteins play an important role in life activities, and most drug discovery targets are
membrane proteins. However, problems such as difficulty in dissolution while maintaining structure and
stability have delayed research and development. Lipid bilayers provide a unique physiological
environment for membrane proteins and are essential for the proper folding and functioning of these
biomolecules. However, high light scattering hampers spectroscopic investigations. Here, we
demonstrated a class of amphiphilic liquids, hydrated ionic liquids, particularly, hydrated cholinium
dihydrogen phosphate, which enables the dissolution of membrane proteins, Teh A and
bacteriorhodopsin, while retaining their structural stability and functionality. In addition,
transmembrane proteins improved their thermodynamic stabilities by over 20 °C in hydrated ionic

liquids selecting a component ion and controlling the water content.

1. #E [Introduction]

5 2 X XA RIS B W CRICEEME D& WF — 7y b EBEZ LT D, AL
TORYFLNNEHE L, Fm, AT o7 B OB - BEHTEE L < . KIRIE~D%
FEVECZEMEIIR Y, BB L2 o R B R ZENT D7D VR Y — LM ET /7 4 A
7EPER SN TWD2, K0 BEICLECTRERTIENEEND, T E TIZ, 100°CLLT
[ZRRE AT B A A R DT 03 72K &2 U U TSRS 27 KA A iR 2 v T, K
BNES o X7 G D i R LTRIRD FRE T o 0 | IR ORRFLEME, BV
DRI NS TRIEIZ A B2 2 & 2 L TE 21, &2 TAFE T, 2 FEEHOME
Bl OME S X Ba S =y e LT, A U HEED R D KFNA A IR~ D VR
& IR DR, BVZTEMEIZOWTHIT 21T 072, S BITIRES o8 G O E 2 (R L72iE
fig & ZEMEDE EEIR UTaA oG 2 VT, EARRELELS TR LK FOREIZS
WTRRET LTz,
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2. EE& [Exper imental]
a7 ELT 10 BREBEMOT =4 F vy XN THIA 7NV FH
(Haemophilus influenzae) FEHET VIVERYGIHIE Z > /X7 & TehA & 7 [EIFEEGETL O S ERE)
Ta AR T E LTV —EWELT I NI T VA r K72 (bR) ZBEHICHE VR,
BRI L . AKFA A IR TIZIRE Uis, KFIA A RIS U T2 2 2 X T D
WEIZOWTH AP (CD) A7 M VHIE R L ORI (UV-Vis) A7 hVHIIE &
Tole, Fio, BRSGAEICB O THREZZL S ERB 5 AT MVHIEZITV, BVEME
RELREM L,

3. #E R L Z%[Results and Discussion]

BIRDA T MEENORDA T K, Frm—2B LT Y Ea—Llh T 0K iR
U CRREE U 72 KRR I TehA #iRE L C CD JIEEIT o7, ZDOFER, AKFn k Lova —
A X7k il cholinium dihydrogen phosphate ([ch][dhp]) " CHE &KL - (SR iEEAIA) & FELELD o ~
Uy 7 ARSI L CHML TN D 2

EERMBR LT, Kb —213 1 4 (a)
F&729 7K 30 43+, [ch][dhp]iX 50mM 7K
BWRB L1 A A _TIZx L 4, 7051
LD XK TE AR LKA A

IRARIZ TehA ZIEA& L, CD A7 kL = 32*\, o
0 208nm (ZF51T D SREEZA L B RIS R EM_X _ﬁf/,
OB ETT -7, BT OBEMR - \ S (b)

FE 64°CITRt LT, AR b e — 2Tl g
73°C & MR IE O bR ER S _ oeenontm
[ch][dhp] % & 55 Tl BRI 1S5 7k O (g™ e
BIC LK E S BB o T SMMAKHET |

. AT L IHER AR E TR 1 | 5 50 -
SRR D BN S Ao To, — Wens ol ©
KFIA A AT, BT R E & -to0 B —— 720

Temperature [°C]

BVEPEIREE O] LB S 4, 1A A
- - = Fig.1 (a) TehA structure (pbd ID: 3M71). (b) CD spectra of
VAN =1
T4 THTLERDEOWETHE, € TehA dissolved in gel filtration buffer and hydrated [ch][dhp]
LEI 91°C, 78°C & KiE 72 BV EME D[] with different water content. (c) Change in CD signal strength

at 208 nm depending on the temperature.
LaSHER SN (Figl) [2].
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Ionic Liquid and Ion Gel Interface as Cell Scaffolds
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Here, we propose that water-immiscible ionic liquids (ILs) and ion gels are a new family of cell
scaffold materials. Tetra alkyl phosphonium-based ILs have been found to be non-cytotoxic ILs,
whereon human mesenchymal stem cells (hMSCs) were successfully cultured. By exploiting
ILs dissolution capability, we fabricated an ion gel cell scaffold. This will enable us to further
identify the significant contribution not only of liquid interface but also of bulk subphase

mechanics to cellular mechano-sensing in liquid-based culture scaffold.

145 |
Aqueous phase

AR O i 2 55 T MR 28 134 ‘ (culture mESEEE
MBGIZIET 1)) OBFN KT DA
AT e — DS EFICBWTHER %
HEOTWD, IR & LBk clds
M, DORLRETHD Z EBMET, — KW

kPt bag
fonic Tiquid phase

27w FRIRIE, 2V a— A VEOIRAR (cell scaffold)
PEREDAAVEND, VEE, BABHDE ), 1T o 1T . I
DKM A7 4 = BFRA A L HERAL) R el O 'S
DRENC I TR B ATRETH D = & e 20 WG,
[P2,2,2,5][TFSI] [P4,4,4,1][TFSI] [P6,6,6,14][TFSI]

ZWE LI (Figl(), 27 A F =AYb Fig. 1 (a) A photograph and image of cell culture at a
Y hELTHBOND ILIE, HEIEB—F72457  hydrophobic ionic liquid (IL) and culture medium
FHERIR R L By  FEA IRk interface. (b) Chemical structure of hydrophobic non-
W% 52 5, /o, BEMECTH Y 7z OONphosphonium ILs

RO EMSEET S IL O | A A H

T, INETHHAN SN TE LS FHRIKL I —REB L% Y F v 7 REEZEMZ 525
ZEDNHIF S NS, AR TIEAR IL Fmic i) 2 HIRBIRE ORFE A | Ml 2 3R H i
0 [E (K E(PNL: Protein nanolayer) D # Al 72 Rt EREAi 2 HIF SV ITT D, S HITHTH
(XD, BSBHENCEM TRER T = U LRI EERENE IL DIRRE T4 7 F U iise, Y
Jel ~D J1 AR 2 7S 1) U 72 6 vl 2R R 2 A F L BT DR Y T D,
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2.RER. #BER. BF

ML RS E DBAHE IL T (6
% [P6,6,6,14][ TESI|(1L. 24 1 1% af,j: o
Fig.1(b)) A1 ([T 24 BFH
B o £ bR B A 5. *;;
(hMSCs) D BRI B 52 Wi 1 2 7~ y S
+(Fig.2(a)), [P6,6,6,14][TFSI]Ht £ S

AT 3BT DM X3 i
BLTHY, ZOMBEEIIT T
AZHER ETRE LI b OIZL
[ QOIS | B T b TR Y ]
DEMENS [P4,4,4,1][TFSI],
[P6,6,6,14][TFSI] f i C hMSCs
FHEL TS H OO - ‘ , : ‘
& & S &S &
[P2,2,2,5][TFSI] S 1 CTikiE & A «»‘§ Q\é o m‘«’\é w\é oS
EfREETHIE > TS & g"'y g"‘?ﬁ Qeﬁ’?\ g"y (2"‘?“ 'Sfo:o@
Wi s 7z (Fig. 2(b)). ALY Fig. 2 (a) Microscopic observation of human mesenchymal stem cells
T — A SR O R T (hMSCs) at [P6,6,6,14][TFSI] interface cultured after 24h. (b)
IR L. ARBEMER O R T Comparison of the circularity of hMSCs at IL interfaces and glass

ARIOI LTS 2 5. % i s o AL et . s et

Z CHIfaSE R L7 IL Ui nanoindentation. (d) A box plot of the diffusion coefficient of BSA

AT . ZhAREL particles 'at the IL interface of ILs e’stimated from the high-speed AFM

P IL O MRS R A LR observation. ***P < (.05 (Student’s ¢-test)

WCHB LT, T2 bbAR IL I

)L O TS TH D 7 UG T VT 2 L (BSA)KIEHE 2 il S W72 ik &2 TRk, ffass
FWF O IL FEBREL 2 et Uiz, S6EE5k L 72 BSA OW S EBR I X OVEIA R O AFM #2345
226 IL AEICE W TIKEE P DG S D & X ERERRE L, o x5
J A Y —(PNL)BIERENTND Z ERNbhrotz, T7b btk PNL o )2 EkME %
FILCREICHEE L, ZOEGFEHERL TWDZ ERlbhoto, & IL REIER ST
PNL O B oY v 7 FE2EFFHULEZEDA 150 kPa@[P2,2,2,5][TFSI]~45.9
kPa@[P6,6,6,14][TFSI|CTH V) . & D J)FRE I XAFE IL S O Al RE oMM & —E Lz
(Fig.2(c)). BE#RTIZ PNL O ZMMEIL, # o2 BOREAEMIC KR S, o, Fmsrt
D FEGWITBUKMER IR OB KT 5 2 E s S Tnd, Y—J, AEIHAWE IL O
PRV RIFREE (E7(30) = 45.5~47.4 kcal mol)) TH ¥, IL SRIZHFA D PNL JERE A B =X WP /R
SNtz, FZCIL REICEIT A PNLEKRO 7 1t 2 % & AFM 12 k- CEEEE L~
F & L C PNL JERREO BSA O L JEHUT IL #1512 X - TR & < £1b L(Fig. 2(d), D = 3.73 x
1012~1.71 x 10" cm? 1), D OEAMBITTZAL 4D PNL O S5 E RWFHBRICH o 72, FE
AT E IS TR LT = U LSRR IL ARG, Mia~o /)7 filiE N 4 &
LT HISEMEA A F OV T B TIRE T2 TETH D,
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Although ionic liquids are often called green solvents, most of them have toxicity and are not
biodegradable. They are thus not eco-friendly. Zwitterionic liquids are effective approach to avoid
toxicity, and they have potentials in various fields. On the other hand, biodegradability has not been
evaluated. In this study, we evaluated the biodegradability of zwitterionic liquids. We also tried to

develop the new phosphate-type zwitterionic liquids with biodegradability and biocompatibility.

1. #8

AT AAREDZL 1Z, SV EEERRD, ANREZ RS, RERICAF Y 20T
HIH S [Csmim]* B FA U PR E I, AME~OEBERBEINTSH "L A 4 U iRIKITE~
OB TEMMEDINTWD D, Bl - ANEONEIIEE Th b5, BEA 4 1kid,
A A AARROWREZ 7203, A BT 2067 FETH D °, — T TREA 4
DAL FRMIEITFHI S TR,

ARWFFETIL, BEFEDOMIEA A OBRBEFEM « A0 2 50h L, AWEat: - 4t a
BT D HHBNEA A IR DB 3 23 T,

2 {EREER

& HHRIV—=27

WA AL, BRI L CT =4 v, hF4y, AX—P—RICEbL T, KFEETH
D4 —HTEEORE SIFAEMHEIC L > TRESER D, A I ORERFEEZ T 5
7o, 21 FEHOME, BEEE AW CHEERA Y ) —=v T 5 fToT, T=4v, hF4r, A
R—P—F DR 13 FEHORPEA A & T, #5R B WA A4 U FEIZR D 5T,
/NS BRRLIRIREE 1L, B REEREE D 125, 250 uM LA ET7E o7z, BEA A 3 EMFE IR
T BEEREEE RS R 0T,

® B A A L HRARD A 3 i O FEAM
MEA A AFARTEH D OEimCsC (Fig. 1) 1 3EFMET __ o
B 1) A T DRSS, M - 2 <0 D NN~
) v RO No™~KNw o
HREERATA 7 & LTRIADR IR R S LTV D, ki, . .
o Fig. 1 Structure of OE2imC;C
OE,imC3;C D45 fi#1: %2 Closed bottle 1 Tl L 7=, F7/K
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FRICE G2 RS e o Te, A XV YD 0 10 20 30 40
DT F T TG IRER D & ST Day

R Fig. 2 Biodegradability of imidazolium
Do HEMIEEAT DX, A XYV T A syitterionic liquids

PIGND B FH B EFFOLENRND D,

®  ERMEINEA A AR D BR%E

ERYVEOLERYUZOAE [ . RO —  [NAORO
A AR, 53 TSI IRES 5 b oo ,
Dok, zoceay (N S N P
Vo AEOERY U= AR Scheme: top CipyrrCaP; bottom CipipCaP
AF O EBEEE Lz, U UVBBRBEA A NHMERER TH D Z ERHES N TV DD
NV VBT =FERAWD Z LI L, ARRIEER T 24 BSOS S /72 (Scheme), =i T
24 RIS ZAT o T2, VTN —T )V TCHRH ., R EED R 7o, 7T =4 0 R
1To72, 'HNMR ZHI7E L7cfER, EriofErn el I ni (Fig. 3), 5k, DR O,
BRI T 2 TETH D,

Fig. 3 '"H NMR spectra: left CpyrrCP; right: CipipCoP
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A new organic ion generator was developed using recurrent neural networks (RNN) and Monte Carlo
Tree Search (MCTS) to explore the new chemical space of ionic liquids (ILs). The process involves
training an RNN on 117,700,516 SMILES strings from PubChem, followed by MCTS guiding the RNN
to generate new, valid ion structures verified using RDKit. The generator produced millions of de novo
cations and anions. The chemical diversity was visualized using ECFP4 and UMAP. Further, ILs were
screened using a machine learning model pre-trained for cellulose solubility and evaluated via quantum
chemistry models. Some synthesized ILs validated these methods, though novel ILs remain challenging

to synthesize.

1. Introduction

Machine learning (ML), a subset of artificial intelligence, is transforming how we explore

chemical space. Unlike traditional methods, ML uses data to predict molecular properties, enabling high-
throughput virtual screening of large chemical libraries. ML also excels in de novo molecular generation,
creating entirely new molecules. Techniques like Generative Adversarial Networks (GANs), Bayesian
analysis, and recurrent neural networks (RNNs) with Monte Carlo tree search (MCTS) are advancing
this field, allowing researchers to generate novel molecules with desired properties efficiently. In the
context of ionic liquids (ILs), some studies performed, for example Kikkawa et al. [1] and Zhang et al.
[2], use fragment-based methods for generating ILs, but true de novo methods are lacking. Generated
ILs was subjected to screen for cellulose dissolution. Cellulose is most abundant biopolymer, unlocking
the full potential of cellulose often necessitates its dissolution as a pretreatment step.[3]
This work addresses these gaps by presenting an ML-driven workflow for discovering cellulose-
dissolving ILs. Using RNNs trained on existing ions and MCTS, millions of de novo ions were generated,
enabling exploration of new chemical space. Predictive ML models were developed for cellulose
solubility and melting points, leading to the discovery of promising IL candidates for cellulose
dissolution through high-throughput virtual screening.

2. Method

In the first stage of organic ion generation, an RNN was trained to generate complete
SMILES strings. The RNN was built using Keras 2.13.1 (https://github.com/keras-team/keras), with a
similar architecture to Ref.4 . The UCB score, which evaluates the merit of a node by considering both
its exploration and exploitation potential, was calculated using the UCB equation:
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(1)

Where, Rf°% denotes the cumulative reward accumulated by the current node, n; is the number of
visits for the current node, and N denotes the number of visits for the parent node of the current node.
Comprehensive datasets were assembled to develop predictive ML models for cellulose solubility and
melting point prediction. For cellulose solubility, 674 experimental data points and 2276 data points for
melting points was collected from literature. To validate the results obtained from high-throughput
virtual screening, we employed the COSMO-RS in predicting cellulose solubilities in ILs by calculating

the logarithmic activity coefficients (Iny).

3. Results and Discussion

A new organic ion generator was developed | “ho_. . ‘;j\‘ a, ° . “ rf""j SnN §
using Recurrent Neural Networks (RNN) and AR AnY ° e
Monte Carlo Tree Search (MCTS) to explore | <=, =~ </ d% Lt
the chemical space of ionic liquids (ILs). First, [,;;n;,ng/:j/ ° [ﬁ: ¢ ';/N::j A";\TA\ g
a large dataset of 117 million molecular | ~° o T
SMILES strings was filtered, resulting in e ™ - Y,
s , 5o eSS S U e
datasets of organic cations and anions. The i \ : ’
RNN was trained on these datasets to learn | < = w7 ofo o I 4 o i B
patterns and generate de novo ion structures. | fw. o e igi e
.

However, since RNN-generated strings can
be invalid, the MCTS was used to guide the Figl: Structures of randomly selected generated cations(c) and

anions (a).

process. MCTS grows a search tree and

selects nodes with the highest confidence,
expanding them with RNN-predicted symbols.
A virtual library of billions of potential IL
candidates was created. Two predictive models
were developed for cellulose solubility and IL
melting points, allowing for high-throughput
screening of these candidates. The results were
the COSMO-RS model,
confirming the workflow's accuracy. However,

validated using

limitations include the lack of focus on

synthesizability and the structural similarity of
the identified ILs due to a limited training set.
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Fig2: (a) Accuracy of the ANN model for cellulose
dissolution (b) SHAP (c) Accuracy of the RF regression

of existing ILs were performed and cellulose dissolution experiment were performed to validate the

predictive model’s accuracy.
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Ionic Liquid-Catalyzed Transesterification of Cellulose in a Twin-Screw
Extruder
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Ionic liquids (ILs) are transforming cellulose chemistry by enabling more sustainable processing. Acting
both as solvents and catalysts, ILs offer advantages over traditional methods for cellulose dissolution
and modification. This study examines microcrystalline cellulose transesterification using 1-Ethyl-3-
methylimidazolium acetate (EmimOAc) in a continuous extrusion process. We achieved up to 100%
efficiency in cellulose ester synthesis, with high cellulose concentrations (10 - 20 wt%) and rapid
modification within minutes, without depolymerization. By adjusting the reagent amounts, we precisely
controlled the degree of substitution. This scalable, eco-friendly approach using EmimOAc provides a
promising path for converting biomass into valuable chemicals, advancing green chemistry.

1. Introduction

Ionic liquids (ILs) have emerged as effective solvents for cellulose, addressing the limitations of
traditional solvents'. Their capacity to dissolve cellulose under mild conditions and catalyze reactions
in one step minimizes the need for harsh reagents. Notably, 1-ethyl-3-methylimidazolium acetate
(EmimOAc) serves as both solvent and catalyst, facilitating efficient cellulose modification®.

ILs enhance reaction efficiency and allow precise control over parameters like the degree of substitution
(DS), which is vital for tailoring cellulose derivatives. Their integration into scalable processes, such as
reactive extrusion (REX), offers significant potential for advancing sustainable, waste-reducing
strategies in cellulose chemistry, making them relevant for academic research and industrial applications.
We report an efficient method for microcrystalline cellulose (MCC) transesterification using
EmimOAc/DMSO via reactive extrusion, achieving high DS and reaction efficiency (RE) with
equimolar reagent amounts. The Environmental factor (E-factor) was employed to evaluate the
sustainability of our reaction.

2. Experimental

For cellulose dissolution, MCC powder (Avicel® PH-101) was fed into the extruder using a volumetric

screw feeder, while the EmimOAc/DMSO (1/3 g/g) mixture was pumped through Port 1 (P1) via a
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volumetric pump (Fig. 1). Temperature, screw speed, and feed rate were varied. FesO4 was added as a
tracer for residence time measurements in the extruder. For transesterification using a twin-screw
extruder, acylating agents (2-3 eq./Anhydroglucose unit) were introduced via P2 (or P3). MCC
concentrations (10, 15, 20 wt%) were tested, with fixed parameters (6 - 30 g/min feed rate, 60 rpm screw

speed, 80°C). The extruded cellulose esters were dispersed in methanol, filtered, washed, and analyzed.

« Continuous one step process

Tt»\»ﬁ?* T e Various chain length + Fast reaction kinetics
Microcrystalline || EmimOAc/DMSO Acylating agents « High reaction efficiency
cellulose 1/3 (g/g) + Precise DS control

Port 1 P2 P3 Head

‘= )

=

Product

fomm 120mm 150mm Tomm somm | Extruded

Temm material MeOH Product
Screw speed: 60 rpm
Temperature: 80 °C

Feed rate: 6 - 30 g/min
Figure 1. Reactive extrusion process of IL catalyzed transesterification of cellulose.
3. Results and Discussion
The combination of EmimOAc's strong dissolution power and the mechanical shear in the twin-screw
extruder allowed for rapid dissolution of MCC, taking only 1-2 minutes. We found that 10 wt% and 15
wt% MCC were fully dissolved, while 20 wt% was partially dissolved. This efficiency is higher than in
batch processing, where high concentrations (>5 wt%) are difficult to handle due to increased viscosity.
In contrast, the extruder can process higher concentrations without being limited by viscosity.
Following MCC dissolution, transesterification was carried out in the extruder, with cellulose laurate
(CL) synthesized continuously at a high efficiency (83-89%). We estimate the CL product yield to be
13.5 kg/day. EmimOAc was successfully recovered and reused, maintaining its catalytic activity.
Additionally, we synthesized two types of mixed-esters using this process. First, commercially valuable
cellulose acetate propionate was produced in a single step, achieving high conversion rates for both
acetate (71 = 2%) and propionate (100 + 6%) groups without causing depolymerization. Lastly, we
synthesized a mixed ester containing both short (acetate) and long (decanoate) alkyl chains using REX.
For the first time, we demonstrated precise control over the degree of substitution (DS), reaching up to
100% of RE, by adjusting the amount of acylating agents and injection ports. The resulting samples also
exhibited intriguing thermal properties. The E-factor of our process ranged from 0.6 to 3.5, significantly
lower than other reported methods®. This was achieved by using high cellulose concentrations and
equimolar reagent amounts, with solvent recycling further reducing waste, making the process more

environmentally friendly.
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One-pot ethanol production is an effective method for efficient cellulosic bioethanol production.
Although ionic liquids can dissolve cellulose, they are not suitable for one-pot ethanol
fermentation due to their high toxicity to ethanol-fermentative microorganisms. Therefore, our
laboratory developed carboxylate-type zwitterions as low-toxicity cellulose solvents. However,
almost all carboxylate-type zwitterions have problems such as high synthesis energy cost, low
atom economy, high melting point and solid at room temperature, and low thermal stability. The
properties required of the new zwitterion are the ability to solve these problems. The new
imidazolium/phosphate-type zwitterion synthesized in this study developed and could satisfy all

of these properties.

1. Introduction
NAF =X ) — )b

[\ E \ // [\ o___0
™ + e
mjzﬁa@ \CAEFET D NNt N T
72T 1 DOREs 1-methyl 2-ethoxy-1,3,2- CiimGC,P

imidazole dioxaphospholane 2-oxide

NTEILE— R
fiF . /K53 f#, %&l%%  Scheme 1. Synthesis of C1imC,P.

FRFIZITO U Ry

h=& ) —VBEEBENENRFEROOESDTH D, A A VRIEE &< DL — AR
BT BEERAE D It L CatE 2 3208, RIFSEE TR SN VLR kR
zwitterion (XL 1 — A ZIRE L. BIEMEW, V2D T2, BILIR R zwitterion 11,
Uy hxmZ ) —NHERBEEZRRT DA REMEEZHO TS, L, WVR iR
zwitterion [IEVZEMEME S . FIR TITRIKIC R D TR W EWI REDRH D, £
ZTC, VUBBRA T IRIRIZHER Ulc, MEIZY UERRA A HRIRITENZ EME DS = < Rl
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MBMEWEHEINTWD, 228D, U UEER zwitterion THAVIE Z 115 ORIE % fif
WTEDIERBHERE AT —AFEITRD 5 20 TIERWNEZRT, £, A XXV
7 LY RS zwitterion (345 F TICEK S NI Z & 7e, £ 2 TARMIETIE, 41 IF
VU o LY UEESR zwitterion  (CiimCoP)  (Scheme 1) & &k L7z,

2. Results and Discussion
CimGCoP (X, 1-AF A I XV — )Lk 22 FFX -1 32-UA XY RART  2-FF
REMIGEE D Z & THRKTE 2 (Scheme 1), & B2, Bix USSR M 2K 2 TAHIK
EiTolob 2 A, ERERSEMEE, A IV =V ERART VOENLN 2:1 12705
EOWCHEL, EEEET27 C, BFHGSEDLZ & Tholz, 70, ZORFOIE
1 33%72 5 72, RIT CiimCoP OBV RRE & v b — AVEfRRE . BtE2IE L, BETF
D1V R zwitterion D H O & bl L7= (Table 1), EAEEDHT (TG) & NMR % H
UWTHIE L 72 CimCaP D3R SIXZ I E I VAR R zwitterion D D & i L C
Mole, TE Y. zwitterion (2 Y U FRIEAE AT 5 T L T zwitterion DENE EM: % i
T& 72, CimCP OH T AR SI1E-5 CTH Y | ERERERII RIS 572 h3, HEgE
BULFHETHIETHDL Z 0, BUIEERU T THD EEZOND, B n—REfE
RBEZHRIZE ZAH, AWt% DT B vV EEMET 5 2 & T&E/-(Table 1), H&#%IZ. CiimC,P
O 2 R, FEOIEEEIZ Relative ODeoo DIEZ FAWVTE Y . Z OB EWVIE
& zwitterion D MRV Z & Z7RT, CiimCoP X /LR ViR zwitterion & XX [F)EE D
Relative ODgoo 27~ L. IKFMETHD Z ENgmnoTz,

Table 1. Thermal stability, cellulose solubility and toxicity of zwitterions.

o o o o Cellulose Relative OD
Zwitterion T, T,(C)  Ta16 (0) Toxam () (pitivy (wt. %) in0.5M ZI [
C,imC,C 144 (T,) 185 a b a
C,imC,C 220 (7)) 197 120 b 0.83
OE,imC,C 85 (T 165 90 4e a
OE,imC;C  -61 (7)), 64 (Ty,) 186 120 69, 10¢ 0.64
C,imC,P -5(Ty) 267 140 4e 0.77

a: not measured b : Solid ¢ : Added 50 wt% DMSO to OE,imC,Cd : Cellulose was dissolved at 100 °C. e : Cellulose was dissolved at 120 °C.

3. Conclusion

A XXV L) UEEFR zwitterion TH D CiimCo,P ZE KT 72, F72. CimGCyP IX
BRI 7 Bz, BAVEEMENE L . BIRCIRIETH 2 IEFEM Lo — R REETH -
776
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We investigated the elastic properties of the tetra-poly(ethylene glycol) (TetraPEG) ion gels, i.e.,
TetraPEG networks swollen with imidazolium- and pyrrolidinium-based ionic liquids (ILs). We
measured the shear moduli (G) of the TetraPEG ion gels with varying temperature to separate the
experimental G into its entropy and energy contributions (Gs and G, respectively). We found that (1)
the TetraPEG ion gels exhibited “negative Gz in both imidazolium- and pyrrolidinium-based ILs, as
well as TetraPEG hydrogel system, and (2) the negative Gr in the imidazolium system is greater than
that in the pyrrolidinium system, due to the formation of hydrogen bonding between imidazolium cation
and PEG. Furthermore, we investigated the Li salt effect on the gel elasticity to discuss the relationship
between G and Li+-PEG complexation.

1.#E

A F IR (IL) &y B A b e A 4o FOVEMEIL, mWEW - BXUbFE
BEMEEA A N EMEFEZDHH Y 7 h~T7 U7V E L THEBEZEDTEY, Hf -
S O W 7> HIE S < AFFERED TS, Fox OWFFEZ —T7 Tl RS KRImA 72 D
2HEOMSIER Y =F L 7Y a—)L (TetraPEG) % Li i34 IL BAFK ISV TE WAL
NRCTTNMME LTS —HBEA T TNV OERUITHEII L TE Y | JIFRELE R RS
HET A AHEMRE L L TOMEMSEEZ#E LT D VY, Filf, TetraPEG /A R sL
RIZBWT, PEG $HE K FOEIEM (&5 FIsiEm) 27 VO SR HEIC BV TARER)
R E RS (Ao X—iiiE) ZERARE I Y, £ TARIIE T, IL 2R
& D TetraPEG A A v 7V xtg L LT, ZLVOMIERICRIETHEEMBE, 5, IL 7T
O REAFE A BRI~ T, S BT, Li \EAA A IO T b 2170, Li'-
PEG $EER S =RIZ 52 D& E &b LT,
2. E8&

1-ethyl-3-methylimidazolium  bis(trifluoromethanesulfonyl)amide ¥ X Y  N-Methyl-N-
propylpyrrolidinium bis(trifluoromethanesulfonyl)amide (:[ComIm][TFSA]# & UN[MPPry][TFSA])
BIREEE LCTRINL, v LA X F(MA)B LT A —/(-SH)KNiz A7 5 TetraPEG (W54
B, My=20000 gmol") DRMGARZAZEEZ TS HE, LA A—F—¥EDa— 7L —F ETH
7 A UT, PR ORFERAFMERE (A 1 Hz) ICED 7 AU D58 T Z ffgad LTzt
R EEHEDH 268 K328 K (24510 D PEaR (AREIRENE) Z2HE L7, B oo L
A A RT3 2 Z & T br E—iitk (G) BRIz AF—iit: (G) ZREL. £
D IL 73 F A AREAFER SOV L SR (cw) AFMEZ &R L7, 72, Linear PEG/IL {8

(BT VR) TR L CRFF O FEN MDYy 2 = L—3 3 A& EfE L, PEG 88E 0 Ol
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Frtt e 2 54l L 72,
. HRLER

MR E) O RFEMK MR EIZ KV TetraPEG A 150 4
F v (p"\%/;;%f“ 5wt%) D7 IALIERE A B
L 72 & 2 A [CmIm][TFSA] & £ OO0 & 10F §
[MPPry][TFSA]% & & IZHPEBEMER(G) L LM G

PER(GDAZFER (TIVLR) DR TE, &6 é 5r 1
725 BOGKE IO GiE— Bl A=~ Lo, Z Ok g 0
HULW IL AT TetraPEG 7MY —72 /0 FH ZE 5
Ejﬁ'@—}é £ %Tnﬁ LTs D H%Fﬁ \ﬁq: UV-vis A= E -5 o 5 wt% TetraPEG/[ComIm][TFSA]
7 MVIZ L VIRE LTEZEER (595%) & —F L o 5 wt% TetraPEG/MPPry][TFSA]
T2o MR IERRERTE TR DA A v 7 ATk L Chil 10 N | 1

0 100 200 300

MEROIBERGFMEER (Fig. 1) 21TV, G, (%)
BXOG: WhRH) 28 LTz, TORER, 434
VITDARBIOERY =T AREBIZAD

Temperature T /K

Fig. 1 (a) Temperature dependence of the

TR LX — WM ARG 2 L N4y A o = shearmoduli obtained for 5 wt% TetraPEG
([C;mIm][TFSA] : —2.6 kPa. [MPPry][TFSA]: -0.8 ion gels with [ComIm][TFSA] and

kPa), MD 3 = L—3 = A2k v PEG JA Y o IMPPIYIITESAL

BRI E BEO MRS LCERELEES

A, (1)PEG (O Ji-¥) JAVITIEZIL 71 F A Ay il o Gs

HICHIEAERT 5 Z &, (2)Cmlm B FF 13 A ® Ge
5 Y 7 KO C2,C3,CALD HFFI2 L0 PEG o 10"

LKFREAEET 5 OIS LT, MPPy B F 4 % -

VIR RN AEEAOERIZR 5T, PEG & O = o o

NOAF A PR OBRERH N LB 0> &

oo JATHIZEIC L D &\ TetraPEG /A K/ LT O——o o o

B S5 B O LR —BE (-4kPa) D4y THE .°

X PEG-/K > - DAKRFREETER (BT « I -5t ‘ ‘ ‘ ‘

PO KBRS A SO [2H D, Z ORI 0 02 0;‘ /M°-6 08 1.0

Li

FEROAF VIRERTOERBEEREL L —HKLT
BY., KEFHEREAT D Cmlm U FF 1%
MPPry 1 FF (BEWAD F A N L 5HEE

Fig. 2 Entropy elasticity (Gs) and energy
elasticity (Gg) values at various cti.

MEEROR) L0 b REBRADZFNF -2 EHST L5 LR TED (‘:%%_ E%LZD

LiTFSA/[ComIm][TFSA B % /7 AL, L 7= TetraPEG A 4 > 7 )V EMRE I
BEGAED ekt % Fig. 2 17T, K eu iR (<02M) Tix
ZHRLTei>02M Tl GsBLUGe & BT
ZIWH L7z, Li 283 2% &, PEG J& Y OMAIER I

TN, GelImozEh 2~ Uiz, Ziul
EDEZETR L, Gsld~5 kPa, GelX 01

N CLleE'jJﬂ H:l/\ Gl 3 HL

ComIm' 7' h v & DKFEREEND, Li A AN LD EMAIER (Li'-Opee $5IZRR) (21E
XD D, TN cui BEINZHED Ge O¥IMEBEHACHBE L TV, 2T CmIm ™2 Li A 4
VEBEHMDLEE G02M) TGelE 0WCINKR L ERB ST,

4. References

1) Ishikawa et al., Phys. Chem. Chem. Phys, 23, 16966-16972 (2021).
1282 (2020).  3) Yoshikawa et al., Phys. Rev. X, 11, 011045 (2021).

2) Matsuura et al., Acs Appl. Polym. Mater, 2, 1276-

72



2BO06

Poly(ionic liquid)s-in-Salt Electrolytes: Understanding Complex Ion
Coordination Structures and Their Correlation with Li-Ion Transport
Mechanisms

(KB K% !, Deakin University?, A#iz[E 37 K%~ 3, Oak Ridge National Laboratory*)
Ourik 1E5] 123 Ivan Popov*, Luke A. O’Dell?, EBf Fnide 3, JE 155 °, Alexei P. Sokolov?,
Maria Forsyth?, Fangfang Chen?

kondou.shinji.es@osaka-u.ac.jp
We have developed a stable poly(ionic liquid)s-in-salt system with an unprecedented high Li-
salt content by employing a strategy that uses polycations with mixed and asymmetric anions
(i.e., FSI and FTFSI). Our research elucidates the ion-ion coordination structure,
coupled/decoupled ion transport, and changes in polymer glass transition temperature (7) over

this high salt concentration range, and the transport mechanisms involved.

1.#E

D TICEIRED Y F U ML) 2 F87E S 5 F T 5L 5 “polymer-in-salt” D&, 1993
fEIZ Angell HITX o TIRE S, E0FO BN R(T, DIR ) & maF#HOE 7 A B
HEH)7)  Decoupling T2 EA A REEME L L THHENTELNLTWD, £, FRFHIC
B DX, BT oA F VRIKREREL LI A 40 2 RIS TIRE L T 52,
DIBE, Z OBE&ITH A 2@ 0 1R CREE ST E 72, HIREEICAE O B R Re g & D21k
&4ﬁ/%L®%M¢_owfiw%&LTK%W&ﬁﬁgw

T4, Forsyth 77 /L—7"Cld poly(ionic liquid)s % &4 1~ U » 7 ZIZ V7= poly(ionic
liquid)s-in-salt” & % (Z ., 73 FEN ) 1FMD) > 2 = L—3 3 U BENT L7277 =4 > OBk RE
(ZHED X A A A FEE O 21T > T\ 5 (Fig. 1)P), Polycation |Z Li 2 #A{bd 5L, 7
=AW Lit ¥ polycation $51ZALAL T2 IEEAIHE1E(Type ) Z JZEL L. polycation unit: Li*®
HF AN 12 LR DT Type U DN RRERDHZ EER LTI, ZOHETA
FARERNERE DTN, MR ENEA A BEORBUCEHE THDH Z & 2R
LTW5b, —J7, EITEBEE CIXT =4 22 Lir O ARIZENL U 7= BEEREE (Typelll) D LR
VEINS 275, SEEROFR TIE Li fORESEAE T D720, FBRAVRIGEEZAT Z TV,

UL EDOEZ BRI TIL, FERFRT =4 KT =4 OIRENFIZE D . ORI b

%Tfﬂﬁ?”?‘—%) Z & T, FEBRAYITH 0T o T IR EE B (~polycation : Li'=1:8, cLi = 90 mol%)

B DA A U EAAEE DOZEA(Type T > TDIFE D A A k@& ZHOA A A8 KD
T%Efﬁ%[]ﬁ#'aﬁﬁ%gé%ﬁé/‘j R 5 2 & Tgam L 72,

o @
-@@®@
®o®

polycation—anion—polycation  polycation—anion-Li* co-coordination  anion-Li* aggregates

Fig. 1 Schematic diagram showing the three distinct anion coordination states (type I~III).
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2. RER

Poly(ionic liquid)s (213 polydiallyldimethylammonium r
bis(fluorosulfonyl) imide (PDADMA FSI, M, =500kDa), Li w ) X o -6
YE1Z1E lithium (fluorosulfonyl) (trifluoromethanesulfonyl) /*\ ,C‘:‘S’N‘ é? F’\“‘%\’N\;,é“cp
imide (LiFTFSI) & H\ 7= (Fig. 2), A7 h=1V F7W A4°F Y 3
NV THIRS 74, BZEMBMC X 0 | Wiz iy | PDADMAFSI LIFTFSI

Pr< FHTEMEZIER LT, A A A8 OMEMEF#IX,  Fig. 2 Chemical structure of
Au F 17 i L % PO 7o 7 AR A E (8 B keape.  PDADMAFSIand LiFTFSL
102~10° Hz)IZ X 0 3l L, R O EEFIFREEIT Rheometer 2 T, FUEINE KN O — &
D7 - C A O E (B BGIA: 107'~10%rad s 24T 5 Z & TRl L 72,
S HRLEBE

SEATAFSE D PDADMAFSI : LiFSI @ FSI 7 =4 > Bi—RAPIClX, polycation unit : Li*=1:2 (by
cation mole)Z # 2. D =& Thfe b DR S N7z DITxt L, K#ESLTME FTFSI & FSI 7 =4 > ®
BADRIZED 1.8 DHRIZBWTHLTENLT 7 AREEZ RO Z L3 yh - T=(Fig. 3a), 7 =
A v DBENAEE % A A 2 OB A BE(RDF) TR 5415 B — 7 (i (kA A v & OirsEiE
BE) 7> & T BT A AT o 7o A5 R Li SR E OB 122 T 95%D 7 = L A3 JLEdfir
W& (Type N Z AT 5 —77, 1:8 TIEWN 41 % EEEREE(Typel)) TH D Z & N7z,

Fig. 3b (Z Li #5#2 % (polycation unit : Li'*=1:1, 1:2, I:8)IZFE 5 B DA A AR & SRR FnRg
[ DR (£ % 7R 9-(AiT+4 1 X Random Barrier Model % 3 FH L AC-DC fEI73 crossover 3~ 5 J&
W, %EIL G (0)-G”(0)7° crossover T 2 AN O EEINZHIE S > 7B, 1:1 206 1:2 th
ORI Tl HEEREFRFRIZ AT LT, A ARERR R R 23X a9IZ /N & < 72 % Decoupling
EEMARONIZ, NZT 12 TR, 7 =42 OB E(Type AR F O@BBHEUL - 7Y
{BIZWRMINC TG L, T AEBIRE (T3 MEZ RT Z & T, A A U sERPBK E 70D
ZEDUREE T, ® LT, 18 TR OREFIRER 2NF X R — DOEZ 7~ 3 Coupling Z5H)
DR, ZORERTOA T AEIL, EEICKYEEE EO D Li-T =4 > OhetetE
& (Type I FEI AN T OREEREANCHABI T % &£ B2 S, Li fEBAR(LIFTFSD T, 1Zr25< K9
(ZHEINT D206 > T, A A UEROEKTLBI STz, FERY AT, EHEH Z2 HREICA
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Fig. 3 (a) DSC thermograms and (b) temperature dependencies of structural relaxation time and
conductivity relaxation time of different polycation unit/LiFTFSI systems.
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Thermal Properties and Photoreactivity of
Organometallic Ionic Plastic Crystals with Cyanoborate Anions

Ryota Inoue!, Koshino Haruka!, Tomoyuki Mochida'*
'Department of Chemistry, Graduate School of Science, Kobe University

2Rsearch Center for Membrane and Film Technology, Kobe University

tmochida@platinum.kobe-u.ac.jp

Ionic plastic crystals (IPCs) are typically quaternary ammonium salts with fluorinated anions, but we
have developed IPCs containing cationic sandwich complexes with various anions. In this study, we
synthesized IPCs with cyanoborate anions and investigated their thermal properties and crystal
structures. The phase transition temperatures to the IPC phase were found to decrease as the anion
volume decreased, and some exhibited the IPC phase near room temperature. Additionally, we studied

the photoreactivity of these salts.
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Fig. 2. Phase sequences of [1]X (X = BMe(CN)s,
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asterisks represent plastic phases.
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Fig. 3. Photochemical reaction of [1]BF(CN)s.
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20% of the world's total energy consumption is due to friction. In addition, wear lead to
unexpected breakdowns and decrease in reliability. In the field of space equipment and
semiconductors, high friction and wear properties are required in vacuum condition. This
investigation focused on the ionic liquids as new lubricant oil against vacuum oil. Trihexyl
(tetradecyl) phosphanium dicyanamide [Ps,6,14][DCN] and tributyl(methyl)ammonium
dicyanamide [N14.44][DCN] were used as vacuum lubricant against stainless steel. Both ionic
liquids exhibited lower friction coefficient as compared with multiply-alkylated
cyclopentanes (MAC], which is conventional vacuum lubricant. In addition, ionic liquids
showed less than a quarter of the wear area of MAC. Based on the results of the surface
analysis, the ionic liquids showed good friction and wear properties by adsorption layer of

cation and anion.

1.%5

NI AR U=, B OFEHEBIRFCR AT BB EIM OO FRITH D, B
VAT BBV TE, RS U7 REE CHxER 2 RMER K SRABE A Z Y, T
RF FEAET HEEBRIC L 2 =3V F—HRIFIEF IR E L MR F OB LT —HEED 20%
IFEBICERT 5, £, BERmIIRAIEREZ L T0E B AT 20HEmE x5,
Flo, THIRLQEREICIVHERAE b70d, 22T, BREMESDOT, BEERELZN
#9572z, #7E (Lubrication) . #%#t (Design). B4t (Material) 7> ARk <415 LuDeMa
(BT D ENBE R N EEA STV D,

BE, HARDPEE L HT-I28] 2B 08 & L COMEFH OB ER SRR T o5,
IO, BENOEWEIEMEZ R I2EN LI CTh 573, HERAXITIEZEREE
ERY | BB RS L 70 D, FHEEIRBW L, 2T D I v va ISR, RS
MEFENE, 2 L Tr N2 MECENTEEADAMLE DTH 5, HERSEIZIB W TE, #05
A S MM O A ERFRE & 7o TV D, L LR D, BEfFOBEZE M
HIZBEWTIE, ZNOOEEZENRT D Z EDREE LV E 72> TWnD, £ 2T, AWFZEIC
BOTIE, BERICBWTHET L 2L REBRKETHFET LI ENTI DA A K
RIZHER L, BZEHEHSICBTEE « B2 51 L 7=,
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AT BT, A A RIEROHTHELEMICEN., BMEEZ R T T =32 (75
VT RA A UURIKRIZAE B L. trihexyl(tetradecyl)phosphanium dicyanamide [Peg6.14][DCN] &
tributyl(methyl)ammonium dicyanamide [N 444][DCN] % 7=, bl & LT, B2
T % Multiply-alkylated cyclopentanes [MAC]% HV o, BEEREERERRBRIIA — VAT 4 X7
ORISR 2 e, 74 A7 8B (¢ 24mm, t7.9mm) & AR—LaBRA (¢
4mm) 3L SUS440C & M7z, SBREIFICH W TIE, fiTE 3.5N ([HiE 1.3GPa) . FFHXUE
7)5.0X10%Pa, fHEHE S2mnys, iR, FHERR] 120 5y & L7z, BEEGRBRTR T, L —¥ —BH
BRI I T A — AR D BEFEIR LS 2 3l L 72,

S HERLEEBR

L&, BRI TR S 0MICB T 2 BEEMREOVETH D, BEFOEZEHIMEEH &
LTSI TWD MAC IZBWTIE, BEREITR 0.1 ThoTe, —H T, 7/ RAF
TRIRIZRB T, BEEBIRELAY 0.06~0.07 T2 & MAC LV bW EEBIKERN R 2 RE L2, %
7o X 2 13— VAERER  DEEFEE B A R LCE Y P UL T OBRREER L 78> T D,
DT, FEFEHEIL 4 0D 1 LT THY, mOMEENEZ R LI Z E3bhD, BEEHR
BT A A7 KRB LT, X MABEBTONREZToTLE A AT VEREOI T AU B L
W7 =F 2 EBZLND AT MAPEIENTICHRE SN Z 06, A 4 RIEDERE
THZ LT, BAFREEE - BEREFRE AR LIZEBEZ DD,

AR RICB N T, ORI DN & AW ERCR R DO A 4 kIR Z2 T fE R
HLOFECTRET D,
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Enhancement of CO; Absorption by Counter Ionic Liquid Electrospray
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Electrospray is one of the atomization techniques by applying a high voltage between the nozzle and a
counter electrode. To enhance CO; absorption by ionic liquid electrospray (ILE), the counter-ILE is
proposed in this study. Through the visualization of the spray and droplet size distribution measurement,
it was found that finer droplet is generated by counter-ILE configuration resulting in a higher CO,
absorption efficiency.
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Fig.2 Images of electrospray of (a) single and (b) twin nozzle. Fig.3 Droplet diameter distribution.
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Gibbs phase rule?
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Complicated phase transitions were observed in a single-component 1-decyl-3-
methylimidazolium nitrate ([C1omim][NO3]) ionic liquid (IL) using Raman spectroscopy and
synchrotron small- and wide-angle X-ray scattering (SWAXS). Time-resolved synchrotron
SWAXS could distinguish the phase transitions depending on the cooling rate. Low-Q peaks
representing a few kinds of layered structures were decomposed. Multiphase coexistence was
observed in [C1omim][NO3] at specific cooling rates (8—9 K/min). lonic liquid crystals (ILCs),
hybrid-layered crystals, hexagonal close-packed structures coexisted simultaneously. At the

cooling-rate region, the reentrant phase transition of the ILC phase upon heating was observed.

1. Introduction

Multiphase coexistence in a single-component system was simulated using a generalized Gibbs phase
rule [1]. The generalized Gibbs phase rule supports the possibility four-phase coexistence, where a
multiphase coexistence point (MCP) appeared in the phase diagrams. The generalized Gibbs phase rule
was applied to the two-component system [2].

Ionic liquids (ILs) indicated complicated phase behaviors, where a representative cation is 1-alkyl-3-
methylimidazolium, [C,mim]*. For instance, phase transitions of [C;omim][NO;] were examined both
at low temperature and high pressure [3]. Further, by changing cooling rates, a quasiequilibrium state
(5-9 K/min) appeared in [Ciomim][NOs] [4]. In this study, using the synchrotron small- and wide-angle
X-ray scattering (SWAXS), the multiphase coexistence in [Cijomim][NOs] was observed at the specific
cooling rate. A significant finding is that the multiphase coexistence was induced even in a single-

component system.

2. Experimental

Synchrotron SWAXS using a high-speed spinner was performed on the BL-8B beamline of the Photon
Factory at KEK in Japan. The cooling system used was GN2-SN (Rigaku Co.). Time resolved SWAXS
experiments were feasible using PILATUS3 S 1M (DECTRIS Ltd.), where the pixel size was 172 um X

172 um, and the detector areca was 168.7 mm % 179.4 mm.
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3. Results and Discussion

The complicated phase transitions were
observed at 8 K/min as a quasiequilibrium
state (Figs. 1(a) and 1(b)) [5]. Three steps

b)

of the SWAXS pattern changes were ‘!; t% . /‘ ’\‘ | P
detected upon cooling. As the first step, a G /’ [' _g Fi }j’ Ll | E g
broad prepeak change to a sharp Bragg fé / ; é 55 ;' f‘ é
reflection of an ionic liquid crystal (ILC) = M'r //{ : ~ ;/ //j H
phase. Subsequently, the hybrid-layered ‘,‘}///‘/T‘T/ ;f/,// //\

crystal (C) and hexagonal close-packed
(hep) phases appeared step by step. The

three steps of the phase transitions

corresponded to three exothermal peaks 2) HE
on the differential scanning calorimetry [4]. On the other _/_\ [L | 2Kmh O
hand, upon heating, a reentrant phase transition of the “ :b)“,»“'\"x‘.‘ i »
ILC phase was realized upon heating at 8 K/min (Fig. 5 R~ ""‘q\ﬁ-fﬁ-,ig,fi",,ff'lﬁv“«.-.,%
1(b)). £° W o]
Figs. 2(a)-2(f) reveal the SWAXS patterns at the é) 7;)‘ : b=t S — E
minimum temperature (Tmin = 150 K), depending on the g L gt Skmls.
cooling rates. At 2 K/min (an equilibrium state), only 5—»:' e) /'ﬂ\ o
hybrid-layered C was formed (Fig. 2(a)) [3]. In addition = -—fr/~"7"—»—o—s-¥“'—“'/“-\¥
to the hybrid-layered C, the Bragg reflection of the ILC 0 /"‘”‘\\ 15 K/min

phase was superimposed on the SWAXS pattern at 5
K/min (Fig. 2(b)). A mentioned earlier, at least, three
phases (ILC, hybrid-layered C, and hep) were induced at
8—9 K/min as a quasiequilibrium state. At 15 K/min (a
nonequilibrium state), the distorted ILC phase appeared,

although other phases were suppressed completely.

Fig. 1. SWAXS patterns at 8 K/min upon (a) cooling
and (b) heating.

Fig.

10'
0 /nm™

2. SWAXS patterns at 150 K
with cooling rates of (a) 2
K/min, (b) 5 K/min, (c¢) 8
K/min, (d) 9 K/min, (e) 10
K/min, and (f) 15 K/min.

Time-resolved synchrotron radiation experiments can extract the complicated phase transitions of

[Ciomim][NOs] particularly at 8—9 K/min. The multiphase coexistence at 8 and 9 K/min was located in

the vicinity of the MCP.
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Although a number of unique properties are recognized, solubility of ionic liquids is decided by the
choice of cation and anion, and thus it is usually not easy to change their solubility by simple chemical
or physical treatment. Here we suggest a new methodology to control solubility of ionic liquids using
the chemistry of protective groups and we achieved controlling solubility properties of ionic liquids by
simple and mild chemical reactions. In this presentation, we will discuss the chemistry of solubility-

switchable ionic liquids

1. #E [Introduction]

A A RARIZ S B D BLRGROEER E K ORFERRHED 72912 | ITFELFZ ORI B TR
BEIRNFF- N CE T Dy L LA A U BRIRIIRER OB IAEECK & 13 B e 0 i & F5 7270
WOT, EEEICDBEBRET D2 Z EDRTERWELR DS, TOTDA A U HRIRICEER L
TWEWEOSEHIENDIENESTDHZ LD, A A HIENS OWE OB TR b
ARG 7L LTI 2 WA Z 8320, ZhIdA A il & | L2
EN R D BRI E A RO R ICOARFERE RS, b L, DBELT-WE & A AR
RS & HITHRIRMED D\ T & BITKIRIEDOSA X, M OBEL L IT-oHEER 97, 2008k
IR E LS FRIOL DD MO HEEZHWRIT R 570 70D, A A U RIKOTE RO H R
T T AT = OMABEDLREICLSTRESTLEY, TTICTEHN-TLEST
WD A TR D ZE DR 2 — R 8 D WITKFERNICZ L S E 5 Z L IR L THES TiEin,
ZZTH AT, b LR BRIECA A R OB A E 2 2L TE 50 ThIuE, 4
AR DBRESA A ARIED D OSBRI LWIEERETE 5 2 812 A AR
D Z OTRZ 2RI E I AR D HikE 525 Z kb, EEZT, ZThETIC,
BIRFZ AR Z AT Z LIZ R DI — A — " F U DERRR?, IREL(Y, D WVITRLET
\C R DB F A UMEEDEL Y, T2 EIT K o TA A IR DOERFREFE DA N 8 5 FLE R HE T
HDHIEPHEINTODN, FIEE U CREESCBEENERIND ZLE2E2D L
KOWEFNINT N HILFHNCARLZERZLTHD , T NH O & FRE L TEWER,

7L solubility-switchable ionic liquids (SSIL)

+ - Nafion, MeOH/H,O VN
o X Y HO X
MK/ MeZC(OMe)z’ acetone J\/
Nafion hydrophilic IL

X = NR3, PR3, imidazolium, pyridinium
Y = NTfy, OTf, FSA, BF4, PFg

lipophilic IL
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T T2 TN H DRRE OB BN FT 503, WIRFFEDOE T DICE G IO ER
HNC AL FTREZ e [RESL DL ) ICE B LY, T E FW oA 3 IRIR O FR Rl AR
OFHT 22 L 2B T, BxIZZDE D oA A VWK E AA T 2 T A A R (55EE
Solubility-switchable ionic liquids,PL T SSILs & L.55) E4fHT. W< 20D ZDHF LA 4>
iRz G L, WfE Y EMEEZRGICHIET O LWHEE kD2 ZeaRmLTERL 9 K
FEJH T SSIL DALHZ DWW T I E TOREIZ W T T 5,

2. {EREEBE

SSIL (FLL FOKNZART HIETERM LTz, KEIZAFEG R 7V EALT Va— LT EH—/l 1a
I e 2a ICEHL, DWT U TAFIARAT LV EFRIINTAFAAL IZS — L%
ER &8, BT =AW L TRIIOT X —ARISSIL D 3 £7-134 2587-, H 5T
TVEATNATE R7TEZ—/L1b kL TH I I &7 I /{EL T2 215, Zh%i
N-AF /ML L TCT =4 BT 5 TT U= LHATD SSIL D 5 2157, 7THH—
JRLSSIL 1%, ZDIlE & A EBIREMZ R L, Bl 13K—HE b A F L TOaBFRMER, b
AF LU UAICEDIZEAER I SN2, L LIHWBLERIC LY 7 &2 — & o4 — LAl
SSIL IZE# L7 b D TiE, ZOWNK OWPIKMICEL L THlLEND Z N ghole, Tk
42— )V SSIL— A — VI SSIL DOAH B HRITEEM: A A o AZ WS IR O £ O 2 W 5 =
& TRMAREI TR ITERTE D120, Z0OA F U RIKITEE 2 LA B TR gt L O
HEEZ L TE DA AR TH D Z E R yinoTz, VA — B SSIL IZIEREFEIX, B
T AU DRBEXN T =4 ORI L > THRELZIT 5, ZHICOWTIIRE THMIC

5 7

iy MsC RsP or + [—\+
O\)\/OH A MsCL O\)\/I : O\)\/PRB O\)\/N
2a; 45%

ii) Nal alkylimidazole
1 then anion exchange 3 4
a
~7%io RNH o Mel “8%10 . X
O\)\¢O _;TNaBH(OAc 3 O\)\/ NR, then anion exchange \)VNMGR2

1b 2b 5
X = NTf,, OTf, PFg, BF,
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Deep eutectic solvents are liquids formed by chemical reactions and/or strong intermolecular
interactions between two or more compounds. In this study, homogeneous mixtures composed of
arginine or its salts, i.e., arginine monohydrochloride and sodium arginine, and malic acid were prepared
using a vacuum evaporating method. The mixtures with a small amount of water were highly viscous
liquids. The ionic forms in the hydrated mixtures were discussed based on the pH and nuclear magnetic
resonance spectra of the aqueous solutions. In an equimolar mixture of arginine and malic acid, arginine
and malic acid were found to be in ionic form, that is, a monocationic form for arginine and a
monoanionic form for malic acid. In the presentation, we report on the hydrogen bonding structure of
liquids composed of arginine or its salt and malic acid.

1.#8

GRS Y, e 2 FELL EOWE O OALEE0KFERES 72 £ Oy 1-RIFE A
TERNC X 2 L BEFELGIC L - TAERT DIRIK ORI T, KW % TR LRSI AR
REEHICK L CEWlE A A T 5[], RILRBEE ORI O —21%, ML Z o T3
AR OREREN S c M ET&E 52 THD, T EEIL, RARICEBEICHEL, BV
FFPA MR AETHZ LD, EMABEOMEEDN G « [ RIC@E L bawEET, 77
=RV U EOFHET R A LIRS T M) R EO B NVR U EMAAS DY
2 DTSRI Z N E TICHE STV B[2), HIEET 2 VB ThHiT7L¥F=2 (R) &
HIVR RIS 7o AR, V7 2 vra—RARNAA < AD Y F =Rk L
BOWTEWIRERBEL, TFE, N AV 774 TV =BT HEEREEDO—> & LTI
HEINTWA[3], TAFX=0 2 HWEREEEEED Z 0 X5 el s 7 =2 2 LV R
XM EOKRFBRBAMERICERNT 2 EHEHITE, KBEBABEOMAITEETHDL LEX
HIDHN, WEMEEMOT NX = EBIELEY D I IVAR W 7 B R EEE R DK
FREAWEIZRET 21TV, 22T, AR TIE, R &M 0572 HELBEE DO KFERE
AMEEA NI THZ L2 HE LT,

2. RE&

R (>97.0 %, Sigma-Aldrich) & M (>99.0 %, Wako) [Zillihz A=, £7-, A A IEHE
DEBLDR ELT, TAX=UEREE Ra) ET7AF=20F MU A (Rw) IZEHL, Ra
(>97.0 %, TCI) X Hiliit%, RanalZ R & NaOH (> 97 %, Wako) 2Bl L7=b D& L
2o RRZDH (Ra, Rna) &M OX—IBREMERIEAFIEIC L VAL, Ko&LrEE
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HEE (DSC) ZHIE L7, MIZxT 5D R, Ra, RuaDFENELIZ 0S5 72151 & Lz, F£77,
ZIHKEHED pH & BERERIEE (NMR) A7 MLZREE 298 K (3B W CHIE L7z,

IR LEER

H—=NT 4y —JIECTRE LIZIREMTOEKEIIM IR L T2 EELEUTF T, #
BLURAWE, WINL=EIRICBW CEMMERRIETH -7, Fig. 1121%, R & M O%5E
NVEIRGY MIZx LT LS fEEALBEOK (W) 25T BLOZOFEIOMBGEBRRIZE T 5
DSC %—E7 7 L& Lz, HIER P

183~373 K 23U\ C, HMED R 2 M DEL — T
BILFBR S hiahotan, ZnoRANO <[ & ]
RHM+1.5W IR 274 K (4 7 2B &R F | i
L, KiRlcBWGRBEREDwKTHEZ = M i
L ibinots, gl 4

Fig. 2 1213, #FARIRO "CNMR 222§ W i
vz Liz, RKIER (pH =10.8) & Ra  £f T1015" mor .
KIEE (pH=5.7) O#NS, ROTI 6 VL ]

[z H2MPI3 5 L, haRFrL— hED 200 250 T/K30° 350

BC Y—7dmEiEy 7 F Lz, £72, MK

Wik (pH=1.8) & U > dfEF v U 7 A (My.) Fig. 1 DSC thermograms of R, M, and the mixture
KIEE (pH =3.9) DN S, M DOH /LR RtM+1.5W.
FUEOHMMBET 5L, 2D BC E—71%

BRI S 7 b Li, ReM AW (pH=-38) MUl | |
TSNS RIDFRINDGA BCILFEY T M I I |
ML RaZKIFIROFER L 0.03ppm AN T— I
Lz, £72, MIZFRIN D4 BC by

7 IS My KESEOREE L 004 ppm WA Sl -
TE Lk, SRR, ReMAde R 1 1 1 | ]
TiX, Fig 3T RLIEE/ BTFAFMHEOR & 200 180 160 Yo 60 40 20
T T =A UMD M BEREERETHY C chemical shift/ ppm

INBAEFFEOAERIT M O LAR XA Fig. 2 BC NMR spectra of aqueous solutions of R,
SRDaNT X/~ HFBE) (—COOH + Rci, M, My, and the equimolar mixture R+M.
-NH, = -COO™ + -NH;") # /RB3 %, ®)

R+M+1.5W @ BC NMR A7 k)L '§, R+M

@
AHSEOR IR T Y, Bk D on
ERO—HIEM»ER~OHBBHTHL & . o §

ftiam L7,
FFTIE, ROZFDHEE M 670 5kiA Fig. 3 Molecular structures of (a) monocationic
DIKBEREEHEBE IOV THET 5, form of R and (b) monoanionic form of M.
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Electronic relaxation of B-carotene in ionic liquids and lipid bilayer
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absorption spectroscopy
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B -carotene absorbs light at wavelengths that chlorophyll cannot absorb and transfers its energy to
chlorophyll to function as an auxiliary pigment in photosynthesis. The short dissipation of energy over
a similar time scale also contributes to the dissipation of excess energy and the suppression of reactive
oxygen species generation. Fully elucidating the mechanisms of intramolecular relaxation of B-carotene
and energy dissipation to the surroundings is important for understanding how living cells are protected
from intense irradiation by visible light. in this study, femtosecond time-resolved near-infrared
absorption spectroscopy was used to observe the electronic relaxation process of B-carotene in ionic

solutions and lipid bilayers, which is similar to the actual intracellular environment.

#E
B-T1 0 T AIAEM DB ILL AT HFETHY, TOHAHEL LT C=C 0#x&R%E
HLTWA. BT if, 2 DOFEERE=RLX—E FEIRETH D Rl —EIH
(S IRAE & 26 2 bkl —E I (So) IRFB L ZFFOA8, @“%#mﬁ%f&%@%é@mﬁ%
WA RRNCBIT DR X —ORE & UG L~OBE 2 EOEELERRICIE, ZOER
eI L OVE TR AR O s 2z fn & B R BRI B 5. BﬁDT/i4%mﬂT
(ZBRVVE TN Z RT3, T OWIUTIIE (So) IREENGEEHID S RRE~DER TIX72 <,
Sz*ﬁ(ﬁb’\@%% WKk 5. e THRL U7z SoyMRAEIL SRAEICINERERHA L, SIRAEIZ S 6
T SotRBEA~ & NTHRHA 5 . BﬁD7/®&ﬁﬁ§%mﬂ}&&%@i&§9%mni@%
E&E@@ﬁ%%ﬁmfﬁ@éhéwf VTARINIIL A~ | L % B 23 il 2 ¢ & il
INHDEFIRRED LR LB OE SOV TEENCI D Z ENTE 5. AREREETIZ
Té4@%®ﬁm7/4F@&ﬁ%ﬂ6&ﬁ%%io&ﬁ%#6&ﬁ?~® %ﬁﬁﬁL
EEHE S RO R VX —I, 71A%ﬂﬁ%AMﬁf% YHHEIC L > THRES N
[1, 2] KICRIED B-H o 7 3 CixeaE iz A *@A%¢%5wiwﬁ EYC R
CICFET D, ZROOBETTOB-uT0OfE %ﬁﬁﬁ&%%%ﬁ ITHZ L, A
S FTALE IR 2 D O A OO G 2 BT D - DI b EETH H. ABFFETIE, 4
R COBREE L FAEL Lo A T ARIRTF TO B~ v 7 » OEFREFmEfE 4, 7IAbﬂﬁW
ST IR B L o TEIHI L CEOFEMEZ 6 20MCT 5 & &b, 43U RiEFICE
% BT v OB FAREEREDOFFEIZOWNWTELRE L.
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2. EE&
7 = A NSRRI AR A XS ROV ORIE TIE, R -7 a—T7EEH W, A
7 R VBIE OFERIZ DWW CIEBE#R [1] T L7z, Tisapphire FHEHSIESS (10 K L 1 kHz,
FVAE 100 fs) O E T LT, £O—F TR L7287 A YU v 7 BEiEER D OH
JIH DY % FERIEAE MBI & o TEH LTI K 480 nm DR 7 W& 1%7-. Tisapphire F-/E
HRas DM NOE 5 —FH a2 77 A TIRTHEBHIZER LT, Zhazrm—73E L.
B B U727 e — T e A S AR Tk S BT O ARIMEIK O Y % InGaAs 7 LA fi
2 BI2F v R) THRHELE. A

16 — . .
F R E LT i — YhOAFHY
—— Pees14Tf 2N
trihexyl(tetradecyl)phosphonium 1.2 —— Pess1aDICY
7 Pess14aBTMPP

bis(trifluoromethylsulfonyl)imide (Pses 14

1

TEH:N), Trihexyl(tetradecyl)phosphonium
chloride (Pees14 Cl), Trihexyl(tetradecyl)
phosphonium dicyanamide (Psss14DICY),

Normalized Aabs
o o
N oo
| |

o
o
|

Trihexyltetradecylphosphonium bis(2,4,4-

trimethylpentyl)phosphinate (Psess14 Time / ps
BTMPP), Trihexyltetradecylphosphonium  Fig.1 Decay profiles of the S state of [ -carotene.
bis(2-ethylhexyl)phosphate (Psss14 BEHP) 1.6 o — ?3;7654’_?;\?7
Wz, b DA I R FIZ B- 31_2—- — Pees14DICY
T e R S 5 N E DR & 3 Pese1sBTMPP
L. E

:
3. HREER z

A A UK Poos 14 TEN, Pessra Cl, Pecoia
DICY, Pegssia BTMPP, Pegssia BEHP H135 0 10 20 30 40 50
YOV anFH o T I nT o Time / ps

JEENE LT, & D1k DZEA & R 5 fiF
WEARIMRIL AR fL L LCREgk LTz, v 7 mAFH 1, P 1a THN, Pesers DICY 35 LT
Pess1aBTMPP H1 T OHRIE Dl R DORF A B 15 HALTz SHIRRE & SUIREED R ZE 2 £ 1
X 1, 218”0, BWEOHTEREZE LIZELDD. BT OB IREREORE L,
A A EEFRTIES 7 a~F Yo LD b SRAEL SURIEOMIIT IOV THRGE L T 7. 6
HWOLRIT SR THRICKE S, 2O X9 WIS CIIBlsh Ty, &
IRAERE AN O PR DA F S OBRRER BL~ D BT BRIR N RTETH V, A% L7120,

Table 1 Time constants for internal conversion of B-carotene.

Y7 RANFEY Y | Pgeera TToN | Pees14DICY | Pgggr4Chloride | Pggg14BTMPP | Pggg1sBEHP
Tsa/ ps 0.13 0.44 0.43 0.56 0.30 0.63
Ts1/ ps 10.3 11.7 11.6 12.8 10.8 12.2

Fig.2 Decay profiles of the S; state of (5 -carotene.
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Physicochemical Properties of Quaternary Phosphonium Ionic Liquids
Based on a Cyclic Sulfonylamide Anion
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Room temperature ionic liquids (RTILs) based on 1,1,2,2.3,3-hexafluoropropane-1,3-disulfonamide
(N(SO2CF3)2(CF2), CPFSA) anion with quaternary phosphonium cations have been designed and
prepared. Their physicochemical characterizations, e.g. density, viscosity, conductivity (ac impedance
method) and thermal decomposition temperature (thermogravimetric analysis) have been carried out.
The combination of triethylpentylphosphonium (Px22s") and triethyloctylphosphonium (P22:s") cations
with CPFSA anion gave crystalline solids at ambient temperature, whereas tributyloctylphosphonium-
based salt (P4443-CPFSA) became a transparent viscous liquid.

1. # 5 [Introduction]

A AW (RTILs) (X, FrRZRPSMetk, PRl A A s B, w2
BEMEE W T =— 7 e BYL A2 AT 5 2 & D, BRALFERICHW D H =72 E MR
HBELTHEHSINRTWD, RTILs DA R A VA= LT I N7 =42 &L T,
bis(trifluoromethylsulfonyl)amide (TFSA)X> bis(fluorosulfonyl)amide (FSA)?D X 9 72 A /LA =)L 7
S RENEHSN TSR, BIEEEZ L DA NLE=LT I RT7=40ThHhD 1,1,22,3,3-
hexafluoropropane-1,3-disulfonamide (N(SOCF3),(CF,), CPFSA)7 =F » H b TW5DH 12, L
MLZRR D, CPFSA T =F MW A =0 AEIL, 7 =4 2 OXFREIE O 72 DI 5O ElUR
ZaRTMEMICH D FREMERE I BT 2 M EANIE L W D, RTILs (2 STV 53
BNTEEMICE L, — ., YR L —7 Tk, WA AR=U L F A afliac DT =4
VEMAE DR TS DO A T EENE LD Z & EWE L CE T 3 RBETIE, FER
MABRAR= T DATH L DA DOEIZL Y KRR 253 2881 CPFSA A 4 ik %
BRL., COMBE LR L OBEE A RE LI R 2 WS T 5,

fe) _ 0
C,H, C,H, C,H, w_ N/
15 15 I 0=S S=0
Hscz_Fl)_Can H5C2_[|3_08H17 H9C4_F|)_C8Hl7 F F
F F
CHy C,Hs C,H, F F
P222s" P222g” Pasag” CPFSA

Fig. 1 Structures of quaternary phosphonium cations and CPFSA anion.
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2. EEX[Experimental]

CPFSA IR AR =7 hA & EIRO ANV — M, BEFORAKR= T LA F U WRIKE R
HEERECH -7 (Fig. 2) 34, 9, BIBEARAR=0U LT A RE R TILFILRAT 4
VETNAFRNANTA REORERIGICE Y G LT, D%, kA T A R & Li-CPFSA %
MAKF TGS ETCT =4 L, AE T 7an A X2 T LZ06, Ziuahik
Vel Z KO KSR L CHM O CPFSA B A A U iRIKZ G LT, HrIC B2 e S 7o
TNZONWT, iR OREEEZEF) ., BE (a—r 7 Lv— M) BE (REhX), HER

(52t 2 W) . B EEE (BAE BT SO 2 SRR A R A CHIE L,

1 (1) Nucleophilic addition R! (2) Anion exchange R1 Q\ N //
R R2-Br | Li-CPFSA . -s” s$=o
p—R' ——> R-P-R? B ——= R—p—R* &
l/ | 8t0 IOC’ >3Rl' Room temp., | FF = F
n toluene, Nz, 1 1
R Yield 80~90 % R In water R FF
trialkylphosphines tb?'g?n%kgéph%phonium CPFSA-based ILs.
R : C2H5, C4Hg

R2: CsH11, CgH47

Fig. 2 Preparation of CPFSA-based phosphonium ionic liquids in this work.

3. #ER LEE[Results and Discussion]

55372 CPFSA A F L ARIRDIZ & A 13D TREEIE Le9 <, IR CEIRE 7o o7z,
—J5, TIVXNEENEWRAR=T LN F A (Puss’) LHAG DT CPFSA HiIX, ik
THRIKE 72D . ZO/RIT 17 CTHoT,

Fig. 3 |Z. Pass-CPFSA OETERDIEEHK 0.1 g
TEME% | Pasas-TFSA & Folt L 7=k R4 17,
Puygs-CPFSA OEFERITIEE LA L & HIZ 001 4
WL, 207 L=vA7ny NI L P
(SO MBI A A NREERT LY T 0,001 Oo..:xxxxx
% e 720 71'7_0 i 7LC\ P444s-CPFSA X Paaag- ((/J) ' ¥ ... X x X %
TFSA &MWBEL T, mfths L ORgE: o 1 e, X

— - S 1 °
BRI Eb o7, ZiE, CPFSA T 0.0001 I @P,,-CPFSA .,
=4I TFSA 7 =4 K 0 & [RFEE T <P, -TFSA

4 4448

ML TWBT=D, ZIUTES FHAER O 0.00001 ey oy
RICERTDHHEDEEZ OGNS, B HIE, 25 26 27 28 29 30 3.1 32 33 34
A REEIZ OV T HEm T DO TETH 1000/T /K™
%, Fig. 3 Temperature dependence of conductivity

Of P,15-CPFSA and P,,,s- TFSA

4. References

1) Moriya, et al, RSC Adv., 2, 8502 (2012).

2) Fujita, et al, Batteries & Supercaps, 3, 884 (2020).

3) Tsunashima, et al, Electrochem. Commun., 9, 2353 (2007).
4) Tsunashima, et al, Electrochemistry, 75, 734 (2007).

92



P03

BHREAERE/REEMRATICE T 5 ERBERICD N

(BEEREEE T !, AiEEK 1AS?)
ol MR, Za R B2 E 2

Li-ion transfer rate at interface between inorganic solid electrolyte and
highly concentrated liquid electrolyte

Yuta Takada', Ryoichi Tatara'?, Kaoru Dokko!?

I Department of Chemistry and Life Science, 2 Institute of Advanced Sciences, Yokohama National University
e-mail address: takada-yuta-dk@ynu.jp

Reduction of internal resistance is important for high-rate charge-discharge in Li ion batteries. We
focused on the interface resistance at the solid electrolyte/liquid electrolyte interface. It has been
reported that the desolvation process of Li ion is the rate-determining step of the Li ion transfer
reaction; however, the details of this process remain unclear. In this study, we analyzed the Li ion
transfer at the interface between Li*-conductive glass-ceramics and ether-based electrolyte and

investigated the factors affecting the Li ion transfer rate.

1L.#&E

A, BURFCALE ST RO MAD —o L LTEXEBEOE LA ED 5 TW5, &
[ABBEOW RILRITHEN, U F U LA A BOMEEOR ERRO BN TNS, KOS
LEED 5 B, BHOEE BB ONEEFIOEBA R AR TH 5, NEHEHO
R4y DT B & BRI O REICIIT D Li A A OBEIRISIZE W T Li A 42 OBy
EFEBRENREEE TH DL Z R HEINTWD L, £z, e LI —hRx— FNPOZHE
B N T2 IR R BB AR T C D LiCoO, IR EE A 0D B8 far 4 Bh S Wi ok FE DN BRI oD Li A A &
BN F (RIS T = A O AEMER 2T Tidze <, %%m@@u%ﬁvmﬁg%ﬁﬁmio
TEEBIND ZERWEIN TS 2, B E ERIEO RIS 5 ERBEN G & RIS
BRI & BEIRERE OREICBT D Li 4 4 BEISIC Li A 4> OFF 8 &R E N5 @%&
2 ERTPREND, ABFZE CIXEBEMIRD Li A 4> OIFBCKEE N EIRERE BRI
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Fig. 1 (a) Concentration dependent interfacial resistance (Rinterface) Observed at the interface
between LiCGC and LiTFSA/G1 electrolyte. (b) Normalized Li ion activity (ari*/aci*'™)% and
fluidity (™/5) in LITFSA/GI electrolytes at 30 °C.
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Viscoelastic behavior of ionic liquid - amphiphile mixtures
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Ionic liquids are promising candidates for lubricants due to their non-volatility, high design
capabilities, etc. Among these lubricants, ionic liquids are also applied to grease base oils mixed with
thickening agents. Currently, the relation between the structure and viscoelastic behaviors of these
materials is unclear. We fabricated the ionic-liquid-base greases and investigated their structure and

viscoelastic behaviors to optimize the lubrication performance.
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Fig. 1 Small-angle X-ray scattering patterns  Fig.2 Frequency-dependent elastic modulus
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Relationship between the Viability of HEK293 Cells and Water State in the
RPMI Medium with Ionic Liquids
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We have investigated the relationship between the viability of Human Embryonic Kidney 293 (HEK293)
cells and water state in the aqueous RPMI1640 medium—solute (salts, ionic liquids and zwitterion)
solutions using water activity measurement and Raman spectroscopy. The addition of studied all solutes
(0.2 mL) to RPMI medium (2.0 mL) caused the decrease of HEK293 cell viability with increasing added
solute concentration. The water activity and Raman results showed that the decrease of cell viability
was related to the increment of the hydration water species. Remarkably, this result is independent of
the solute species. The finding is that small changes in water state in the RPMI medium are directly
related to HEK293 cell viability.
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Cellulose, a highly versatile material, faces challenges in processing due to its limited solubility in
common solvents. Ionic liquids have been found to possess high solvating capacities for cellulose.
However, the experimental development of ionic liquids with optimal cellulose solubilities remains a
time-consuming trial-and-error process. In this study, we have developed automated molecular
dynamics simulation workflow designed to evaluate cellulose solubility in ionic liquids. Through this
computational framework, we screened hundreds of cationic cores in ionic liquids and identified

numerous structures with high cellulose solvating capabilities.

1. Introduction

Cellulose is one of the most abundant and versatile biopolymers found in nature, with numerous
applications in various industries. The intricate network of intra- and inter-molecular hydrogen bonds
within cellulose makes it poorly soluble in conventional solvents. Ionic liquids (ILs), due to their
remarkable solvating capabilities, have gained considerable attention as potential solvents for
cellulose.[1,2] However, developing novel ILs with high cellulose solubility remains a challenge due to
the time-consuming and expensive experimental process.

In this study, an automated molecular dynamics (MD) simulation workflow has been developed to
evaluate cellulose solubility in ILs. This computational framework enabled the high-throughput
screening of hundreds of cationic cores, facilitating the identification of numerous molecular structures
with high cellulose solvating capabilities. The novel cationic cores identified through this screening
process exhibit potential for the design and development of novel ILs with high cellulose solubility.

2. Methods for MD Simulation

The cellulose Ip bunches of 4 glucan chains, each with 6 monomers, were built based on experimental
crystallographic data by a toolkit named cellulose-builder.[3] Fig. 1a illustrates the structure of the
cellulose bunches. Cellulose bunches were described by the GLYCAMO06 force field, and ILs were
modeled using the general AMBER force field (GAFF). The cellulose bunches were solvated in a cuboid
box filled with equilibrated ILs, as shown in Fig. 1b. All MD simulations were performed and analyzed
in Gromacs2022.2. The initial configurations were first minimized by the steepest descent method. Then
the systems were equilibrated for 10 ns equilibration dynamics under NPT ensemble to equilibrate the
solvents with constraining the position of cellulose. Then the restraints were removed and a production
run of 250 ns was carried out in the NPT ensemble with a 1 fs timestep. The temperature was maintained

by velocity rescaling at 360 K. All covalent bonds were constrained using the LINCS algorithm.
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Fig. 1. (a) Side views of 4*6 cellulose I bunch in MD simulation. (b) Initial state of cellulose bunch in ILs

3. Results

Previous MD studies revealed that the
solubility of microcrystalline cellulose 1is
fairly well correlated with the number of
inter-chain hydrogen bonds in cellulose
crystals. In the present study, we further
validated this relationship by evaluating 43
different ILs with experimentally measured
collected from four
series.[4-7] As

illustrated in Fig. 2, a linear correlation was

cellulose solubilities,

independent  experimental
observed between cellulose solubility and the
number of inter-chain hydrogen bonds in each
dataset, confirming the accuracy and robustness of
our MD simulation workflow as a predictor for
cellulose dissolution.

600 different cationic cores were extracted from
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Fig. 2. Relationship between experimental solubility
of microcrystalline cellulose and the number of inter-
chain hydrogen bonds in cellulose crystals
calculated in MD simulation. [4-7]

existing and newly generated organic cation structures. Through their combination with acetate anion,
600 ILs with different cationic cores have been constructed. These ILs were subsequently subjected
to screening using MD simulation. Numerous cationic core structures with promising cellulose

solubilities have been identified. Fig.3 illustrates examples of typical cationic cores with

predicted cellulose solubilities exceeding 10 wt% when combined with the acetate anion.

-

W

e N

[ >

L \; N
O O 2

Fig. 3. Typical cationic cores with high predicted cellulose solubilities when combine with acetate anion.
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For achievement of carbon neutrality by 2050, the development of CO; separation and capture
technologies from low-concentration CO2 emission sources and from the atmosphere is a
challenge. In this study, we investigated the CO» separation performance of supported ionic
liquid (IL) membranes under Direct Air Capture conditions. We focused on ILs where 1-ethyl-
3-methylimidazolium acetate ([emim][AcO]) was mixed with various diamine-based ILs as
CO> carriers. Furthermore, we investigated the effects of the physical properties and CO>
absorption capacity of the mixed ILs on CO> separation performance using model equations for

facilitated transport in membranes proposed in previous reports.
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% T, l-ethyl-3-methylimidazolium acetate HZNMNHz v or {RZ\H/\/HR H®
([emim][AcO]) &7 2 U BHD I F
diamine-functionated diamine-functionated
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B L U7 S . SR D CO, B Fig.1 Chemical structures and abbreviations of ionic liquids.
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Table 1 (2, {BGA A L HRIENED 40°C - CO, /3)E 40 Pa I2351F 5 CO, 4y BiEMERERFAMAS 5 & |
RO A A AR DOYNETR O CO WU E A2 R, REBRRIMICIBN T, A A R OIEH
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Table 1. Measurement of IL physical properties (viscostiy and diffusion coefficient of CO, carrier,
D co2), CO, solubility, and CO, separation properties (CO, permeability, P co,, and gas selectivity,

P co2 / Pn2)

lonic liquid mixtures viscosity, 7 Dcooc CO, solubility P coz Pco2/ P2
diamine structure = ((@) n) , or ((b) Ry, Ry) mPas  x107 cm?s? mol/L Barrer

[emim][AcO] 48.3 154 0.07 1760.1 511.2
[emim][AcO]+[(n=1)][Tf,N] 69.4 1.29 0.70 1299.2 268.4
[emim][AcO]+[(n=5)][Tf,N] 90.0 0.75 0.09 127115 3392.0
[emim][AcO]+[(CH,, H)][Tf,N] 63.7 1.22 0.48 888.0 179.3
[emim][AcO]+[(C,H,OH, H)][Tf,N] 74.9 0.99 0.36 20901.9 4119.3
[emim][AcO]+[(C,H,OH, C,H,OH)][Tf,N] 63.9 111 0.38 16895.1 4034.5
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Prediction of CO: separation characteristics in supported ionic liquid
membranes using machine learning with multi-modal input
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To achieve carbon neutrality by 2050, there is a critical need to develop CO: capture technologies
targeting low-concentration CO, emission sources and atmospheric CO,. Our research group is
developing ionic liquid (IL) membranes composed of multiple ILs. To efficiently identify high-
performance IL membranes, we investigated the prediction of CO, separation characteristics (CO;
selectivity) using machine learning approaches. Incorporating IR spectra as input for the prediction
models improved their accuracy. The method of incorporating IR data influenced model predictivity,

suggesting the importance of input data pre-treatment.

1.#8

2050 - H —AR v =2 — M TOVEBUTWIT, SIRE COHEHIRD 272 637, IKIRE CO HEH
JRLRKE D CO B AN OB N EHE Th D, B RNX—72 CO L L U Tl BEE
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BV COL TR & B M 2 7R LTz,

ZDOGBEEEL, A A RO, CRHAR E DO SRR A B DY R ARETH D,
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Thermophysical properties of aqueous solutions of
tributylmethylphosphonium dimethylphosphate
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Densities and viscosities of aqueous solutions of tributylmethylphosphonium dimethylphosphate were
measured over an entire range of composition between 278.15 and 363.15 K. From the experimental
densities, the isobaric thermal expansivities and partial molar volumes were derived. The density and
expansivity showed the maxima in the dilute aqueous solutions at the mole fraction of IL, x» = 0.1 The
excess molar volumes and excess viscosities were obtained to be all negative over an entire range of
composition with the minima at x, = 0.3 and 0.6, respectively. The excess molar volumes and excess
viscosities for the present system were quantitatively compared with those for the aqueous solutions of
ILs composed of similar cations and/or anions.
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Evaluation of equilibrium water absorption characteristics of ionic liquid as
hydrogen dehumidification system for water electrolyzer
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Green hydrogen production by a water electrolyzer with renewable energy is one of the most important
key technologies toward realizing a decarbonized society. Here, it is necessary to develop not only a
highly durable and efficient water electrolyzer but also a dehumidification system of generated hydrogen
to achieve highly efficient hydrogen production. We have proposed a dehumidification system by using
ionic liquids, which is potentially expected to be more efficient and compact than conventional solid
adsorption dehumidification systems. In this study, we evaluate the water vapor absorption
characteristics of ionic liquid and report the feasibility of the dehumidification system by the ionic liquid.

1. #& S [Introduction]

KRFBHEEIUZH 2> TE, F—IZ CO2 7V —/KFEZ U@ IR ST 2 N EE
METH D, IERICHEPED DN TV DEIRO—>& LT, KEAREFOFHAE AR X
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OFRE T 2 ADENEILERDTZENTERWIFERBRER CTH D, KEMTHRELE
KFBITITEMIRE BT 2 KOREFIARKOBADGEET HILT, £7o, KFEORPESCITLE 715
HIZHIKDD, BIZITKEAT — 3 U CHERINDKREFKRGIREIL Sppm A & FEH
(AR EE~DKERENRD BND |, ETIEF T —IC L 2GHBRED#%., ¥4 T4 D
[ AN 5 2RI 2 & D BRI T IEEN R TH D0, MANRD BN 2 EiE %2 Ed
SR EM OFAEMIANCE S DT RNV F—%2HE LT D, F BRI E R EE O
HEHEIR T 2 UL EOIGE Z AW NNy FRE 25720 /UEREHE LT AT v b EH D,
T TCEHAIIA A IR L DKFBRIB Y AT AERE L TWD ¥, A A RIS N
D TR . EDTFHEEDT YA NS X - TTEGIZRWAMEERZ A L TEBY . B2 kE
T ADBRIEFER, HRAURIR TOA F IR DBK A, & HITIHA A R RIEERIZ L DR
T A TREOEE « UL ATRERRE 7 r 2 & L OUSHABSIR SN D,
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2. EEx [Exper imental]
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Yry—Ll (Ef£9.1cm) ZMH L, 4 4K 10g ZEA L1 v — L &2 HIRET 2K H
(ZRRTE L 72 0T KRR & [EIR IR AR NEIC B 0 T2 keE <, IREEE2 H 5 —EMIcHIgE L
2B DA A U BIE DRI L S EEE(LEfdkT 5 2 & THEME Lz,

3. #5 R & #=%2[Results and Discussion]
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Fig.1 Relation between equilibrium water vapor Fig.2 Temperature dependence of k, where k is
pressure and water concentration in ionic liquid normalized value of the slope of the line in Fig.1
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In our laboratory, photoreactive ionic liquids containing cationic metal complexes have been developed,
some of which form cubane-type tetranuclear complexes upon photoirradiation in solution. In this study,
we synthesized ionic liquids with alkyltricyanoborate anions of varying alkyl chain lengths and
investigated their photochemical reactions. These ionic liquids formed cubane-type complexes upon

photoirradiation both in solution and in the neat liquid state.

1. #E [Introduction]
WHFZERTIZ 2N E T, &EsEIR
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RN & o TF 2 S B RbE A S
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TARCEBERIRS 2 kT 51D, % 16:(R =CgHli7) 2b (R = CgHy7)

AR Tl BEERS E S F Fig. 1. Formation of cubane-type complexes in solution
o N L O VERR & BUIE O ST, 35 through the photoreaction of ionic liquids prepared in
OB ERMAL L Ly
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2. EE&[Experimental]
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3. #58 L #E%2[Results and Discussion]
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ZIHDIEIKD A 2 7 —NEHRIZUVIEE ST 5 & | IR IS EBEIRD BN LT, 20
FOGETIE, BTFA L ORCBUBRBNMHE L, 7T=A4> D> 7T 7 EAPRuMZZ4E L T 2N
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Fig. 2. Crystal structure of 2b determined at 90 K. Fig. 3. Conversion versus photoirradiation
ORTEP drawing (left) and packing diagram (right). time for the photoreactions of 1a and 1b.
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Synthesis and Thermal Properties of Coordination Polymers Incorporating
Onium Cations with Double Bonds

Yosuke Nakazono' and Tomoyuki Mochida'*?
"Department of Chemistry, Graduate School of Science, Kobe University

Research Center for Membrane and Film Technology, Kobe University
tmochida@platinum.kobe-u.ac.jp

In this study, we synthesized salts containing onium cations with double bonds and C(CN); or B(CN)4
anions, and investigated their thermal properties. The B(CN)4 salts exhibited an ionic plastic crystal
phase. Furthermore, anionic coordination polymers incorporating the onium cations were synthesized
by recrystallizing these salts with the potassium salts of the corresponding anions. The coordination
polymers exhibited incongruent melting. Additionally, the reaction with bromine was investigated for

the coordination polymers.

1. #65 [Introduction]
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B(CN) ¥ 2 Ak L (Fig. 1a), & OEIIME 2B 6 iz
L7 EHIZ, ZNOOHICHIET 2T =4 OB U U AEE M2 CTT =4 RN &5 T
ZE R L (Fig. 1b), = OREZEEIZ MG Lo, 2o ORMNES T & BFEEK]E DRISIZD
WThRET LT,
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2. EE% [Exper imental]

HIO A =7 DR, A A RHIEIC L > TAR L 72, 230512 K[C(CN)s] F 72 1L K[B(CN)4]
ZIMZCTHRESEITO, BNLES T2 AR L7, DSC HIER LU POM #1221 L BVt E
FRET U7, B AE S L HIC OV TIE, 90 K ChE s EfinT 217> 72,

3. #5R & #E%2[Results and Discussion]

B LT CCN: D 5 B 2 I A F kK TE - -
720 BCN)JEIZWT IV FebitE A A Rt 2w L,
C(CN): Mg L 0 B ElS2S & VMBI 238 5 T2, W DD
IR METE ~ 72,

IO ERWTER LB &S T, Wi
b oy fRE iR A ok LTz, @Al 90-240°C THY . B F
F A XPRE W ERVMEM 2 D > 72 (Fig. 2),
WOEE LRERIC, B(CN)s & & LB & 5y 1 D 5 5
C(Cbi)z EEHEDHLOLYERSTHY  ExinT o8 Fig. 2. Melting points of the
& DFEDZED /NS WEF D B o T2, onium salts (light blue) and

FONTENLRE S D 9 B [3][K{C(CN)s}2] D X ## coordination polymers  (blue)

prepared in this study.
WEIEfRIT 21T > 72 (Fig. 3)e Z OfEdnIXLARTERSE L7z
Fifrm sy &R U< K728 C(CN)s T 3 IRIHIZ 28 4%
SN T =F MR 5 172 o T2, ftidn Tl b il
FINZ—IRICHI7R T v ROAEIEDFE L, £ DRI
NFFHUBNER STV, ZZRIBHE C2e, Xy MU
— 7 fEED FAR e U—{Fant THY . FREDOL T4
VRFEE AT 5 [Ru(Cp)(CsHsCH3)][K{C(CN)3}2] (22
MR PIYP &L FAR e P—2F LT, LaL,
B D B F 4 v % G T [NEL][K{C(CN)s}a] (22 RIRE:
Pna2;, hARwa Y — :flu-3,6-Pnma)? & tb% & fEiED
HFPEAME L Ry T —7 OffE LT g > T
77

B(CN)s & G om0 & RFBARKUTREE T 2 &
BEMIMBIEDHE Z o 7203, FEdgE IRz, 2 Fig. 3. (a) Crystal structure of
RANAMELT, —F7, A= DEEREAMLIES il o b g orsorered
IZ K[B(CNZ A CHAEmEIToT 2 A, 2 DR have been omitted for clarity.
FATIMRIIEANL &5 T & A O D EIRZ R LT,

[1]B(CN)«

[11C(CN);
[M][K{B(CN)s}]

[2]B(CN)«
[MIK{C(CN)s}.]

[2IC(CN)s
[2][K{B(CN)a}.]

[31B(CN):
[2][K{C(CN):}]

[BIK{C(CN)}.]
[BIK{B(CN):}-]
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Development of Mg-ion Conductors Using Ionic Plastic Crystals (I)
-Effect of Anion Species-

Yoshifumi Hirotsu, Yuko Takeoka, Masahiro Rikukawa, and Masahiro Yoshizawa-Fujita

Department of Materials and Life sciences, Sophia University

e-mail address: masahi-f@sophia.ac.jp

lonic plastic crystals (IPCs) composed of pyrrolidinium cations are known to exhibit higher ionic
conductivity compared to IPCs with other onium cations. By adding Mg(FSA): to the pyrrolidinium-
based IPC, IPC/Mg-salt composites were prepared. The composites were evaluated as Mg-ion
conductors through thermal and electrochemical measurements. When the Mg-salt concentration was in
the range of 10 and 40 mol%, the composites became liquids. The composite with Mg(FSA). 10 mol%
showed the highest ionic conductivity of 1.78 X107 S cm™ at 25°C in this study. The composite with
Mg(FSA). 5 mol% was solid at room temperature and showed the highest Mg transference number of
0.19 at 25°C in the Mg-salt concentration range between 5 and 40 mol%.

1. %8

Mg B ZR AT R EE L CHE A SV TEY, 73 ADLZ MO BLED Mg i[5 K
EE OBRNLEEND, FHEMEA A FERAPONT PR THRODWRERLTHY, 2 - BEX
B BRI, A ARENZ R T ZEDOETRBEREME L L CHIf SND, JEATHFZEIC
BWC Er Y Y=L TF AU bR SV D 2 FFEO IPC ([P22][FSA]. [P22][TFSA]) (X
1) & Mg(TFSA), Z N L 7= IPC/Mg HEHE AR DA A AMNZEVEC RIET R T =4 v o B4
A L7, ZOREE, [P22][FSANZ Mg(TFSA), R —7 L= R T, MWAA U AREMEE Mg D A]
WR 7R bR e A BRI S | ARIFSE TR,

[P22][FSAJIZ Mg(FSA), ZifsINL, EieDIERED Q
IPCMg & REIFILIZ FSA 7= bl (N F7W §7F FCTY 1TCF,
LEEERDBRME AT AMNRBE I RIET T =4 paa FSA TFSA

VB IO Mg IR E O R AT T, Figure 1. Chemical structures of [P22],
[FSA], and [TFSA]

O -0 -
W_N (\)\,N\l(/)

2. EER

(1) IPC/Mg SEHEERDOIERL  N-Ethylpyrrolidine & iodoethane D VU AL IEAZEY | BIBATHD
AIEZAMRL, Li HE2MWeT7T =40 ZHMBIEZITH>Z2ET, BREEW TH D NN-
diethylpyrrolidinium bis(fluorosulfonyl)amide ([P22][FSA]) % & ik L 72, 4 IPC (ZFT & & D
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Mg(FSA), ZIRANL, dichloromethane H' CHIFRTL | BT HZIR T 52 & THAER K P22Mg-x AAFRIL
Too (K IE Mg ¥EDENEH 3 FELL, 5 - 40 mol% 72D INTHIILTZ, )

(2) #Hili 4% IPC/Mg S G1R0D Raman 23 JEHIEEZATV, EEKT O Mg A4 DEAFIRREE T
BTz, A —2 2 ZE | B RHE LD, 70 Mg A4 A8z R m L7z,

AR & B
P22Mg-x Idx = 5 DLEEFEARTHY, x = 10 LA Eoex
kLo, X 2 12 Mg(FSA), RN EFIEE IR
FHAT ANAREEDOBRZ T, Mg(FSA), iN&EDs
10 mol% DX 25COAA AREET 1.78 X107 S
cm” THY, HEKO P TRLMVMETHT=, £ D
% Mg(FSARIRE DN & & b1, A A ARE T
HERIAR T Lz, Zhid, Mg o kv Es
ROREEERS NN L7 L HER SR D,
3ICKIREIRIT D EIRD Raman 73 GHIE
OFERATRT, FSA 7 =F D S-N i FrifEiRE)
(W(S—N)) 1%, Mg DENLT 2 2 &I XD m g
I RTAHZERMBATNS, Mg HEINETO
FSAT7 =Dt —7 by 7oL LT, free 5
F W bound FSA DEIGZRDT-L T A, x=10 - 40
TlX, fiee FSA OEIGINENZIU83, 37, 24, 6%
ThoT=, Mg HOBEIMZLENRND FSA 7 =4
1’ Mg A A ATENL L, Mg M A A stk
BEATER L TWD Z LR ENTZ, Mg A4 12
X35 FSA 7 =4 OFi i 3.7 L HH * Sh,
TAAYERELHEL TRKEWVETH-7 3,
P22Mg-x DEGE /3 WAIE XD | tmg 2 ROT, x=5 -
40 D tagdE, THEH 019, 0.04, 0.14, 0.16, 0.17 T
ol FRIRIETHD P22Mg-5 DM Hi\V tugo A 7R
L7ze x = 10 L EDLE HEREDOHEMITAEN tige 23
M EL7-,
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Investigation of the effect of pressure on the phase behavior of ionic
liquid/water mixtures exhibiting UCST/LCST type phase changes
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Graduate school of Engineering, University of Hyogo
*kakibet@eng.u-hyogo.ac.jp

Ionic liquid/water mixtures have been reported to transition between homogeneous and phase-
separated states in response to external stimuli. While there are numerous reports on phase
behavior controlled by temperature changes, there are relatively few studies focused on phase
behavior controlled by pressure. In this study, we dynamically observed the phase behavior of
mixtures of [P4444][Mal] and [P4444][Fum] with water. These mixtures exhibit LCST- and
UCST-type phase transitions when pressure is varied under constant temperature conditions.
The IL/water mixture system underwent reversible phase transitions in response to pressure
changes, and the phase behavior was systematically analyzed under various experimental

conditions.

1.#%&8

AR, A A R EVEBEOIRA X 2 ERIEENC L 5. 0B - fhiHEIR e oo T3
7S AN SN TS, Fo, 2L OA 4 IR &Eif%é Enb | ERE
D7 vt A TIIKOBANTENT DWW, A 4 IR L KDIRE B OO T
LELEETHD, A4 U RIRAKRERIZBW T IREZRIC X _EIREE A fRIR
(UCST) %k L OVFIREG FIUAMRIEE (LCST) MO L2 Ry 2N MESIN TS
DA ENC XD 2B OB OV TIERMIAZ2 SR8 2\, ENTEARR 2
BT EO1OTHY, BEE(LEN LT, FOMEZ E#EEA (LS EHE (LA 5] i
ZTRREMEDR H DT, ST OEDOTAERS LR 7 v R HEEE L OMEIIXIEF I
HEETHD, AL TIE. UCST % 789 [Pagaa][Fum]//KIEA T & LCST 7153 [Pasas] [Mal ]/
ARVEETNE LT, BRI T CEAZHML, ESDBA A KK R DFE
ZFENC G 2 DB RE LT,

2. RER

77 F 7 21T [Paaas] (tetra butylphosphonium), 7" =7 >/ (Z[Fum] (fumarate)3s & TN Mal] (maleate)
EHTDHA A UMRIREAK LTZ(Fig. 1), ZNENDA & U BIEZ K EEEOHISG TRA LT
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VR A TR LT, TR LT I A SR T T 0.1~400 MPa §

(0]
DN, 9 0.2 MPals OBFEHETIE « MIERTT ~~ x> st [
0 H
 AIENNCH B REHRIE & HEE L1, i
3_ ﬁ:n% t %g [Py444] [Fum] [Mal]

[P4444] [Mal]@ﬁ = /\Kih 0.4. 30 C@ L % @%rjj Fig. 1 Structures of [P4sss], [Fum] and [Mal].

féﬁﬂ@%%%mgzm\%mﬁmﬁﬁémmmmeﬁé
ERIZOUNT 0.1~400MPa DOFEFH CHEIEL ST L & DB
2% Fig. 3 12”7, BHEITFEN 0.15 25 0.65 D[Pass][Mal]/7K \
BARIE, ENFICE Y 2 FA D LHICEML L, B 2H e with (DMl sontiollod by
RSB Lo, o, I - R EL C AL A (st e (01 ()10 (9320 MPa
STz, [Pasas][Mal)//KIEE RIZ LCST 27 L D, 70C £ TOIR
FERBETIE 1 DOMBDOBPBEIND Z ENMBALTY_s00f

o —HT. ESEIETIE 2 SOMB L EES L, hEL
Fﬁﬂﬁﬁmﬁﬁu&iﬁ%@iﬁﬁé%wkﬁiEﬂéo
WIZERIY RN 0.4 D[Paas][Mall/KIEA T OIEE & FHEAL
JED)DOBIR%E Fig. 4 123, HUINEINCK 3 2 FHESREIRE O
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*Hﬁﬁ&iiizlﬂlw @%ﬁ%ﬂ——\‘ L/7L:o *Eiﬁﬁ;ﬁ?@ﬂﬁ%ci\ Et(l)bc A A Mass-fractioﬁofIL
T TN B ORED | W TS E B e e o mixtres of
(AH) & {ﬁ*ﬁﬁ’fh(AV)f% ) water with [Pa4ss][Mal].
60
dT TAV sol
E = ﬁ ( ) ) Phase separation
& a0t

2T, TIHARZGIRIE TH 5. [Pasa][Mall/KIEARIZLCST 5 ol _
&FT I DAIFADEARS, £72, Fig. 4 POEARMC £ |
’H:b\dT/dPZ?)‘IEZIPFQé ﬁ{[ﬁj‘é CI: b’ﬁﬁ; éﬂf\_o %@7’:_ - 100 Homogeneous phase
W (1) E D AVIEE NG £ 0 BB FICE LT 5 = &2

O 30100 150200230 300" 35040
Do T, T JEAEINZEY 2 s 1 fHICE LT Pressure, P/ MPa
BB ERD . FOWRIIHAT S, SHRZENEM g o e of oo
C L0 2RRICHRAHET B & | RO S KB AV N E Tl Ll
HIOEBEIEED T2, ZoZ &L, EAOEHINZEY . SROEENR BT 5 HFHIICHEZEl
LicEEZBND,

YHIX, A A IR DT = A U AEIE DN EL 72 2 [Pagas] [Fum]/KIEE R DOFERIZOWTH AR L,
A F IR ORERE & RN XD HZEEORRIZHOWTHEET 5,
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Effects of Ion Species and Pressure
on Electrochemical Reduction of Carbon Dioxide in Ionic Liquids
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Electrochemical reduction of carbon dioxide (CO>) was performed in N-methyl-N-propylpyrrolidinium
bis(trifluoromethylsulfonyl)amide ([P13] [NTf:]) and N, N-diethyl-N-(2-methoxyethyl) ammonium NTf,
(IDEME][NTHf,]) with in-situ observation of the electrode surface during the reduction. Raman bands
due to the carbon monoxide adsorbed to the surface, and the D and G bands of graphite were observed.
Under the elevated pressure of CO; pressure, the reduction of CO» proceeded more rapidly, and the CO

gas prevented from the observation of the electrode surface.

1. %S

Ml FEEEFRTREZ AL O EHAUTNTB Y, H—R o

v oa— NIADEBRREOHLEZ LTINS, & o o
DF=OITIE, KRTICHEH S D “BLRFE (CO» &%) o,
FEL VI A I NT DU AT AORERLETH B[], H&/Vwma 0o
A A RIR(Ls) LB OWRAR L D & CO & W3 D MHEE CHy
EROTZOR2]. CO 2N ST TEITRIGIEDL I & £i>
WTENIE, CO, DY A 7 BN TS Z ENAHET

. A A AEREERORREIE T, BadE S NN
HNCZE T DT, A AR TO CO, DERILFE: oo
BB ST B0 R AR=y s D& L Sreuss of [DEME) INTE
FIL T CO, EBRIRT D L IRFE L BFEDER S 1

5 BRTROBLG NS STV 5[4,

Fxld, ILs TR Z 2 CO, BEXMLFELOICHE ML OLMNIT 572D, 7~ otk
ZHWTEMBERO CO EBITLMIGCORELZED TE, TNETIZ, Erl =7 L% ILs
T CO, DEBEBRULFIRITLEToTE A, BILICL > TAERLEZ CODYEE—I 0T T 7 7
A F® D, G-band MR 41D T ERBH LMo T2[5], T2, FABR=T LR ILs & A
T, BT F L OT NNV EEEEZTRORICOEACEZBR LIz Z A, TAFILEBP MO
DIEZERIEMEN TR D Z LW BT LT, AlEl. CO, DR ED N E D> 72 [DEME] [NTH] 72
HNZ[Pi3] [NTH] (Fig. 1 ) #HWT, T—¥OFBMEOTF v 7 2ilEd s L &bz, B
72 BIETNT T COp Z VAR ST T2 READ FUG~D BN DWW TR E L7z,
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2. EER

In situ Raman J|7E D 7= DI V72 25 & % Fig. 2
WZRd, MBI TILIZ COZME B3 b L
T 6XE) ICL Vs 1k, Bt/ h~

~

TV — R AT VEAN LT B LIC

T VA2 U7 «ARALE AR — (CV) %
FEh L, CO DIRICIGZ MR LT, fitld TREE
DFENLT 20 7 IEBM IS ZITV, N CV
TE&AT o 7o, [RIRFICEBAL S F OEH EMR (Ag
M E) (2 532nm O Nd:YAG L — W — % JR bt
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EEREE L C CCD 7 A 7 CHEIIL, Bk
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Fig. 2. Schematic view of in situ Raman

WA U2 % 15 oEEig LT, measurement system.

3. HREER

3 RJET CO MM . EIT 10 KT Tk %8 A
L7210k 272 o 72 CV JlE OFE R % Fig. 3 12T,
T LIZ CO, % & T [DEME] [NTf] 2 & A L7 E#IC,
CVHIEZETTH &, —24VIHTICE—27 RREBT=,
Z D% —2.4V TEEBENMNSISE 20 73170, CV ZJIE
T5E—04 VAHEOB{LE —7 PREL DTN
BRI, 22 FTITRELRETH =05 £
D% —0.4 V ONLE THW 20 5 EEBNMIGEITV,
CVZRELTE Z A, BiEEH S, -1.0V i
DFRVIEIL E— 7 BBl ST, e —727 LovEl
WSR2 o T2 D3, DF% 20 57-0.99V TiE BALE M
BTl 2 A, ZONY RNEET HREERNES
iz,
—HEDOBLACFIINNIBIT DT~ AT F L E
Fig. 4 \ZR$, HICIE, EENMNEMZ I 27225 FATOIR
RRCTHIE LT~ A7 L (BN R) &
DAY NVHBRRLTH D, -044V TOERTHE
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N S o

: before reactions

: amperometry at -2.44 V
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Fig. 3. Cyclic voltammogram of [DEME] [NTf]
under CO; pressure at 1.0 MPa.
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Fig. 4. Raman spectra during the reactions using
[DEME] [NTf;] at 1.0 MPa.
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% & [6]. IEIRBELMIO S K13 CO A Ag HAIC bridge BT L /\ :

INTEIOFERIC SV I CRET 5 TR ThD.

4. SEXM

721 D(Fig. 5(a)). ERENAIIE physiosorbed & 7225 X H I E L%

F(FigSOYNBHI SN B2 HID, COy EALE DN FES[P 3]

Fig. 5. Relation between Ag
electrode and CO (a) bridge, (b)
physiosorbed.
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Conductivity change of a redox-active ionic liquid crystal by phase
transition in solid/liquid crystal/isotropic liquid phases.
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Viologens are ionic compounds that exhibit reversible redox properties. By adjusting the length of
the alkyl side chains and using bis(trifluoromethanesulfonyl)imide as a counter anion, they form redox-
active ionic liquids. Redox-active ionic liquids can undergo electrode reactions without supporting
electrolytes and exhibit electron transport properties via intermolecular electron self-exchange reactions.
Owing to their rigid structure, viologens can also form redox-active ionic liquid crystals. Specifically,
the viologen compound [CsVC;][TFSI], (Figure 1) exhibits three phases—solid, liquid crystal, and
isotropic liquid—between 0 and 70 °C. In this study, we investigated the effect of phase transitions
between these states on the redox response and ionic conductivity, particularly in the context of
temperature-controlled phase transitions and their impact on electrical properties.

1. ¥#&

v a7 XA R R VR TR A R A A AT, 2 DT VX LD X
RFEHL, #tT7=ALE LTER(MN) IAA B AR L AVKR= ) A 2 REHANWD 2 LT, B
{EBITIEMEA A A RIRIZ 72 (1], BELETTIEMEA 4 IR, BEOA A8z k- T
KFRFEME O LICEMBICEED D Z ENTE, LI THE %%%ﬁm X 5E
T ORI LRI A A RS TH D, B AIiEREREGT D20, DRt
Ko TEFEA F U RIEDOMIZA F RIS 72D, FFIT Figure 1 IZRT B4 07 U ALEW
[CsVCA)[TFSI]2 1%, 0~70 “C i CREAR/MKASARAKFE D 3 IR BT 514 F kg Th 5,
ﬁﬁzyhm~wcioftﬁm#/mA%%m%%éﬁt EOMLIRITISE B RURENE
DAA »F 2 TIZHEN G 72D, AR TIE, [CsVCH[TFSI @ & DEMH/R e/ D 3
MRz 7= 228, BB LiE m%%4ﬁyﬁﬁﬁm&if%@Lowfw%ﬂmﬁéo

2. K8
v v 7 B T R [CsVCS)[TFST, % _
FETHRM L, FAEEEHBRNEDSC) & fls QoM Qg M
2 S8 CHIEBIRIE A el L7z, 4R L iidn CFs°l I°CFs CRy™Q 1°CFy
ORERNT, HRMIC L2 BELZRFART—Y
’ 4 \/\/\+ +/“/\/\/
A AVT X MIEHTHEE (XRD) 12k > CFH L N2 Wi

2o A2V w7 RAVEEST T A (CV) JIEIT

Fi 1. Struct f [CsVCH][TFSI]..
fov A 205 4 R T (B 10 pm) % {EF A, igure 1. Structure of [CsVCGITEST].
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A LB TERICEWVWTS LIEL I A il e L e
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Spin dynamics of a TEMPO derivative in cyclodextrin-based
deep eutectic ionic liquids
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Cyclodextrin (CD) is a cyclic oligoglucose with a hydrophobic cavity that can form host-guest
complexes by encapsulating insoluble molecules. Increasing the concentration of CD promotes the
complex formation. We focused on eutectic design to create a concentrated CD solution. Deep eutectic
solvents or deep eutectic ionic liquids (DEIL) are mixtures consisting of hydrogen donors and acceptors,
whose melting points are significantly lower than those of the component species. We created a CD-
based DEIL that remained in liquid at room temperature by mixing CD with 1-butyl-3-
methylimidazolium bromide. In this study, we investigated the host-guest interactions in CD-DEIL (a-,
B-, and y-CD) solutions using the nitroxide radical (TEMPONE) as a guest solute, employing electron
spin resonance (ESR) to analyze its spin dynamics in CD-DEIL. The rotational correlation times of
TEMPONE in the CD-DEILs were slower than those in a glucose-based DEIL, which has no inclusion
functionality, resulting from host-guest interactions.

1.#5

/a7 XA MY (CONINEICBKMEZAL A BT H8RIKOA Y I 7 va—AThbH, =
DBKVEZEFL, W CERAR 37 A N E LCagsn, RA RF R MNEREEKT S
ZEDNESN TV, CD OEENE T IVUZEWIE EAESERTERICAT TH 5120, Wi
%9 % CD OEiREAOFEFRBITERELFEL 705, £ 2 CHha L, ARG FIELH
b\“C CD D =R AL &2 7l AT

DR PRI R IEEA A A4 IR, DEIL) 1X, AKFERA KT —T7 7874 —%RETH 2L
T, HLWEESFETICL > THRHFORS LY &7 > ROV Z2 S OIRIKIREY D Z LT
bbb, EZ, TVFIAT =y b ay A e 7 a— L OREWITZ D L 9 72 DEIL
T 2 R A S DE ThH D, CD (A 300°CLL L) 132 oKIELZ AL THY,
INE I-TFN3-AFNAIFZY Y A7 R ((BMIM][Br], @i 81C) ZRATHZ &
T, CD TS\ Z=RIE TR D DEIL(CD-DEIL) Z/En5Z Lt Z /L, A1 34V U UL
BIZE DA A NBEELET D120, A A MEEECEEE CD 2SS AR A M- A &k
B ZAEN LT 7 r—a YisifFCE 5, LrL, CD-DEIL 25 EOFEEE DR A Mg
AL TWDD7», CD-DEIL OB FRI R MEIL L < 3o Ty,

% Z CAMZE T, CD-DEIL D& A M- A MEAEERIZOWTHET 5720, = hrf
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Fig. 1. Chemical structures of CDs, glucose, [BMIM][Br], and TEMPONE.
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Fig. 3. Relationship between correlation
time of TEMPONE in various DEILs and
viscosity divided by the temperature.
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Electrochemical and Structural Characteristics of Highly Concentrated
Acetonitrile-based Electrolytes at the Electrode/Electrolyte Interface
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We report the electrochemical and structural properties of highly concentrated LiFSA/acetonitrile (AN)
electrolytes for Li-ion batteries (LIBs), particularly focusing on the electrode/electrolyte interfaces. We
experimentally estimated the activation energy (E,) of the graphite electrode reaction in the LIFSA/AN
electrolytes to be E, = 44.4 kJ mol™', which was smaller than that in d conventional carbonate-based
dilute electrolytes. We performed all-atom molecular dynamics (MD) simulations for the system
composed of the concentrated AN electrolyte and a model anode to clarify the electrode interface
structures depending on the electrode charge (q). At ¢ = 0 (corresponding to no polarization), the AN
and FSA located at the primary layer, followed by the Li ions at the secondary layer in the electrode
interface. The interface structure clearly changed when negatively increased ¢ value; i.e., FSA anions
were liberated from the primary layer due to the electrostatic repulsion with negatively charged electrode
and then the Li ions alternatively approached to the anode nearest neighbor.

1.#E

757 7 A4 NABOBMBME S (Li A 42 OFNBEER) X, MR T ) e Th b
B R R T T L. FOEMBEI S OHGEBEFN T Li A 4 v OGRS 5 &
RSN TS Y, 4, LiHREZBIRE T BRI EMR (3 ~4 MARE) 2Kl
REBHMOAIRKICE T 2HHEMEMEILE L TRBELTETEY ., 2048 LW -
BRACERHEICEARE E o TS 3, L LA S, BSSRE & B3 5 B
O, FRIC, EBLIREE NI 2 B i COWEFR Li 4 4> OBENL (i) 2%
ENCOWTIIRIEATH 5, AMIETIE, HMe 0 F1EE 2 A7 % acetonitrile (AN) % Fhk
T HBBIEEMKEETLVRE LT, 777 74 MABICHT 2 ESLFLRER L 04
T4 FEEMD) Y R = L—3 g v &2 VT, BRI BT SRSk L O
A BN E O BGE R AT, BRSNS A T = X L E 1 LUV Tikam Lz,

2. EBR

PR 6.4 M LiFSA/AN &EfZ#E  (FSA: bis(fluorosulfonyl)amide, Li:AN = 1:1.2, by mol) (Z%f L
TREA VB —H U AZXRT MVOIRERGFNE (@0.1 Vs, LVLIY) ZHE L, EWEIS O
Pl F X — (E) ZRE LT GREMGR : 7T 7 7 A b, kMl - 20#8 : L), ST x—
X MR EEL (HEXTS@SPring-8, BLO4B2) 38X UMD v = L— 3 2 kv, Bk (1
7)) ROBEEEE DLV THIT LTc, 612, 79720 2ET7/VEmE L, Bt
M OAEIERNTIZ R L7z MD 21772 o 72, BMRER ¢ OFAEIITERMME YZHHA L, ¢ |
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Fig. 1 The density distribution functions p(r)
for (a) Li", (b) FSA™ and (c) AN near the
electrode/electrolyte interface in 6.4 M
LiFSA/AN electrolyte by MD simulations.
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electrode reaction mechanism in the 6.4 M
LiFSA/AN electrolyte.

124



P19

EEEMEEREEL LT
T RTE)FOLAANEE) A FOE Y U RRBDEKE

U= TR OMIIESE, —JImA
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Electrolytes as Solvents for Creating 1D Lithium Ion Conductors
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The development of electrolytes that have high lithium ion conductivity is important for
further improving the performance of lithium-ion batteries. In recent years, superconcentrated
electrolytes with high concentration of lithium salt dissolved in it have begun to attract attention
as excellent electrolytes. On the other hand, our laboratory has developed many amphiphilic
zwitterions that exhibit lyotropic liquid-crystalline phases containing water as a solvent. In this
study, we aimed to create nanostructured electrolytes by combining these amphiphilic

zwitterions and superconcentrated electrolytes.

1. #&& [Introduction]

UF 7 LA A BMOERDEMEELOTZDICIE, BV F U AL A 82 HT 5%
REOBBNEE TH D, IHF, KT F U LELE EREICER LT REERIE S BN TE
R U CHEE SNAH TV D, FEIZ, LITFSHIKICIEM ST & 25 °CLL ECHRE%E 20 M
FVELTHILENTED, ZOBE, SMETIIV T VAL AL OV ICHBAKBFEL, S
M BLEDREEZ /2 D LAY F U LA F UJEA0 B BRI U CRMEBNZIIRE B KD B
272D Z LW InoTnD, D —J, ZTNETURETIE, KZEEEE LTV A ey
R ABAH 2 FE B 2 MR E U A A 2% < BAZE L C& 7z, 2 Fixld. LITFSI ORIEKEK
UL U, MBI A A & A AR E S E D 2 E M TE LD TIERW M E B X T2,
Z ZCAMIZETIE, YATFEE TR S AV MBI A A2 & LiTFSI O JE /KK % AL 7
oW, 7/ MEEREORIRNE B LT,

2. EE& [Exper imental] 2 CsHy7

B2 T RV 7 B S A 2 PSC3S (Figure la)id, cwgz—mwws
20wt% D HTFSI KR EIREGTH Z LIk O~F Y I 7 b T?S
LF—HE RIS D T & BIATIIGE 2 & 0K LT\ 5, AR5 NN
3BT, LY LT 1,5, 10,20 M @ LiTFSI(Figure 1b)0 /K ¥ Fe ”Cﬁ
ATIE L. PBC3S L REA GRS D £ O RS L. e D pacse. il
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34558 & &2 [Results and Discussion]

P8C3S & 1,5,10,20M @ LiTFSI KR ARG L. ReatH 2 3BT 5 5% % POM Bl K
O XRD JIEIZ LV~ T=, #555% Table 1 1273, 7035, P8C3S/LITFSI A RIZIS 1T D IFIR
DEBYREGRR, KOBBENSFREEKELT D, LI, FREICBT 5RO POM
[H|{4% % Figure 2 |27,

Table 1. Moisture content and molar ratio of liquid crystalline expression at each concentration of LiTFSI solution

T = —
#EE Q) T\Lftﬁg E’w?&?; (P;Lé;bsl:[;k) (PSCD;é}:i?[T:FSI) itrin 1
1 10 7.78 12236 1:0.0426 Sm
5 60 24.6 1:16.9 1:1.52 Coly
10 10 2.58 1:0.785 1:0.141 Sm
20 10 1.48 1:0.451 1:0.162 Sm

+ 1 100 im P, Ve 100 pm o0
: & 7

Figure 2. POM images of liquid crystalline phases of P8C3S + LiTFSI solutions.
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Figure 3 {Z XRD #IED#RERZ7~7, Figure3 L9, 32D 3 dig
B E— 2 2RI D Z LT R, EREANF I TS \2‘ ‘/’ o
VBT AF—HIZE T B (100), (110), (200)E IIFE T = /
2o £72. SM UADRETIZTRXTARA T F v 7 FHOD
HEFEBLL, WA ZRBLT 2 5L S M I TR
<otz DL, BB LS OBV Z T, 2 4 6 8 10
LITFSUROEFE T 5 U 5 A A48 1 0 B iAo I
ﬂﬁliﬁﬁ‘ M Tﬁ%j( L 7L£ ) . 5M i) %)/);%}EZ)‘_I%J— < /IZD L containing 60wt% of 5 M LiTFSI

solution.
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Lithium ion dynamics in protic solvents were investigated using 'Li NMR spin-lattice (7)) relaxation
measurements. The obtained 7’ values suggested that lithium ion dynamics in protic solvents (water,
ethanol (EtOH), 2,2 2-trifluoroethanol (TFE), ethylene glycol (EG)) are faster in the order of water >
EtOH > EG > TFE. Molecular dynamics (MD) simulations revealed that the numbers of oxygen atoms
of anions interacting with lithium ions are smaller in the order of EG < water < EtOH < TFE. This
suggests that lithium ion-anion interactions are weaker in the order of water > EtOH > TFE, resulting

in faster motion of lithium ions in this order, except for EG.

1.#5
UF U LA EMOEMRINIARISENFEH I TS, L L, AHEEIT AT pAE
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TIFL A LR, ZZTAMETIE., 70 b HIEETICBITA ) F U LA 40 OEEN 2K
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2. B
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Controlling LCST-type phase transition behavior
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Cyclodextrins (CDs) are one of the representative host molecules that are used for host-guest chemistry.
CD can incorporate a variety of guest molecules. We have found that some of phosphonium-type ionic
liquids (ILs) show lower critical solution temperature (LCST) in water. Their phase transition
temperature can be controlled by changing the ion structures of ILs. In this study, we aim to control

LCST-type phase transition behavior using host-guest chemistry without changing the ion structures.

1. #%E

HRA M= A MU LK EREASCBOK MR AAER 72 & O IS5V AAERIC L - T, R A
Ny OWNEZERIZ S A RS, HERELIEKRT 285802 L Th 5 (Fig. 1), &
7BTXARNY ACD)EZ VT —AN a-1,4 fEG LIZERRA Y IfETHY, mA My EL
THEEET D REM R T Th D, CD ZAET 57 va—2A08n 6,7, 8 HOLDEENE
Na, f,y -CD ERFOY, R—F YD X 5 RAIRONEZERNZF A My 20 iATeZ E N TE
%o RARN-F A2 MNEEKRDOIERIZIZHEA N ET A NOMBAEDOENREETHY , KA Ny T
DOWNEZER & 7 A N FOIROMRIMERCHR A M2 NEHE/ERANEE ChH S, = ORI
ZIED L, AA M= A2 MEFBIZRLCIE 7 CIRIAWGE TEbh T b,

S+ 00—

Host Guest Complex

a-cyclodextrin

Fig. 1 A schematic image of host-guest complex formation.

B HTROIR AR =0 LFRIA F AT, K T T BRER SR BEIRE (LCST) AR 55 ) &
TR ENSDo TWAN MHEEBIEEIIR AR AT FF DT AFAHEOESIRLT =
FUFROBER A CIT X0 A A ARIROBKVEIBKNED T V2% B2 52 L THETS 2
EMTEBE, L, A AU #EEE 2D Z L TEOMOMNE S EALT 5 ATREMESS, BAAEE
A DR AHEBIREREIIA S TR, Z0d, 44U G2 AT+ 5UNAOTET
FHERRSIRE 2 3 D AN A EE Tl eV e B 2 72,

ARFGE CIIARELREIRE 2 I D8 7= 72 Hik e LTHRA M= A2 MEERIGHTE 50T
IX7e s L EH L7z, LCST MM A8 2 ~m T RN A TV RIED 1 2 Th D
[Paaas] [TsO)P' 2 FHVN, CD I K 0 A A L ARAKIKIE A R DA SR8 S 2 0T 2 i< 7=,
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2. EER

[Paaaa] [TsO)(Fig.2) & BEHRIZHE > THAK L7, [Pasad] [TsO] 2 7K EIRIFI L | @g

[P4444] [TsO]/7KIEA R Z T LT, Z OIRBIRIZ, B2 72 R 5 L9 MPM@
Za-CD Mz 7o, 15 ONTRAKEKD LCST FHER 28 4 Zr i R
FICLVFHE L7, £7-. 'HNMR #HIE, 1DNOESY HIE LT\, WK S0y

FCOEEHEBIRR A h—4 2 MEIA RISV TEE LT, e 2 Suwcture of
[P4444] [TSO] .

3. R EER
[Pa4aa] [TSONZ X} T~ D a-CD DFE/LEEDS 0.01~0.1 (12725 L
D IRARIWREER L, 26 OFmEROIR L2k 2 H
ET D LT, LCST MAREARR L 27 ~72, o-CD i
FERE ROV, HEEBIRENS LA 2 &30
MY RO a-CD I K FHEBIRE 2 RiEICAE XD Z
EINHRETH D Z & oy no 1=(Fig. 3),

FEUN T a-CD % 5 12| Paaas] [TsO)/ZKIREHRIZHKT LT 'H
NMR JITEZ4T 572, —AIIZ oa-CD WEBICAT H 2D 7 IERRN

A NS TARAEENSD L, o CD ORMICREL TS 9 ﬁﬁ%ﬁwﬁd%ﬁ s
H3 & HS \CHKRTH U7 nE@hilsz 7 b3 52 & Fig. 3 Temperature dependence of the
PR B AL TN BH AHIFZE T [Pagas] [TsO] DFNN AL transmittance of the aqueous solu.tion
CD & H3 & H5 OERES S 7 F SHER S 7. oCD I of [P4444][TsO] containing various

amount of a-CD.
(2 [Pasaa] [TSO] D EHE ST & & 2 L5 (Fig. 4).
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WEZEIT-T2, ZOWETIEHL 71 b ZE L7 | ecp
BRIZ, Fo7a by b ZERBNEVMLE(6A LIP)IZAT I
TELTWA 7 RO NOE M SN DT, DT V| Iy
2k URESEEL TS ONHND Z e R TE 5, (Rieol
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AW TIET =4 DAF VI, BFA DT LF v ppm

KO AFAKD T 1 b mZ A ERICEE L Fig 4 H NMR specira of a-
. _ L CD/[P4444] [ TsO]/water mixtures.
THIEZITV, a-CD ONENIALE L TW5 H3 & HS O
7'a b OMBEERANT, FORER, DTFFUDOTARAKED AFAEOT a kv E)
X THELEZROSFN, T=4r07a b aifie L7zF & T, a-CD ® H3 & H5
& D NOE ZHHEICEIIIT 5 Z LD TET, [Puss] [TSO]D T FF 278 0-CD WERICEE SN D
ZENTgMmoTl,
PLEDFERI G LCST 27 A 4 U RIEIKIEERIC CD x5 Z & T, ARA M7 A |
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Phase behavior and aluminum speciation for mixtures for
amides and carbamides with aluminum chloride
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A non-aqueous electrolytic bath capable of electrodeposition at room temperature has been developed
because the deposition potential of aluminum is lower than the decomposition potential of water. Binary
mixtures in which an excess amount of AICI; is mixed with acetamide or urea remain liquid state at
room temperature, and Al electrodeposition occurs at room temperature. Although these mixtures have
been called as solvate ionic liquids or deep eutectic solvents, their detailed thermophysical properties
are unknown. In this study, we investigated the phase behavior of acetamide or urea and AICl; mixtures
and performed ’Al NMR speciation analysis, aiming to clarify the origin of these mixtures being liquid

at room temperature and the molecular factors in room temperature Al electrodeposition.

1. %8

TN =y LONHEMIIKOSFEMN LY BCch b, = CEITAIRE R IEK R EA D
WHFEED b T 5, WHREIR Al EFfEMK & L TP 27 7 4 A(CH;0(CH.CH20),CH3)
R, - T TFrT 7 b UERERE UTDBREERERENRES N TS, D EE TR NT
I F (AA) ®IKFE (Ur) 1T AICL 2EEEAEF T 5 R IEERCRIETH Y, Al &
MOBERTEE 5, B 2o DIREVITEENA 4 ik (SIL). RILENALE (DES) &I
NT03b0D, ZOHKSC AP OBRTFIRELSAHTH 5, KWFFETlE, b DRAEYH
FR TR TH ZIRFECLER A BHOD TRNEREZHL 2T 22 2HIEL. 7Y
ML I8 I FHEE AICKLIRS %@*ﬁéiﬂ%‘*«\‘ YAINMR 22 T—3 a Y17 - 72,

2. EX

BEEHIE (TG) I Rigaku TG-DTA8122 Thermo plus EVO2, /R7ZEEREE (DSC)IE
Rigaku DSC vesta Thermo plus EVO2 # 7=, EH 5 6 FIEHEE X 5 K/min, Ar &% FT
ME L7z, F7=. 27AINMR (& Bruker 400 MHz % FH\CHIE L7,
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%, AICl & AA X° Ur L DIREMIL., H T AEBO
H 7 LTt b3, SIL ° DES &R RS HEERZR~d, bhvbhii, ZhbEAME
7T A RIRIRFEMFE (GLE) &MESRE P RRERE LB X TV D,

TR O W —HIPEIC D < BEELRFE FAT 13, (DTS NLD,

RT,,?
~AH
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Phase separation of magnetic ionic liquids with
asymmetric cationic gemini surfactants in water
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Surfactants with hydrophilic and hydrophobic groups in their molecules aggregate in aqueous solution

to spontaneously form molecular aggregates such as micelles and vesicles. Therefore, dissolve

substances can be dispersed in water by being incorporated within molecular assemblies. Stimuli-

responsive surfactants that change their physical properties according to external stimuli such as light,

temperature, and pH have been reported. However, there are concerns about the effects of shielding

materials such as paper and skin. So, we focused on magnetic fields. In this study, 14 paramagnetic

surfactants were synthesized from cationic gemini surfactants and iron(Ill) chloride. Their magnetic

field response and behavior of these surfactants in aqueous solution were investigated.

1. 188
S PN EKIE L B B2 9 2 R mis AN, KK Ci2Has CnHans1
FTRELTIEARNT I AR EDy TEAERE BHRIY rL"—(CHz)S—rL"
WA 5. ZOT, HEEWE 2 S FEORRRY A S HCT ] | cHs
L CKICHEMRTE 2, ZHE CEAIR L DN THh TR~ HsC CHa oxm

DI H 75: HHENZ, JE° pH 7o & OSMERRIE T4 2 il
%ZP/\E}Z&%T%K”) L2rL. 2 b DA
I i"ﬂ&%ﬂifg &V TS K DB RRE SN D,

AT RE

C12'S'Cn 2X
(X = Br, FeCl3Br)

Figure 1. Structure of cationic
gemini surfactant.

% 2T, BB ESRRITT & Uiz iﬁ%ﬂﬁﬂ TER LTz, W%

WD Z & T, BIED DD T S 0e<0 KA ik HH %
FIHTE D 2 ERHIRFSND, o, KK DRESGIRE
PSR EVE A 2 3B rTRE & Ze Ui, fHBHA~DOERRIZ b
M TE 5, ABIETIR, By = I =80 F 4 R
TEMER] (Cra-s-C, 2Br. n=5-11, s=2, 3. Figure 1) |Z7fhs

ez £ 5 L7c 14 FOEOBIGINE TR G EA] (Cio-s-Cy Figure 2. Magnetic ionic liquids
2FeCLBr, Figure 1) Z&RL. 6O REEIER O (Ciz-3-Co 2FeCliBr). (a) without

magnet field. (b) with magnet

IR F X OVKIRIE T TOZEENC W TR LT, field.
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FEXIFR Y = X = F A U EIEMER] Cro-s-C, 2Br 1FBEHICHEV 2 BERE TR L 3, &
12, Ci-s-C, 2Br EHALER(I) 2T/ VRET D 2 & CTRGINEMNY = I =80 F4 2 fmis
Pl Cio-s-C, 2FeCliBr 245372, Ciz-s-C, 2Br (30K ('H-NMR) (ZX W EE L, Ciz-s-Cy
2FeCl:Br (384 Al 853 15 (UV-Vis) T FHE 2 il L 7o, Cia-s-C, 2FeCl:Br ORI E M
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2FeCliBr DOEIFIKERIR 2 FIV TR, — K HRIZ B\ CHR-IRAE 0 BE DS 7B S LT 720,

FRE THOBFRELTM L, SHOMERCIRE T D2 REE (b 2Bl L,

SIERLEERE

WESR I MY = 2 =R F A o FUEEER B et & R
L. 100 °CLLFICREAREZA T HA4 A iR TH -7 (Figure
2), 72T, Cpp-3-Cs 2FeClLBr 23 bRVl &2 7R LT,
RALEOHB & LT, A4 BRI L 5o R ¥
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AT ZEICELTIE, 77 T AT — VAT L DG
{bIREZ i, n=8fHETA A LM EFHHENANED S
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T e SR TS MER C12-2-C 1y 2FeCl:Br D BIFI/K IR I
FEZ I A~BOOBEBHRETH S 12D, ReIZHE
L. —OOWFIZsEE L7= (Figure 3(a)-(c)), Figure3(b)% %
S THRIAREE CHIZT 5 &L 10~50 pm DO BRIk 23 258
g3 n7- (Figured), L7=28> T, EFITEEIRIEFETH D |
THIZa T EARX—METHL SN D, £/, BHEE
THIZV—F =283 5L, EHTET X ABLRN A
A=, FHIXEE L7z (Figure3(d)(e) . Zh kv, EMH
TIEIBAZEAL, THTIEAR DREEDO 2721
R—=FZFERLTND I ENBLLND, HHTBER DK
WRICR AV BAZEST 5L, THAMRILE (Figure
3) L2 endd, BHEAREERIBAVM, THNEE
Rar7 N R—= K MATHDLZ ENREBINS, RIZ, Ch-2-
Cio 2FeClsBr 3 KUY C12-2-Cy; 2FeCliBr faFI/KIRIR DIRE %
AL ST, ZORE, BN X > TEY BNEL, %
FIIWEANC K- THBT L2 L 2R LT,
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Figure 3. Coacervation of Cj»-2-
Ci1 2FeCl:Br aqueous solution.
(a) after preparation. (b) after 20
minutes. (c) after 42 hours. (d)
irradiate upper phase with a
laser. (e) irradiate lower phase
with a laser. (f) apply magnet
field.

100 um
Em———
Figure 4. Difterential
interference photomicrograph of
coacervates  formed  from
Ci2-2-Ci1 2FeCl:Br aqueous
solutions.
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Temperature dependence of photoluminescence property of
phosphonium ionic liquids
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Phosphonium-based ionic liquid -trihexyltetradecylphosphonium([Pis4.666]2) [MnBrs] series -
were newly synthesized. The volume of prepeak derived from nanostructure was increased
upon heating by using small-angle x-ray scattering. It was shown that the photoluminescent
intensity gradually increased upon heating until 403K. It increased approximately 4-fold,
compared to PL intensity at 303K. It was found that the PL intensity increased in conjunction

with increasing volume of nanostructure.

1.%%&

A AR E DT8O RIE, AHEERE N 7 ) » RMEI DB TR FIE SN TN D, 7
=T Mn SERE WA A 7 ) > RROA A UL, 7% 7 A REERS Pb
FERDOAERIZ LA R T D EMEN 2V E W o 2 LA DIFZE S TV B [T, 2],
Lr L. 3001 Mn 50K -Mn SERERRAES Mn 85RO BB BEIC KR E < B E2 2T 5720, [EHE
—[EFRER RSO [E A AR RS T T DS B D,

FUANFINT FTTUNRAR=T LR ([Puel ) A A RIKITT /EEAETHZ L
DL X BUNIBELE D FE R 2 b= a ik, BHENIENTWS[3-5], HiZ,
SR (~400K) @R T, 20T EOEEIENT 2 Z & 3wE S Tw 5 [3-5],

AWFFETIX, A A ARED T/ i & FIRRFE O/ & ORI OB X 2 96 ED
BACIZHE B U, WIRIRBE T F ) i 2 FF D BIRA A VIR [P ess] H T4 & REEIRT =
A (MnBry) Z3E A2 Z L2 X0 | RIRIRREETHOET 28O A A kiikE o< B & & biT,
Z OHCRFME O AR AT 2 3R~ T2,

2. RER

[Pisess] [Br] & MnBry « 4H.0 2R, EZEeE CHLK U, [P ess2 [MnBryl+ X[Pi4 e66) [Br]
(X=0,1/2,1,2,4) ¥ L=, T b ORE Z @0 N ER TEYE -« i A7 ML LT
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Fig.1. Photoluninescence (PL) spectra of [P14.666]2[ MnBrs]+
2[P14.666][Br]
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Fig.2. Temperature dependence of PL spectra of

[P14.6662[MnBrs]+2[P14.666] [ Br]
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Effects of solvent viscosity and anion dependent solvation on the Z-E
isomerization of imidazolium cations with phenylazo group
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To develop photochromic ionic liquids, we studied thermal isomerization reaction of 2-
phenylazo-1,3-dimethylimidazolium (2PAdmim") by means of UV-vis absorption
spectroscopy. This imidazolium cation is characterized by phenylazo substituent at C2
position and the lowest energy structure is E-form. To understand unimolecular thermal
isomerization mechanism of 2PAdmim", we examined solution samples in imidazolium-based
ionic liquids with different anions. Temporal evolutions of absorbance change were monitored
at 358 nm nn* band after Z-form was generated by UV irradiation of E-form solution. The
thermal isomerization rate constants were determined from a linear analysis of the logarithm
of 358 nm absorbance change for various temperatures from 20°C to 60°C. The results show
that the rate increases with raising temperature. It was also found that the rate changes largely

depending on the anion component of solvent ionic liquids.

1.#&8

A T IR ORERRA A NS EEEREN A ST
HLDIE, 7+ MR IXLERTIERDHD, TNET,
TYRE DTV LT AT U P00

KA B OLDON T+ hra Iy 7 A F RIS LTHE W,wm
ENTND, YHFFRETIZ, A IF Y VT ABFF TN [\ﬂ\

JISEMED 7 = =T ) FhA B N LTz, 2-phenylazo-1-methyl-
3-alkyl-imidazolium (2PARmim", R=alkyl)Z BHF L Tk 1 |
alkyl 2\ hexyl b Db DN T = A OFFAIZ L > TEI=RNETRIETH DL Z L &
HELTWD DY, ZOT7 YV ERA A RKOT + Fru I AL, RRT V5
R FOEE LR | BEMACBOSEENE S . #HEN RO EET 2 Y, Fxld
Z OFRHEADIRIN AR5 72, 2PARmim" O HE K % H T 2PARmim .y T
DOEBMESOCHE O 2 B3, MR RSFIIE, 7== VT VBRI FF D
7'vm F A 7L LT alkyl 275 methyl Tdh % 2PAdmim™ (Fig.1)Z HV 7o,

T LG OBEMAC USRI TR R THON TR Y | 7 = = /LD NN &

Fia.1 Structural formula of 2PAdmim*
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HTEWTND, TLr=UA7 1y MrOiEE

bR F—(T 72+ 8kI/mol &KF V| BN S I AR
(VI e 1 X inversion (2 BRIRIEY & R L 72 9, s mn()'moo PR ———
Fig.3 1. B2 5T =42 OA F Ric s+ pme /s

Fig.2 Time profiles of the absorbance difference (4e-4:) of

BEBREIR T, A A AR OPBAEALSCEE o niCminITN
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SOGHRE &R b 3L ¥ — %7k L, 2PAdmim*
DAFNMEACERE I SOV Tiim T 5,
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Effects of addition of inorganic salts on ionic liquid/water mixed systems
exhibiting lower critical solution temperature

(LCST) type phase transitions

Mizuki Yamakawa, Takumi Takahashi, Masaki Tanaka, Takahiro Ichikawa, Nobuhumi Nakamura*

Department of Biotechnology and Life Science and Functional Ionic Liquid Laboratories,
Tokyo University of Agriculture and Technology

*E-mail: nobul @cc.tuat.ac.jp

Mixed entropy batteries (MEBs) that can generate electricity using differences in salt concentration have
been reported. As one method of generating the difference in salt concentration, we focused on the lower
critical solution temperature (LCST) type phase transition in mixed systems of ionic liquids and water.
In our previous research, we discovered tetrabutylphosphonium p-toluenesulfonate ([Passs][ TsO])/water
mixture with inorganic salts (lithium chloride) exhibiting an LCST type phase transition. We succeeded
in generating electricity using this mixture as an electrolyte. However, the actual change in lithium ion
and chloride ion concentrations before and after the phase transition is not clear. In this study, we
measured the concentration of each ion in the entire system during miscibility and in the upper and lower
layers during phase separation. Furthermore, more lithium chloride was added to the system, and
changes in the concentration of each ion in the system and phase transition temperature were
investigated.

1. #E8
ReTr hre—dE (MEB) Lo | HERE %2 F)
MUBENZEGT DEETIENRE SN TS D, Fx

VX, A A RO TR T IR S A AREE (LCST) AU AHER

B B L IREZGICIE D IR L » THRIRE AL ~o~URTTS

AL SH, MEB ICHIAT 22 & 2MmFt Lz, ZiLET

® Hf %8 T . tetrabutylphosphonium p-toluenesulfonate SOy

([P4444][TsO]) (Fig. 1) //KiREFHS LCST BUAHERS 27" §-

ZENHBIVTED | [Pausu][TsO] & K DIRE W EfTHH Fig. 1 Structure of [P444][TsO].

& L TV F s (LC) &ML

[Paasa] [TSOVLICIUKIE IR & % & BAREIZ AV MEB T T o0

DIBICKII LTS (Fig.2) 2, Z OF% TIIFAL B . f

D7k rich J& (FJ@) 1 LiCl AR nd Z & Z2FA L @

TREET> TR, HBEBICED Y Frar4y G508 g
(Li") . HA 4> (C1) OREELOFEHIZONT Charging Discharging <"

T L NZ > TN Tz, £ 2 TARIFZE TR E T,
Z DR OMITHERT ORI, FHBER O BE, TEICE

T DEA A OB AT, £72, LiCl ORIN&E %1

Fig. 2 Power generation in MEB
using [P4444][TsO]/LiCl aqueous
mixture as an electrolyte.
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RN TR, AR N E D X 5 I LT D0, EBEOA U O/EN ED L 5 I2&1 b
T DTz,
2. EEBR

[P44as][TsO] & 7K % 500mg : 500 mg TiREe L7 RIZx L, £HZ4 0.5mmol, 1.0mmol, 1.5
mmol, 2.0 mmol, 2.5mmol ® LiCl Z{RM L7=5t 5OV 7V ERE L=, 3 5 0 EH
ZRAWEBEGCHEICEY ., AT FIVOMEBIEE 23 Lz, & 52, MHEERTo
DVRIR, FE B O EJE. TRBIZIT D [Paas]™, [TsO], Lit, CIOPREIZOWT, L4 'H-
NMR, "Li-NMR, Mohr {£EI(Z & B EBSHT 21T > 7=,
[Pasas]’. [TsO]T DIEJEDORIE HNAEMEME & LT~ LA VE%Z AT 'HINMR #IZE L., &Eo
[Pasaa]". [TsO] D ET/VIRE 2R L7z,
LiEEOHE 1.0, 2.0, 3.0, 4.0, 5.0M ® LiCl KIFiEZFE L, Li-NMR HIE 21TV,
BRAEER LT, MERZAWTEEO LitOoE&E VIREZHH L,
CHEEOHEIE (Mohr ¥£)  $ o7V AIKIZED L, KoCrOs Z M2 72, 0.1 M @D AgNO; %
T L7, AgCrOs OFREEILENE Uil T, 2 7 VO CHEAT AgCl O A bk
ELTHTHLZLD EUE L, AgNOs DUSIENLAEO CroE &E/VIRE 2 HH LT,
3. HEREBE

Fig. 3 |Z[Passs][TsO)KIEEWIZ 0.5 mmol D

LiCl L7232 (BEIZKILTWAER) 1T 4 [ [
F51F B[Paas]*. [TsO]. Li*. CIOFISBIERTTHE D ng@l'
FE A B U iR A RS, Y BES [Pasa]” . = or

[TsSOTDIFEIX T LY LD FRE, —HT
Li*, ClOEEZ LB LY FTROGNENZ En
RSz, ZORERNG | FHBER O B X 0 FE
SBERT ORISR DO ITH Lit, CHEE T EmWZ &8
IREN, BEENEEICHEELTNDZ EMNH
HMIZ7e o7z, Fig. 4 IZ EREORICHZ T,

[Passa][TSOYKIEEIZ 1.0 mmol, 1.5 mmol, 2.0 [19- 3 Molalities of [Passs]”, [TSOJ, Li* and
mmol, 2.5mmol @ LiCl Z iR L7= % IZBIT 5% CIin the entire system, upper layer,

-

lon concentrations (mol kg™)
o N
o m v Owa b oo

) Upper layer Lower layer Entire system

P2 N O ARG R % 24 L 7= 56 5 % 1. and lower layer of [Pa44][TsO]/water
LiCl OURIMEHINIC - T, s g F  Mixture with 0.5 mmol LICI.
T5HZEIRENT, ZAUE, W L7z LiCl (% ST

FEHE) DA FAZ KV | [Paaas][TSO] D B AKF 23 5ol

EURA L o b L BB, BHER  8,]  ° .
FRDOZFENTH D Z ENERINT Y, BE, < o
[Pausa][TSOV/KIEAMIIZ LiCl % 1.0, 1.5, 2.0, 2.5 §” *
mmol M2 72ROV T, FHATBlERT O 21RE . 8 EZO'

DB O BB, TROKHEA 4 REDE &Y 10-

MaiTo T, MEEHE X, LiCl OUhnE ol , , , : ,
CIREAORERETT 5, %L, &b L', o 05 1 18 2 28

Amount of added LiCl (mmol)

CIOWREANPRKEL 2D RaFR- L, MEB O
R I C MEB OFHli 217 5 PETH 5,
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Fig. 4 Phase transition temperatures of
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Hydrophilic Substituent Effects of Cation on Phase Behavior of
Imidazolium-based Ionic Liquid + Phosphonium-based Ionic Liquid
Mixtures

Shota Yuki, Takuya Shimomura
Graduate School of Engineering, Muroran Institute of Technology
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We investigated hydrophilic substituent effects of imidazolium cation on phase behavior of
imidazolium-based ionic liquid (IL) + phosphonium-based IL mixtures with a common anion. The
phase separation temperatures of IL+IL mixtures with a cation containing a hydrophilic group (cyano
or hydroxy group) are drastically higher than those with an alkyl group. Moreover, the phase
separation temperatures of IL+IL mixtures with a cyano group are higher than those with a hydroxy
group. These results show that the phase behavior of IL+IL mixtures with a common anion is

drastically affected by the functional group of the cation.

1.#&8

WtgE = Cld, M7 =4 v & L T bis(trifluoromethanesulfonyl)amide ([TFSA]) (Fig.1)% H
T34 I8V Y LFRAF VKAL) R 2R =Y L% IL BAY OO BEESNIC O WTIH S
PICLCE . TNE CORERRD S, ILHL BRAYOHSEHRIL XA I £V ) v ah T4
VOTLFNHERS T2 EEAARY, FAFTZVLAFAVOTAFAHERST 2L E
(BT eBbhroTwal ZoZ bid, IL OBUKMEA ILHIL AV O 2R8I
FHZTWEZERRLTWS, ERRIC, #HAkIETH2-0H % D 1-(2-hydroxyethyl)-3-
methylimidazolium ([C;OHmim]") (Fig.1)Z #7154 v & L CHT % IL TH 5[C,OHmim][TFSA]
&, trihexyltetradecylphosphonium ([Psssia]”) (Fig.1)% H F4 v & T2 - A F =7 L% IL DRA
Y1 ([C;OHmim][TFSA](1)+[Pees14][TESAI(2)) 1%, FHAKFE % b 72 72 \» 1,3-dimethylimidazolium
(CmimNZ &L AL EBAY L D D EFL CEOHDBEREZ /R L7z, LA LAY, AF4
v DFUKEED ILAHIL IBEV O EERENC &0 X 5 B s B XIT T2 IO 21> T
T\, ZTCARME T, BKEEA I XV VT LAFAVICEALRZIL &, [Pessis] £ V5
WT L F IV THERIN TV EHRRAF=Y L AFA Y ([Poumm]’, m, 12 TAFNKBEE)E DD

2 (o] - o]
/\/OH \\ N /\/CN QI_ \\/N\//
NN NON R, |Z R FsC/S\\O O//S\. o5,
2
[C,OHmMim]* [C,CNmim]* Pommid” [TFSA]

Fig.1 Structures of [C2OHmim]", [C2CNmim]", [Pumm]" and [TFSAT.
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IL DRAYITH 5 [CoRmim][TFSAJ(1) (R & EHAEL) [P ] [TFSA](2) D HH 73 BlEHLE %2 HI7E L,
N F A v OEHILD ILHL BAVOMS S~ LT ELHO It T2 2 2 HIWE
L7, BUKEEZHET 24 IXY )Y LhF A+ vEeELT[COHmm]", 1-(2-cyanoethyl)-3-
methylimidazolium ([C;CNmim]") (Fig.1) % > 7=,
2. FEREEE

HIE L7z ILHL BRAY oM HERE %, A IX V)V TV LARILOEALGE yTTry b LT
% Fig2 ISR~ 9. Fig2 76, BAEYOHZHERE 1Z[C;0Hmim]*, [C;CNmim]"'&H b D%
WKEDTH [P DT NVFAEEHIMICE DR WELS R EBbro7. IHIC, B
7= M BEREE 2 H X O 5 b m A EERE ©H 5 _LEER ARSI Tc ZKD 7=, KD/
TcRFTAKRZY LAFA VDT AFNRFETT ey b LK% Figl3 Ind, kD 72
BUKIEE % R 72 72 W [Cimim][TFSATH[Pomn [ TESATRR G D Tc b Fig3 ic 7’ v v + L7z, Fig3 75>
5 , B oKk E % F + 2% [COHmim][TFSAJ+[P..J[TFSA] & & ¥ &
[C;CNmim][TFSA]+HPm][TESA] IR & W © Tc 13, B Kk B %2 & 72 & v
[Cimim][TFSATHPmm ] [TFSATEAY) & FIBR I [Ppni]” D T 2V F OV ERFEIENNC & b 72 o TER
I LR T2 e nbdo7. 7, [C:CNmim]" > [C;OHmim]" > [Cimim] D JIHIC IL+IL B &
VD Tl rorz. bz ehb, HkEEZETEA4 ILY ) 7 LR ILHR AR ‘7L\
% IL IBAY O EEEEY S & 2R = WAjaryk/@%wwvié@wE%:xbm &L, Bk
BaFl R B L THMBERE SR W2 3 br o Tz,

500 T T 500 [P44‘;4B]+V[P44ﬁ10]i[P44?112]i[P44?114]+'[P44?‘»16]+: . [P66?14]+
[ one phase r
450 + 450
=<400 - ¥ 400
;350 V * = 350 ’
e |
b preg | & [cionminT'| |
300 300+ 8 [C,OHmIim] ™| |
I » e [C;mim]*
X . ) ) ) 250 n n | n | n | n | n |
250 ‘ ‘ 20 22 24 26 28 30 32
number of alkyl carbons of phosphonium cation
500 T T T T T T T T '(b)
0 [ one phase 1 Fig3 Tc for imidazolium-based IL +
450 | .
Lo [Pasasd ] phosphonium-based IL mixtures with [TFSA]
400 |-|© [Pagard” - .
X | |© [Pasad’ | against the number of alkyl carbons of
}_
350 ] phosphonium cation.
ool //O/()——O—()\C%a
F two phase 1
L Il L Il L Il L Il L
250O 0.2 0.4 0.6 0.8 1
X1
Fig.2 Phase diagrams of  Reference

(a):[C2OHmim][TFSA]+[Ppmm][TFSA]  and
(b):[C2CNmim][TFSA]+[Pmm] [TFSA]
mixtures.

[1]T. Shimomura et al., J. Chem. Eng. Data,
2018, 63, 402-408.
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Cation-anion interactions of imidazolium-based ionic liquids in alcohol

Manaka Chokushigawara, Takuya Shimomura
Graduate School of Engineering, Muroran Institute of Technology

t-shimo@ muroran-it.ac.jp

Cation-anion interactions of imidazolium-based ionic liquids (ILs) in ethanol (EtOH), trifluoroethanol
(TFE), 2- propanol (IPA) and Hexafluoro-2-propanol (HFIP) were investigated using NMR techniques
and MD simulations. NMR measurements suggested that cation-anion interactions of ILs are almost
dissociated in TFE and HFIP at higher alcohol mole fractions, but not in EtOH and IPA. MD
simulations revealed that the coordination numbers of the hydrogen atom (H2) of imidazolium cation
with anions in TFE and HFIP are smaller than those in EtOH and IPA. These results suggested that
cation-anion interactions of imidazolium-based ILs are more dissociated in TFE and HFIP than in
EtOH and IPA.

1.#&E

— AT, RRPEOEUVEEHIIER A R AT 2 LN TE L7, WO THLHA 4
wiEEH LIRS D, EBRIZ, EREWT b7 va— L Tho M) Irtuxy ) —)u
(TFE)iZ, A A K TdH % 1-methyl-3-propylimidazolium tetrafluoroborate ([Csmim][BF4]) & /-
DEETRATD. L LARNns, IENiET v a—1LTh b # /) —/L(EtOH)IE[Csmim][BF,]
CEBEOEETRATTHIMT 2 ZERNbr> TS V. 2k, Tba—/LOERMED
EWNA A RIET DD F A 7 =4 L OROMAEERICHELZBIIELTWDH DL
BEZDND. R TIE, TAIZ— O A ABRMEENA IF VY T LRA T RIED I F
F o =T = F R EER~BRIETRELRA LN T L2 AL L

2.5E8%

A A AREIE S T4 > % [Cmim] (Fig. DIZEE L, 7 =4 U IX[BF], [BF &LV &L AHH
MO O [Br] (bromide) &, HEEEM: DR [TFSAT (bis(trifluoromethanesulfonyl)amide) > = fi%H %
iz, 7w a— VTR OV A At DR 72 % & O(TFE, EtOH, 2-7' 1 /3 ) — L(IPA, ~~
XY 7 Ftn2-7rR ) —/LHFIP)Z W=, Zh b ZFEOA F ks & MEEO 7 1 2
— N EZNENRG L CURREZRR L=, hF4r — 7 =4 HOMEER O &2 819
D12 OIIRA LIRIRICH LT 'H NMR A2 MV ERIE Lz, £72, X0 e
DOEAC RIS DT DI FENTFEMD)Y R 2 b—Ya v &frolz. hF 4 —T =4 M
FIEAEROBINE, [Cmim]'OF Tl b7 =4 LM< HAEEAT 2 KER T H2 ICEFH L
7o. F£72, [Csmim][BF4]5% OFE53 BT 2 GaPH O RIE AT > TV
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JAERLER %10-0‘.“_“* T @ [Br]+EtOH
1 JORS £ 98¢ s A [BI]+TFE
H2 @ 'H NMR b3 7 MEZT Lva—LOEL & 96 F ‘Ag 8 [Bsen
BH@)TTE Y FUERE Figl loRT. Figl 7+ 2 93F 2 &, o reabton
- 2a s o S 9.0 '_\N®N/\/ B [TFSAJ+IPA
%, Xal i%‘ﬁﬂk}: %)foib\1lﬁ%‘~/7 }‘f@:ﬁ)%’ﬂﬁ LT é 88 3 \_j N 8 glﬁsﬁ]gtgﬂp
HILBDNL. UL, TAa—AMcE s S 86k 008 A fer.J+TeE
RN - c 8488888844 240 e
BN TF A —T =AM AEERNZELL TV s 8.2 %
BIrEAELTNG, E, wz 095wy, 2830
TFE, HFIP ZOAb¥y 7 MEET =4 v offkElc 0 QZQiOﬁOB 1

|
L H5PFIEVMEA R LT-. —J7C EtOH, IPA 201k HgL'HNmz&mmlmmofm

in

imidazolium-based ionic liquids + alcohol solutions

FUT MERT =A  OFEFIC K> TRARDMEE 452 function of xy.

AU, Zhi, 7o b7 a—LThD TFE R m@'A“"'“_?'O“é"'
HFIP " CIEhF A — T =4 MM AAER % 1% %wf & I g'
BisoencEd, nFbveT=dram o s 10 o]
. X . . .. & 4o} TFEsystem | | EtOH system
T BOH S IPA T A 27 = 2y e 8] | o 3
SERITIIFEE L 72 L BRI L TN D, © 20 3 EBr]‘gTFE ‘2 - 8%'?5%]/:]?8&4 |
HFFr —T =F B ENER %2 L 0 SR % .0.2.0.4X.a|0.6.0.8. 10 '0.2'0.4X;Io.6'o.8' 1
BT 572012, MD I a2 lb—va rOfERND 10«?'9"""'.?'5"5""
=3 n 4 L _
H2 \ZHEER L TWD T =4 O % FEHE BT §%. ¢ Il g
F(CN)E LTk, CN A (CN/CNox100 %) & L ;“?mm t :i nm %
L m L i
THMEL 7 2y b LERE Fig 2 1R, 22 2 7 . e
T, ON HI8E 0 ITiE S <R B A Ao iethoh 74 O 2 § B R T

L LT =AU S - L &R LTV, Fig2 0 02040608 10 0204 0608 1

X X
7385, HFIP Z4K< SREOR T xg BN & Fig. 2. Coordination number ratios of H2 with anions
’ T * in imidazolium-based ionic liquid + alcohol

H72Uy CN BIENEAD L TWA Z E23bN5. FE solutions as a function of xa.

2T Vv a—Ving W\ xy = 0.9 OFEIL T, TFE 51X EtOH, IPA 2 LV & CN HIE /&0,
Z XU EtOH X° IPA W1 & e, TFE I CA A BIKD D F A4 L T =4 in X 0 gl 5 =
EERLTWA. Ta— )LD A AfEME HFIP>TFE > EtOH >1PA DJIEIZEV T & A3on
STWDH Y. ZDZ X, A ABBEOEW TFE (JMio 7 /L2 — /L b T =4 (258 <
FIEEHA LT WZ 2R T. Z07®, TFE HTCIXT =43 540 L OMAER %%
B2 N TEPMEELI-EEZ DD, LLAeRS, HFIP #D CN ElA1E xa = 0.9
T xa I & B 7T & A EBEET, 72 TFE 520 CN HI& XY L&V, Z U HFIP
DFFEEHR(16.8)7 TFEQR6.7) LD b/hsWedbiZeEZX b5, 2D &6, HFIP |X TFE X
D HLA ABERENIC 0D LT, I FA L —T =4 ROMEERZ9305 Z LT
9, TFE XLV b EWCN FHIGEZ R LI EEZOND. U EORKERND, Ta—Lofd
BN Ko TEIT Vv a3 — DA AREMEEELSNOBER IS T F 74 2 — 7 =4 AR~ 52
T5HT ENTREBE I NI,
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Evaluation of the Lewis Basicity of ionic liquids using an NMR method
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We evaluated Lewis basicity of imidazolium-based ionic liquids (ILs) with various anions [X] using an
NMR method instead of the conventional Kamlet-Taft method. The Lewis basicity of ILs is higher in
the order of [OAc] > [DEP] > [CI]" > [Br] > [CF3SOs] > [I]" > [BF4] > [TFSA] > [PFs]". The smaller
the ionic radius of [ X], the higher the Lewis basicity, except for [OAc], [DEP], [CF3SOs], and [TFSA].
In contrast, the Lewis basicity of ILs hardly changes with increasing the alkyl-chain length of the

imidazolium cation.

LIZCHIZ

VRO VA ZEGFEEOFAMIZIE, IR L 7= 4-nitroaniline <> N,N-diethyl-4-nitroaniline 73
E DR DR R &% bl U TS 5405 Kamlet-Taft /X7 A —% fer BDELHHWVBHIL
T\, A A ARKRDNA ZHHPEOFHIEIZ b Kamlet-Taft {53 XL <A ST D, Ll
72035, Kamlet-Taft % & H U TR®O BT A A U RIRD VA ZMEFEVE fer 12, HE ST
HIXERIZE > TRTDERH D, ZHUE, A F U RIEDE R Y BRIT 720> o T ARH<0,
BRI DA T ARIKA~DEFEBNRRTH D LEZ HiLh, —J T, 4-fluorophenol (4-FP) & 4-
fluoroanisole (4-FA)% 7' 10—y & L CHU D NMR EMNE, 4-FP & 4-FA % 0.1wt% & Fifg
HIR RS & 70 D KO ICIRBHCIR R S 5 HIETH Y | WIS E £ R DB a1
IZ<WeEFEZBND, £, HBALTWDHIA T RIKICH L THEHAFRETH L EFE X BN
Do £ ZTARMIFETIE, NMRIEZHWTA I XY U U LRA T ARIKONA AT 2 7272
LLSFHEd 2 2 & &alAaTe,

2. BB

A FARIRD F1 F A 1% 1-alkyl-3-methylimidazolium ([C,mim]*, n= 7/LF¥/LEE 1, 2, 3,
4L L, 7= [X]IZiZ chloride ([C1]). bromide ([Br]). iodide ([I]"). trifluoromethanesulfonate
([CF3SOs3]) .  bis(trifluoromethanesulfonyl)amide ([TFSA]) . tetrafluoroborate ([BF4]) .
hexafluorophosphate ([PFq]"). diethylphosphate ((DEP]). acetate ((OAc])Z H\W\\7z, ZiILH DA F
HRIRIZ 4-FA & 4-FP & 0.1wt% & 72 % X D ICENE AR L T, 4-FA & 4-FP ® "FNMR {t
U7 MEZHE Lz, BOIIRRNG . A A E <. Kamlet-Taft 45 TS S
T4 HLHEY)E T & % hexamethylphosphoric triamide (HMPT)% 1.00 & 3 2B HMED /T 2
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favw B BFA LT H[Cmim DT o g
SR n TT Yk LEREFT, Lo
[X]'=[CFsSOs]". [BFs. 3L OYTFSA] .o
DEE, AIFYTLRAF VR "0 T 2 s 4 s
D fawr EIZH F A DOT VI AEHE
IZEBTIRE—EDEEZ R LT, 20D
ZENH, AIXV VT LRA AWK
RONA ZFHNEI I TF A DT L+
NMNEEDOEBRZILEAEZT RN ESE
bbb, £ pawr MHIX, [OAc] >
[DEP] > [CI] > [Br] > [CF:SOs] > [I] >
[BF4] > [TFSA] > [PFe] DIEIZ & < 72 %
ZENboT, R, T=F DA AL EREPNNSWE E A A ARIE DA A MG
1Em < 725 23, [CF3S0;], [TFSA] . [DEP] 3 X TOAc] 131 A4 > DR EZ SN R Z WIT D
B O FHEMENE < o7z, THUX, [CFS0s]. [TFSA]. [DEP] 35 L UNOAC] D3I -%f
EHTOBERTEF > TWDHDEEEZ LIS, FFIT, [OAc] & [DEPE K X 2 AEM &
OB 2> TN DH700, [CIIC[Brl £V HIED I KEREREEZ R LI LB 2
H5ND, [CFSOs & [TFSAT Al d 5 &, M7 =4 v HCABMEHOLBBR T 26T 5
LOD, [TFSAT DTN T v RIFRFIZ L - TEFEZWRG SN TEY BEIR T OEEEIMI,
Z DT, [CFSOs] DI MR[TFSAT & 0 b EEMENFE L ol B bND, o, AEIEDL
A7 Bawr BT Kamlet-Taft {2 K > TH ALV A ZHEEEMEOME & g L < —FH L T 5
ZENbrol,
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Fig.1 fnmr for [C,mim][X] against the alkyl chain
length n of [C,mim]".
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High-Speed Image Analysis of CO2 Absorption Behavior
in Ionic Liquids Using a Micro-Flow Channel
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We developed an innovative measurement method to quantitatively evaluate the CO, absorption
performance of ionic liquids (IL) using microfluidic channels and image analysis. The shrinkage of CO»
bubble during absorption in a slug flow is captured by high-speed camera, and then time evolution of a
bubble length is obtained by image analysis. In this study, the effect of flow rate ratio between IL and
CO; on the ionic liquid CO, absorption is clarified. The effect of flow rate ration on absorption amount
and absorption rate vary with the bubble length.
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Fig. 1 Experimental setup.
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Fig. 2 Instantaneous images of slug flows for (a) Qg = 9.1 Fig. 3 Effect of flow rate ratio on the length of the CO2
pL/min, (b) Qg=15.5 pL/min, and (¢) Qg = 24.8 nL/min. bubble.
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Fig. 4 Time evolution of the concentration difference (solid lines), Fig. 5 Corrected absorption rate coefficients.
and approximate curves (dashed lines) for three flow rate ratios.

Absorbed rates # for each condition also indicated.
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Extraction of Metal Ions Using Quaternary-Ammonium-Salt-Type Gemini
Ionic Liquids
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It is known that amphiphilic ionic liquids containing long alkyl chains show surface activities similar
to surfactants. We have developed novel quaternary-ammonium-salt-type amphiphilic ionic liquids, and
revealed the surface adsorption and bulk properties of those ionic liquids by using various measurements,
previously. Gemini surfactants, in which two conventional monomeric surfactants are connected by a
spacer, show excellent surface-active properties, such as lower critical micelle concentrations and a
greater ability to lower the surface tension, and unique aggregation properties. In this study, extraction
transition of metal ions into the quaternary-ammonium-salt-type amphiphilic gemini ionic liquids with
different spacer structures, and the effects of the length and structure of the spacers on the extraction

ability. It was found that amphiphilic gemini ionic liquids showed excellent extraction ability for Au™*.
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Fig. 2 The extraction ratio E of Cu*" from
aqueous solution into gemini ionic liquids
2Ci2(Spacer) NTf; at 25 °C.
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Hydrophobicity Evaluation of Ionic Liquids Based on the COSMO-RS
Method and Application to Solvent Extraction of Au(III)
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While solvent extraction of precious metals using hydrophobic ionic liquids alone has been reported,
even these liquids can leach into water upon contact. Therefore, investigating methods to screen
hydrophobicity in such systems is important. We studied the extraction of Au(III) using onium salts with
simple alkyl chains and found that larger ion size generally leads to higher extraction equilibrium
constants. In this study, we compared experimental extraction equilibrium constants with
hydrophobicity estimated from calculations to examine their relationship. A linear relationship was
observed, suggesting that calculated partition coefficients are valid and may be used to estimate

extraction equilibrium constants in specific ionic liquid-based extractions.
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Room-temperature [C:mim]OAc crystal

Ayumi Hachisu, Kenji Takahashi, Kosuke Kuroda
Graduate School of Natural Science and Technology, Kanazawa University, Ishikawa, 920-1192. Japan
kkuroda@staff.kanazawa-u.ac.jp

Abstract: 1-Ethyl-3-methylimidazolium acetate ([Comim]OAc) is the most commonly used cellulose-
dissolving ionic liquid and has been extensively studied for biorefinery applications. Although
[Comim]OAc is generally considered to be a liquid, we found [Comim]OAc crystals at room temperature
(around 25 °C) with a melting point of 44 °C. A plausible reason for the crystallization is shearing stress.

[Comim]OAc seed crystals led to the crystallization of liquid [Comim]OAc
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Phase transition behavior and hydration dynamics of thermoresponsive
ionic liquids
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We have previously demonstrated that the water molecules in the intermediate water region rapidly
decrease near the phase transition temperature during the phase transition of temperature-responsive
ionic liquid-derived polyelectrolyte gels (TR-poly(IL)gels) prepared by polymerizing temperature-
responsive ionic liquids (TR-ILs). In this study, to clarify the dynamics of the hydration state
accompanying the phase transition of TR-ILs, we investigated the temperature dependence of the
interaction between the ion pairs of TR-IL and water molecules using VT-NMR and DSC.
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272572, W THRIRBERIZE T 2 K IEE TOINA[CO) L OKYFD Ty ZHIET 5 Z & Th
T OEBHEIC OV CEMI A 1T o 72, [N4J[CO]DAT 1 k20D Ty IZ DWW TR 5 21k
ﬁ%méh@ﬁoto —J. K3 TFD T 1L LCST TH 5 32 °CL 0 IR VEIK CIE AR I
B 7=DIckf L, 32°CEE R 5 & RMizid Lz (Fig3), 2 b DOREIEL, LCST LLFD
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FELTEY, LCST LA EiZ72 5 & PRIKGE CRUKFINE L, o 7oK T DIF & A EDBFES
KT%%’&%?LTD%O:hi%ﬁﬁnﬁWﬂ&%d%%ﬁTémﬂaﬂJ:/FT%
RSN EAREIR CRARRAAETL D EVIFERE—H LTS, B0/ RENS
[N4][CO]//KIEA R Tlix, FiR ﬁ%\HET%FL%KﬁﬂELTkD\_@Mmﬁiw%ﬁ
AHEOHRRIKE TAEL TWD Z N R s, B
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Charge—discharge behavior of graphite positive electrode
in sodium-based ionic liquids

Keigo Uehara, Riku Oe, Takayuki Yamamoto, Toshiyuki Nohira
Institute of Advanced Energy, Kyoto University, Gokasho, Uji 611-0011, Japan
yamamoto.takayuki.2w(@kyoto-u.ac.jp

Ionic liquids (ILs) are promising as battery electrolytes due to their properties such as flame retardance,
low volatility, and thermal stability. Our group has applied amide-based ILs for various types of batteries.
Recently, we have focused on dual-carbon batteries due to the absence of rare metals such as cobalt and
nickel in their positive electrodes, unlike conventional lithium-ion batteries. In this study, we
investigated charge—discharge behaviors of graphite positive electrodes in several sodium-based IL

electrolytes, and discussed their reaction mechanism via X-ray diffraction and Raman spectroscopy.

1. =5

A—Rr=a— I VHRZmT T, BEOITBEHEEMNEERKEZHI LEXLNT
W5, TR, NVE SR EZ TS F U LA A BB A S E R L TWD S, A
EESR FEMFIR D TRV I M, =1L b & B Lo IERAA B O IRAT A 28 KA KA A 7= AR
ELTHETOND, £ I T, YWEETIE, RIS RERENTH 5 A A RIS 2 EAFK
(W IR EM OB 2 A L T\ 5, FrZholld, RS E &I TH 2 REH
BHZE B L. Ef & ARROM G ITRBEMEIZ N2 T 27V — R EMOEL BiE L T,
7777 A NEMO MBS ZFHTWD, HILOMFETIL, Na[FSA]-[CsCipyrr][FSA]A
I IR PIZ BN THRERITAERT D77 7 74 FaBbEY(GIC) D & MBRRED . — XY 72
FISAME RECHRARD 129A THDH Z L WA LR, RBIZETIE, 7 F7=42ThbD
FSA (= bis(fluorosulfonyl)amide) & L < (& FTA (= (fluorosulfonyl)(trifluoromethylsulfonyl)amide) %
NR—=2 L LT M) ULRAFT R EEZHNT, 77 7 74 MNEWMOFIEZSB) 250, X #
[T T < I DOFERIN O TEREA I =X LEBLE LT,

2. Ehk

BRI = A A IR Na[X]-[Ocat][X] (X = FSA, FTA; Ocat = C,Cipyrr (n = 3, 4): N-
alkyl-N-methylpyrrolidinium) C& ¥ | Na 4B DO E /L7573 (x(Na[FSA])2S 0.20 £ 725 K 9 Il
WU, /I N AR AFARIZZ 77 74 FEHWE B —T7 8L AR L,
77774 NMEMOFMELEE 2T, FRBESRMIEL, IRE 298 K TIEENEEHP 4 3.3
50V, EIREEIL 20mA (g-C)' THEIE L7z, X BEHFTHIEIL, FFEMEREICBWNTELE
fRIE LT, 777 74 MEMBAEIRY H L, KKIFRE T TIfrole, 7~ oo, &
FEARES L OSHBIC T B Y o A& B E2 AW e L A5 L, 2 OF(in-situ) 0T 21T - 72,
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3. fR L BE

Fig. 1a {2, Na[FSAJ-[CsCipyrr][FSA]A A AEIARHIZF51T % Na/graphite /~— 7 & /L DI
R IRE AR A R T, MRV A 7 VO FEREIL 152mAhg !, EAREITX96mAhg !, 7 —
a2 R 3% Tholz, 1 A7 /VEE 2 A 7 VBLUBEOREMRE R L= 2 A,
FRZ A4SV U EOFER TRE RN AL TEY 1 A 7 VHOATEREDKE VLR
&iﬁoto — OPHEK L LT, YEFER CIEEELEERICBWT, 77774 M EMEH

TEME ORI 72BNV, ENER SN ERnELoND, £, A7
w%&é AR 2 AT ER B O DR ST, 5 A ZVEIZEB VT 84 mAh g
@ﬁ&%ﬁ% w7,

Fig. 1b {2, #IEIFRERFIZE T ST T 7 74 FNEWO in-situ 7~ HEKREZ~T, KEE
BIZBWT, G RBT T 77 A4 MTxIGET 551580 cm™ 225 1615 em™ {431 £ CHERH
2V 7 b LTz, 20, G/ RIEH 1625 em™ £ THERKAICT 7 ML, 49 VARED T T |k
—HEIRIC A ST Z AT, £ 1635em™ £ CTHUEERIMIZ Y 7 b Lz, 7o, XAREHTORE R
Mo, RG> FATZEESOVIZEITD GIC DAT =8N 1 THDHERETH &K 1635
em ' DT~ Ny R stage-1 GIC IZIRB S D, Y B, DWW DDA A U HRIKERRIK
HCTDT T 77 A NIEWFEEIOLEZ Fulss, FElRERERET L TFETH D,

() (b)
i L L L j T T T T
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] 45V
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Fig. 1 (a) Charge—discharge curves of the Na/graphite half cells at a current density of 20 mA (g-C)'.
(b) In-situ Raman spectra of graphite positive electrodes at pristine and various charged states.

Electrolyte: Na[FSA]-[CsCipyrr][FSA] (x(Na[FSA]) = 0.20). Temperature: 298 K.
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Electrochemical Proton Intercalation in Bronze-Type Vanadium Dioxide
Using Non-Aqueous Pseudo-Protic Ionic Liquids

oSunghyun Park, Shin-ichi Nishimura, Atsushi Kitada, Atsuo Yamada*
The University of Tokyo, Department of Chemical System Engineering

*yamada@chemsys.t.u-tokyo.ac.jp

Protons (H") are important charge carriers in electrochemical systems, and its faradaic storage and solid-
state conduction have potential as high-capacity, fast-charging electrochemical systems. However, when
acidic aqueous solutions are used in proton-related systems, it is essential to render the electrodes acid-
resistant, which limits the range of material selections. In this study, we have demonstrated that
electrochemical proton intercalation/deintercalation of bronze-type vanadium dioxide (VO2(B)) is
possible using a quasi-protonic ionic liquid (pPIL) composed of 1-methylimidazole (CiIm) and acetic
acid (AcOH), a nonaqueous protonic electrolyte. These results were followed by DFT calculations of
proton conduction in VO,(B), and it was found that the oxygen-oxygen distance correlates with the
energy barrier, as it does for other electrode materials. These results are important in promoting a

common understanding of proton conduction in oxide materials.

1. Introduction

Protons (H") are essential in electrochemical systems, particularly in aqueous environments, due to their
abundance and unique chemical properties arising from their small size and light weight.! However, the
use of acidic aqueous electrolytes in proton-based systems limits the applicability of transition metal
compounds, making comprehensive understanding difficult. Therefore, this research aims to investigate
the electrochemical proton intercalation properties of VO»(B), which is unstable in acidic aqueous
solutions, by utilizing a non-aqueous pseudo-protic ionic liquid (pPIL) composed of 1-methylimidazole

(CiIm) and acetic acid (AcOH) as the electrolyte.>?

2. Experimental and computational methods

VO,(B) was prepared by a hydrothermal method reported elsewhere.* All electrochemical experiments
were conducted with three-electrodes cells (working electrode: VO, (B), Super P, PVDF (7:2:1, wt%)
slurry on Ti foil, reference electrode: Ag/AgCl or Ag/Ag", counter electrode: activated charcoal). The
pPILs were prepared by mixing appropriate amounts of CIm (FUJIFILM-Wako, 98%) and AcOH
(Sigma-Aldrich, 99%). Electrolytes were prepared in an Ar-filled glove box. The water content was less
than 50 ppm as determined by Karl Fischer titration. Density functional theory (DFT) based simulation

was conducted to examine the energy barriers during proton hopping in VO2(B) crystal structure.
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3. Results and Discussion

Figure 1 shows proton intercalation/deintercalation
performance of VO,(B) in the non-aqueous pPIL and 12
M H;POs4 aqueous electrolyte. In contrast to the severe
capacity decay observed in the aqueous electrolyte, the
VOy(B) electrode in the pPIL electrolyte demonstrates
a reversible electrochemical capacity of 260 mAh g! at
150 mA g and a capacity retention of 75% after 200
cycles at 500 mA g'. In situ XRD measurements
confirm a reversible topochemical reaction, indicating
the VO2(B) bulk contributes to the electrochemical
capacity. Furthermore, atomic simulations using DFT
reveal proton transfer pathways in the VO»(B) crystal
(Figure 2). Proton transfer in oxides involves two steps:
1) inter-site hopping between hydrogen donor and
acceptor, and 2) O—H reorientation via rotation around the
oxygen atom. The energy barriers of these pathways
correlate with the distance between lattice oxygens (O—
O distance), indicating that facile proton transfer is

associated with shorter O—O distances.

4. Conclusions

This study highlights that the use of non-aqueous
electrolytes broadens the usability of potential proton
hosts. The combination of the pPIL and the previously
overlooked transition metal compounds provides
valuable insights for constructing high-rate, high-

capacity proton-based electrochemical systems.

5. References
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Figure 1. (a) The first five discharge
charge curves of VO»(B) electrode in pPIL
electrolyte. (b) Cycle stability in pPIL
(blue) and 12 M H3POj4 (red) electrolyte.
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Figure 2. Expected proton transfer
pathways in VO2(B) and corresponding
energy profiles.
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The effect of polymer side chain structure on the Li-ion transport
properties of sulfolane-based highly concentrated gel electrolytes

Yukako Konishi', Hisashi Kokubo', Seiji Tsuzuki?, Ryoichi Tatara'? and Kaoru Dokko'*
! Department of Chemistry and Life Science, 2 Institute of Advanced Sciences, Yokohama National University
konishi-yukako-sf@ynu.jp

We previously reported that sulfolane-based concentrated electrolytes show unique lithium
ion hopping conduction and have a high lithium transference number. In this study, we prepared novel
gel electrolytes using polymers with different side chains as a polymer matrix containing sulfolane-
based highly concentrated electrolytes. Effects of polymer side chain on ion transport properties of gel
electrolytes were investigated. lon transport properties and battery performances of gel electrolytes
changed depending on the chemical structures of the polymer side chain.

1. #E [Introduction]

Li 3 % i B8\ VR SR 7 iR B Li M ARIRIL ., 6B E O BMARICIX A b v W EN T
BIFERMEEZ ST 2 DR CREMOEMRE & L THH INLTWD D, HIF9EE Tl
VIR T v VSR TN e R A R kmf\u4ﬁxmﬁu%x@_;w\u4i
VNIRRT = L0 b R AR v B SRR A S E L. T DR B R e R
XS TEMED LiA AV BRNEL R e RELTND Y, Fiz, BIHRO 7 AL
WRNZE, BthoZettszm bEsws, &b, YLVERETOES T~ ) v A
AF U E OMBEAERIZ X - TEME DA A s feE 82 KFET 3, £ 2 TARIFFET
X, B MEHE T 5 @0 7% XFHRICH W TAVE 7 Vo REREEBRIR & b S w77

NWEMRE EERL, &0 TS OA LA S ORI E DS 7OV EIRE DA A BRI S 25
%Z%i’% DWTHEZIT> 7,

2. 3E® [Experimental]

MHDO R DAL 7 ) L— NR@ED T~ MU v 27 A(Fig. )72 5 7 VEMREIX. &E/
~ — (propyl methacrylate; PMA, 2,2,3,3-tetraﬂuoropropyl methacrylate; TFPMA, and diethylene
glycol monomethyl ether methacrylate; DEGMA)% A /LR 7 VR EiREEMKRT 7V —F 070

NVEETDHI LK VIER Lz, 7= . N S
BHE S m—T Ry 7 ARIZT, BRI {/Y . /
T~ — MO ZBAEA (ethylene glycol oo R= CH, F F o
dimethacrylate; EGDMA), B 47 AIBN % & Il? F H 7
fi# % ([LITFSA)/[SL] = 13) V& fifE S ¥ 7= PPMA  PTFPMA PDEGMA

BRI ) a— TN @ DI % v A Fig. 1. Chemical structures PPMA, PTFPMA and PDEGMA.
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kU, % Z & CERME S VEME I (thickness: 500 pm)Z157=, A HDZ L, BT
DE /) ~—2=v FD[LITFSAJ/[SL)/[monomer unit] = 1/3/n (n = 1, 1.5, 2)DE /N L E 70D 1 D
PR L7z, ERUEFRE IR bW S VEMRE 2 TV 2 ER L JIE %
f{?o f:o

3. #EHR & &% [Results and Discussion]

Fig. 2 (2454 1 £ [LiTFSA)/[SL] = 1/3 &k DIRA
YA ([LITFSAY/[SL)/[monomer unit] = 1/3/DIZEiF 25 7~
Y ARY MV EIRT, TFSA 7 =4 > ? S-N-S fififfE <8l
IZXFIGT 5 B — 2 (740-750 cm )i, PDEGMA &R D
A [LiITFSA)/[SL] = 1/3 &gk D v — 2 & b U TR

PTFPMA

/w

B~ 7 L7z, Ziux. PDEGMA OISEIZTFA(E /W
T DT —TIVERNA A A OffBEZEE L T\ 5D {eout polymen

Z L ERIBT A, IR, FIVEMRE DA eI 760 750 740 730 720
K585 FEORBATE LT Fig 3a 60 Remmitrem!
BIEOA A AREE A7RT, PDEGMA 7 /L (n = 1) [LiTFSA)/[SL)/[monomer unit] = 1/3/1 and
Li #EJEFE(1.62 mol dm>)iZ PTFPMA 7 /L(n = 1)@ Li ¥  the [LITFSA}/[SL] = 1/3 solution (without
BEE(1.70 mol dm ) & ¥ & (A3, PDEGMA &L Jgzs  Poymenatiose

WA FUAREE AR LTz, ZHUE, BR L7z X 912 PDEGMA TlIA A 2 6 OB Mg <
N5, B v U7 HOEMIERT S EZE 265, £72, Fig. 3b IZ& 7 /VEME D
Li A A U HiE(t+) & "7, PPMA 7V Tk, AU ~—EHR&IZH 0D 5 T [LITFSA)/[SL] = 1/3
BRI VCH T HE(= 0.56) %< L7z, — T, PDEGMA 7 /L(n=1)TIIMEBEML & it L T
RVME0.45)% 7~ L7z, Z 4L, PDEGMA OENLMEAAIEEDS Li T4 > Oiligiik 2 H R L7728
ThdEEZLND, T EIIRRAYIZ, PTFPMA Tl EME & Lk L CREVWMEE 0.63)%
AL, ZTOMEIEFRY) ~—GHEE I L7z, Fx OELTIZ, PTFPMA O#%y 7 » 5
LRIBEDOFRPEE DN VR 7 1 h N7 =4 v EREAEAT D B X, ¥ELSHIZ. 0D
R ERRRES D 72 OFHEALZNT 7 a —F L7 VEMRE O BRI OV T HHET 5,

PDEGMA
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Fig. 3. (a) lonic conductivities and (b) Li-ion transference numbers (ty;+) of the gel electrolytes
[LiTFSAY/[SL]}/[monomer unit] = 1/3/n and the [LiTFSA]/[SL] = 1/3 solution (without polymer) at 30 °C.
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Carbon Dioxide Reduction Reaction by Ionic Liquid-Modified Gold
Electrodes Encapsulating Fe(III)-Porphyrin Complexes

Rina Hayashi®, Nao Adachi?, Tomohiko Inomata?, Tomohiro Ozawa?, Hideki Masuda®
aGraduate School of Engineering, Nagoya Institute of Technology
Aichi Institute of Technology
r.hayashi.074@stn.nitech.ac.jp

A number of metal complexes are known to be capable of electrochemically reducing carbon
dioxide to useful substances. In this study, two Fe(IIl) porphyrin complexes were immobilized
by encapsulation in an ionic liquid-modified gold electrode and evaluated with respect to
electrochemical carbon dioxide reduction in aqueous electrolyte solutions. The reduction
performance of each electrode prepared was evaluated, and the products analyzed using

electrochemical and various chromatographic measurements.

I

AEBIEINETIS, BEVEEE AT 54 4K EEm EICEM L, EREICER S
I A F W T ORI B O F 28 AT D58 21T > TE 2 D, ZHE TOREDN
O, FFOEMICED L THEL 253 FINEANS I, BEA LT F OREREMED ) EP@@ IR M
PR HOND Z L RHRESNTWD 2, ERULFHINC Btk FE 2R L TR HZRWEIC
BT D 2 ENATREZ2 GBI B LTV D, £70, YUiFE=E TldaE % Hu - COo,
BICOMWFRITONTEY | RIEMOSHER TILFIT—FLRFENER L, A A AR E A
IEY VB LT B Tl —
fLIRFEE A S ) —VERT D & leriﬂ tﬁf
Moy inoTVB I, ABFETIE 2 W‘iw ™
HORNVT 4 ) R EeEMm LI 0 ¢ lonic Liquids
s S T A A AR A & g\ ; it
B2 L THEELL. AROEMET o= 4
TOBLACEI ZFAL R FR TS "Fe(p-TMA) /
AT o Tz, ERULFRIE, £F 7 v
~ 87T 7 4 —ER L ORI R
IRAN 53 H(SEIRAS)HIE 2 W T, i T ,
SEVERE DITAT & 2R R DS % 4T TMA) encapsulated ionic liquid-modified gold electrode.

7:’
—o

Fig. 1. Image of porphyrin complexes (FeTPP, Fep-

2. FER
KRR = DA F A (L), Fe(I)AR/L 7 U 38K (FeTPP, Fe(p-TMA)) % &k
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L. AT FLVHIEZ: E (IL; 'TH-NMR, ESI-Mass, FeTPP, Fe(p-TMA); JTHE/DHT) |
TRE LTz, A A VIR EEN LICEIRICESEMEZRIET 5 2 & T, A F U iRIKE G E M
(IL/Au) Z{EHLL | IR-RAS, BEXULFHEIC L > TEOERi% R LTz, il T HREERD
BRI IL/Au ZiR{ET 5 2 & TR Z B LICHEE( L. S5RNEA A IR ME il 7B AR
(FeTPP@IL/Au, Fe(p-TMA)@IL/Au) Z/ERL L 7=, Z OEMIZ W CKIFRFICBIT 2Bl
FREZITO, SEEROBEE(LZ MR L, FBRFEREIC L0 (ER L= EBmotEigic o
WTHIR L7z, BRICHE n~ 757 4 —HIiER LU SEIRAS JIE 2 H THERRD 3T
AT o1,

3 AER L B

IKRIAE A CHIE L 7= FEMR I 31T 2 Al DO BIAATE R 1T IL/Au () T-0.80V vs. Ag/AgCl,
bareAu (JK). FeTPP@IL/Au (k) T-0.76 Vvs.Ag/AgCl, Fe(p-TMA)@IL/Au (Hk) T—-0.70
Vvs. Ag/AgCLIZBIIENTz, O DFERNG | S&EMTIIEHADEE/IT K - T EN
DIENZ Y7 N5 Z Lo T-, F7z, FeTPP &l LT Fe(p-TMA)&E N L 755512
XV BRIRENI A IEMNCS 7 b5 2 R hoT-,

F 72 ACRIEBE R CHIE U 72 AR O i B i O K & X113 Fe(p-TMA)@IL/Au, FeTPP@IL/Au,
bare Au, IL/Au DNEIZKE < Ieolz, ZHUT, A A U RIEOEMR E~DELIZ L Y CO, &I

A K Th D RENDEEMD — ——
%ﬁ*gﬁ){&/}\ L7=7=D L % 25 WE.: bareAu, IL/ALI,
5, IL/Au TIXERMES A L FeTPP@IL/Au, Fe(p-TMA)@IL/Au
=2 & KR, SR A YA R.E.: Ag/AgCl
- LR CE L, - C.E.: Pt wire
TH L THE —o = Electrolyte: 0.1 M NaHCO;agq.
MWIXEEIRAZNE T 5 2 & TEM 20 pA Scan rate: 0.01 V/s
D CO iETCHEREA M) | L | 4 FE AR , , , : : ,
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Fig. 2. Comparison of onset potentials and peak current
values for bareAu, IL/Au, FeTPP@IL/Au and Fe(p-
TMA)@IL/Au in CO,-saturated 0.1 M NaHCO; aq. Scans

were recorded at a scan rate of 10 mV s™".
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The cost of lithium-ion batteries is expected to rise due to resource depletion. Na-ion batteries (NIB),

which consist of abundant resources, are attracting attention. The electrolyte materials for NIB using

ionic liquids (IL) were developed, and the effect of zwitterions (ZI) on various properties of IL/Na-salt

composites was investigated. In this study, NIBs were fabricated to study the effect of ZI concentration

on the electrochemical properties and battery performance. [P13][FSA], NaFSA, and TEP3s were used

as IL, Na salt, and ZI, respectively. IL electrolytes (IL/Na) were prepared by mixing [P13][FSA] and
NaFSA in the molar ratio of 6.8 : 1.0. TEP3s was added in the range of 1 ~ 7 wt% to IL/Na. The Raman

spectra indicate that free FSA anion increased with the addition of zwitterions, suggesting that

zwitterions promote salt dissociation. The galvanostatic cycling test of symmetric Na cells using

IL/Na/ZI (5wt%) showed a stable cell voltage during 60 cycles.
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ROBRILEHAES L OF 1 7 VEECRIET ZL 8 X S )
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2. &

Figure 1. Chemical structures of IL, Na-
salt, and ZI.
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ZVERILU 72, (2) i IL/Na }2 OVIL/Na/ZI #26{K® Raman
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kU, Z1L & Twt%iRIN L7 R TIX 71.2% Th o 72, Z1 DR
INEFEANZfE->T7 U —72 FSA 7 =423 v¥—7
RSN U7z WA A o OB O iR 2 e 4 5
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Ionic liquids (ILs) have attracted attention as new electrolytes for various electrochemical systems
because of their high ionic concentration and favorable designability. On the other hand, ionic liquids
can also be used as electrolytes in electropolymerization reactions to tune the properties of the
polymerized membranes. However, there are few reports on the use of phosphonium ionic liquids for
such a purpose. In this presentation, we report the investigation of the effect of phosphonium ionic

liquids on the electropolymerization process of aniline, charactering the grown polyaniline films.

1.#8

A F W (Ls) 1, A A IRE, mWEZENE, SERT VA M2 ATL52 8000
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L7 a4 2 Fig. 1 Ion components for ILs used in this work.
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Fig. 2 The first cycles of cyclic voltammograms Fig. 3 The first cyclgs O,nyChC Vol.ta.mmograms
for electropolymerization of ANi in Pys-TFSA for electropolymerization of ANi in Pasion)-
(solid line) and Pass-TFSA (dotted line). TESA (solid line), Passcay-TFSA (dotted line)
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Electrochemical carbon capture using quinones is being actively studied in recent years as a low-cost,
low-energy method. Quinones can accommodate two equivalents of CO, molecules through
electrochemical reduction and subsequent chemical reaction between the reduced quinone and CO,.
Improving the solubility of poorly soluble quinones in an electrolyte solution is an important issue to be
addressed for increasing the CO, capture capacity. In this study, we synthesized quinones with anionic

groups and investigate electrochemical properties and reduction products under CO; atmosphere.
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Redox-active ionic liquids (RAILs) are a family of ionic liquids where at least one of the constituent
ions (either the cation or anion) is redox-active. These RAILs can facilitate electrode reactions using
their own ionic conductivity without adding supporting electrolytes and solvents. When the redox-active
component is an electrochromic (EC) ion, the RAIL becomes an electrochromic ionic liquid (ECIL).
For example, viologen-based ionic liquids are typical ECILs, and EC devices using ECILs exhibit
durability and high coloration contrast due to the non-volatility and suitable high viscosity of ionic
liquids, along with a high concentration of EC species[1]. To expand the color variations of these EC
devices, it is necessary to create various ECILs. In this study, we prepared pyridinium-based ECIL
[Ciobpy][TFSI] (Figure 1) and fabricated an EC device using the ECIL. The device color, coloration

efficiency, driving voltage, and cycle durability were discussed.

1.%5

FRfbas eI EA A iR (RAIL) 1%, A A RIEEHBR T 20T A T =400 H b,
Dl &b DA FUFENBGE TGV A A IR TH D, IFFEMRE SR E AV 5
ZL7e<, RAIL B DA MBI K-> TEMMILEHED D Z L TX 5, BLETIENE
AF Rl r harzas vy (EC) oA A Dd, EC Htka A9 % RAIL & 725, filx
X, BAu S UL F U RIRITETIC L > THE~RAZET 5 RAIL THY, ZhzHWe
EC 7 /3 AL, A A A MRAKDFHE T & D A EFEME & 38 BE 72 @k PRI 2. TR BE oD EC fEiT
Lo, MAMEEmWEGBa L 8T X FE7RT[1], RAIL ICEES< ECT /A ZADH F—3Y
T—3 g YEHEOTIEOICIE, etk 295 RAIL 2 (HTA20ERNH D, Fxid, =2
T Lo TREBEETHE Y V= AZESS RAIL #68KTH Z LN TE T,
ARFFETIE, B U V=7 LA A RI[Ciobpy][TFSI] (Figure 1)% H\ 7= EC 7 /34 A & {EHL
L, EC T /31 ZADF M L EENHE, BREELE L 1 7 VA &2 ~T-,

2. EBR

EC T1\A AEERTDHITHZ0, Y — R TEILELT H[Cibpy][TFSI]DEN & F /378
V=8, T/ — RCTBbLTOMEE R GFIEDIVNERH D, 20D, 7=ut  BEEH
9% RAIL T %[FcCelmC,][TFSI] (Figure 1)% [Ciobpy][TFSI] & %€ /L TS L 72 RAIL %3
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Figure 2. (a) CV of the EC device at 20 mV/s, (b) absorption spectrum changes of the EC device

under 1.2 V at each duration, (c) transmittance changes between 0 V and 1.2V at 540 nm, (d) photo
images of the EC device under voltage applications.
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In lithium-ion batteries (LIBs), a solid electrolyte interface (SEI) forms on the electrode surface
due to the reductive decomposition of the electrolyte during the initial charge, leading to stable
charge-discharge cycles. In this study, to achieve a more stable and efficient SEI, we prepared
an ionic liquid electrolyte containing ionic liquids with polymerizable functional groups.
During the initial charge, an ion-conductive polymer membrane was formed on the graphite
anode surface through an electrochemical reaction. This highly ion-conductive polymer

membrane acted as an effective SEI, significantly improving the cycle stability of the LIB.
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3-isopropylimidazolium ([VPisoIm])%& 7 F A2 & L, 7 =4 7 bis(fluoromethanesulfonyl)amide
(FSAYND B A AR ERKR LIz, ZHdD IL % LT Litg L LT LiFSA % 50mol%®
BSOS E, EIRHEEZTR Lic, &4 A IRIRERK O EEMNE 2 RE LRI, B
CNEES, BB Li 4R A Vo — 7 2L O FBERHEE 30°CIZRB W CHIE Lz,
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720 [APiolm][FSA]R. 3 X O [VPisoIm][FSA]R Tl
100 A 7 VBB EE L= FEE R LTZ, 2
BENBEE I TR LT A A R E oy 1B,
Fe BN Y O B AMDOEREEIZB N TH L E
ThHY ., A FAEEDORAF: SEL & LT -
O ThhHEZEZBND, —FH T, TOREEIX
[EPisolm][FSA]R & bl 42 LIRVWMEZ R LTz, =
AUILRIE U 7e A IR S MY &t L TR
AT NEEMERT 0, BBEEZLEUZOT
bHbEBEZLND,

Fig.3 |28/ D 05C 1B 5 FBMED 7 —n v
N % 5T, [EPisolm][FSA]R TIZH A 27 JUITFEN,
LEIRFEED T B VT B AY R EE DRy Y SEI
FERSC LT > K74 OB RE Sz, —
77T [VPisoIm][FSA]R Z 99.7%L4 I [APisoIm][FSA]
RIE 95%LL B EW g —o VR AR L, BRI
ICEAMIL ZHWS Z L THA 7 UHE, 7 —n
VR EN ESEDH N TE,
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Fig. 1 First charge-discharge curves of

the graphite half cell at 0.1C rate.
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Fig. 2 Charge-discharge capacities of

the graphite half cell at various C rates.
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4. BEXH

1) T.Kakibe, et al,. Electrochem., 90(3), 037006 (2022).

2) J.Reiter, et al., Electrochimica Acta, 71, 22-26 (2012).
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This study explores the synthesis and characterization of the ionic plastic crystal,
diisopropylpyrrolidinium bis(fluorosulfonyl)imide [Cisispyr][FSI], which resembles ionic liquids and
possesses unique solid-state properties that enhance battery safety. Following a microwave-assisted
synthesis and subsequent metathesis, [Cisispyr][FSI] exhibited solid-solid transitions at —27, 13, and
68 °C. Notably, ionic conductivity increased from ~1028 to ~10° S cm™* between —30 and 25 °C,

aligning with key phase transitions for improved battery performance.

1. Introduction

Ionic plastic crystals (IPCs) are emerging as promising solid-state ion conductors for electrochemical
devices such as batteries. While most studies focus on IPCs with linear alkyl chains, limited research
has explored branched chain cations. These branched substituents tend to create disordered solid phases,
influencing ionic conductivity. IPCs are typically synthesized through alkylation followed by metathesis
(1,2). In this work, we present a fast, efficient synthesis of branched IPCs using microwave-assisted

methods, and examine their structural and electrochemical properties.

2. Experimental

[Cisispyr]Br was synthesized by reacting 1,4-dibromobutane and diisopropylamine in water with
potassium carbonate as the catalyst. The mixture was irradiated at 120 °C for 40 min. After washing
with diethyl ether, silver bisfluorosulfonylimide (AgFSI) salts were added and stirred overnight. The
mixture was extracted with dichloromethane, and then the solvent was removed. The resulting

[Cisispyr]FSI was dried under a vacuum at 50 °C for 24 h.

n K4005,120°C )\@/k )\G’J\ 0 )\ /k 0
Br o) 0
Y \( + Br/\/\/ — N B2 :N: o N R NI

S S _ S )
7 N 7 N
) . [ ¢ N
Microwave, 40 mins F % o F F b4 F
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3. Results and Discussion

The structural elucidation of [Cizizpyr][FSI] via *H NMR (CD,Cl, showed distinct peaks at § = 1.40-
1.41 (H1,d), § = 2.10-2.14 (H4, quintet), § = 3.37-3.44 (H3, q), 6 = 3.84-3.95 (H2, septet), reflecting
specific proton environments. FAB-MS confirmed molecular weight (Mw) of [Cisispyr][FSI] with a
molecular peak at m/z 156 for the [Cisizpyr] cation, and m/z 114 for a fragment, m/z 179 for FSI~ anion,
and m/z 515 for the [Cisispyr][FSI] complex. DSC analysis revealed three distinct transitions at —27
°C, 13 °C, and 68 °C corresponding to solid-solid transitions (Tss) relevant to its application as an
electrolyte. The temperature dependence of ionic conductivity in [Cisizpyr][FSI] was investigated (Fig.
1), revealing a notable increase in conductivity from ~1071°to ~108 S cm* over the temperature range
of —30 to 10 °C, followed by a significant jump at 13 and 68 °C, corresponding to Ts.. This behavior
parallels findings reported for other IPCs (3). Adding NaFSI salt (10 to 60 mol%) enhanced the ionic
conductivities of the [Na]x[Cisispyr]ixFSI (where x = 0.1 to 0.6) by two orders of magnitude at ambient
(Fig. 2). The addition of 10 mol% of NaFSI showed an increment up to 1.04 x 102 S cm~ at 25 °C.
However, further addition of salts leads to a trend of slight decrement in ionic conductivity. These
phenomena might be due to the ion-ion interactions and the formation of aggregates of the ions, as

reported elsewhere (4).

24
Temperature ("C) g
100 80 60 40 20 1] -20 -40 § § § § g g E
44 . L L 4000 — 5] o g g b4
Eo4q °s, 8 §
-5 F zo00 ° [ ] © 8 2 o
L4 ® e, e 8 5 o
-6 4 é—» ® o
— o é -6 e ® ] 3
E 7 é e o
@, F -zo00 % 5 ® [C.pyrlFSI
5 e g v [Naly [Capyl, S| ° °
3 4000 S $1o [Na]y o[C 5apyrl, F S ®
-9 4 * [Na],[C..pyr, FSI
& [NalyJCsapyl, S| °
104 [ 6000 104 ©  [Nal,dCppyrlysFSI °
5] [Na]”[C 3ap},'r]“FS\
=11 T T T T T T -8000 T T T T T T
24 26 28 3.0 32 34 36 38 4.0 4.2 4.4 28 28 3.0 392 14 36 38 40 49
1000/K
1000/T (K"
Fig. 1 Arrhenius plot of ionic conductivity Fig. 2 Arrhenius plots of ionic
and DSC curve for [Ciispyr][FSI]. conductivities for [[Na]s Cizispyr];-FSI.

Cyclic voltammogram of [Na]x[Cizispyr]ixFSI samples were recorded at room temperature. A pair of
cathodic and anodic features is observed on the copper-foil working electrode. The deposition of
sodium began at a low overpotential, approximately —0.07 V vs. Na/Na* with the Na voltammetry

indicating good reversibility in the deposition/stripping process.
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Formation of the solid electrolyte interphase and its influence on the
electrodeposition of Ni in an amide-type ionic liquid containing acetone
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Formation of the solid electrolyte interphase (SEI) and its influence on the electrodeposition of Ni were
investigated in  1-butyl-1-methylpyrrolidinium  bis(trifluoromethylsulfonyl)amide (BMPTFSA)
containing 0.1 M Ni(TFSA), and 0.6 M acetone. The dissolved state of Ni*" in the electrolyte was
estimated by Raman spectroscopy and the ab-initio calculation by Gaussian 16. SEI was considered to
be formed at a potential more negative than —0.8 V in the presence of acetone. The overpotential for the

electrodeposition of Ni on a glassy carbon electrode increased after SEI formation.

1. %8
= rVEIKBRFCTENT D &, BT DKEFRAIC L BRAENME S KFEHEE

ZHZEnG, EFE M MOT I RRA A EEF TOBEN DG ST 5. Ni(TFSA),
(TFSA™: bis(trifluoromethylsulfonyl)amide) % ¥& fi# L 7= BMPTFSA (BMP": 1-butyl-1-
methylpyrrolidinium) HHZI W THTHHOBEEN K E <, 50°C (28T Cu St EiTHrH Lz
Ni ORIZRIT/NE < XBREPTE— 7 BBRl S 202 ERHE ST 5 Y. —J TBMPTFSA
FIZT7 2 e (AC) ZHINT 2 LBEBEMETT 52 &AMESN TS Y. ZRE TN
& T BMPTFSA HIZHB W T, KWEN CEMERIZIEER T 5 EAREML Rimtd (SED) 21378
FridfRIc T 5 L 2HE L TE . & 2 TR TIE NI(TFSA), & AC %5 ¢ BMPTFSA
HIZ 31T % SELTERL & Ni BT IS T 2 B84 B b 7RI E R /3 e B 2 AV TRt L 7.

2. EE&
SEBEALEHD, ArFELKO S a—7 Ry 7 AFZEBWT 25 °C TESALFRIE T -
BARRIZIZ 0.6 M AC 2570 0.1 M Ni(TFSA)YBMPTFSA % AW /=, {EFMGIZIZS T v v
— =R (GC), xHEIZIE Pt, ZMEMIZIT 0.1 M AgCF3;SOs/BMPTFSA (ZiR{E L7- Ag ##
(AglAg(D) Z MW=, fEARBIZ RS T THIFR 0.3 um O ALOs IZ X Y AFEE L7=. SEI JERKENL
X7 xvty (Fo) ZLV Ry A7 u—7 & LTRBS o772, EBMRIET O Ni (L0
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REEIX T~ 5
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S HEREEER

0.6 M ® AC =& 1e 0.1 M Ni(TFSA)/BMPTFSA & 7
<~ AT MV Fig. 1127, 1710 em™ 2 AC
D C=0 i & O WK PRIPAFEIREN IR E S o B — 7 0581
MENDHMRY, Fig. 1 TIEX2 o0 —7 BREHNISnT-.
F—FHEEHRIZLY 1708 BLV 1682 em ' O B — 7 |
FnFi, WEHEE axial f72C NPEHUTHENL L7 AC B LY
equatorial iZ THIZ L7Z ACIZIRB SN D EEZ LS.

Fc 2 G EMRT TH B0 R D EMENIT 1
BERIERFF L 7-RICHIE L2 A 2 ) v VRN E | T
L% Fig.2 \Td. 0.8V LU F TOREFZIC Fe DAL
E— 7 OBMPEIZTT ML, BIREENMELS o7,
0.6 M D AC % & T EfRHR 1 C Ni'lX TFSA™ & AC IZF
WS NTIR BB FEERIC e D Z ERME SN TV D
VAC EEDEMRERPIZE N T, ACZEERVEM
R & [RIERIC NiPTICEN L7z TFSA O T/fRIZ K- T
%@/\%%E IYJE SEINEE LTI EZ 2 b,

CEMDY =T AL —TRNVZET T L% Fig. 312

mﬁ“. SEI #JEZh% L TV 20 GC B CTlE-1.3 V £t
5 Ni OHFHITIFE S 4L 5 ECEIR B S 7z ’5@
LT, &5 L®H-0.9V TSEI 2k L7- GC BT
TR ICEIRDONLD LD 23 03V BIZT> 7 ML Z
LMD AC 2B TeEMIE T TIEAT 5 SEL & Ni #riHic
2 Yo SENES BN =UC VAN SV Wl
4. BiEE

AHFZE DT ISPS BHFE: 23H03826 35 L VAL
FEN INEERF PR L 12 X 2785 < (KS-3609)
D E =TI Tz, BURE SAICHE LR T D.
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Fig. 1. Raman spectrum of 0.1 M
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Fig. 2. Cyclic voltammograms of a
GC clectrode after holding the
electrode at different potentials for 1 h
in 0.1 M Ni(TFSA),BMPTFSA
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Quantitative Investigation of the Resistance at the Interface
Between Highly Concentrated Li Salt/ Succinonitrile Electrolyte
and LiCoO: Positive Electrode
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Abstract

A molecular crystal consisting of lithium bis(fluorosulfonyl)amide) (LiFSA) and succinonitrile (SN),
namely Li(FSA)(SN)., is a promising solid electrolyte because of its high Li ionic conductivity (1 X 10
* S em™ at room temperature) and softness !, Previously, we found that pressure and heat treatment
form LiFSA/SN liquid from solid Li(FSA)(SN),, improving battery performance 1. However, it is not
clear to what extent the liquid influences the battery characteristics. Therefore, in this study, we
investigated the battery performance quantitatively using a LiFSA/SN concentrated liquid (LiFSA:
SN=1:0.8) and a LiCoO thin-film positive electrode. We revealed that the resistance at the LiIFSA/SN
liquid-LiCoOQ; interface increases by 8.5 times after 30 cycles of charging and discharging.

1% = [Introduction]

grFitidh LIFSA) (SN, i3 Li 4 A VBREE E AR EOXZ b 0 S 2o L b,
Fi- mEAREREME S LTI hTna ) k4132 oEIRERE %2 FH L 722K Li
B ERN AR EED T b, ZF TIic, Li(FSA)(SN)2 ixt U TINE - AL % 5
% &, Li WA EIBEL L 72 LiFSA/SN A2 R L BRI LicB i, ERE 0K
~1/100 {38 L CEMEIEST 2 2 L2 R L 2%, CoREsB ik, BRERE

T & WR- B O RS I 5, Lo L. LiFSA/SN k238 e 1o J 133 52 iﬂﬂ
5 TIERV, % 2 TAWIFE T, LiFSA/SN EIEEMK (£t LiFSA:SN=1:0.8 ) &
LiCoO, EIR M Z# G L 72T VR EZ# TR L. Bt € B RiHMEi 21T 2 72, Z Dff
B FMED 30 %4 2 1212 LIFSA/SN-LiCoO, FLif D #Hi 2 8.5 A L 72,

2.EEx[Experimental]

Figure la I8 L 72 EXLE =M Vv OB %2837, fEAR(Fig.1b) 12 AT © FNE T
W7z, 9. ALOs(000D)FMR EIcEEIA e LT DC w72 bry 28y 2 ) v 7 HKic X
D Pt(11)EE(E X 100 nm) ZHERE L 72, 2D ki, RF =272 rv v 23y %) v 7kic
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X0 LiCoO, (4 X : HAE 0.07cm?, JEX 70nm) 2 HEFE L 72, £ Dk, A%y X EZELE
B2 b Ar HRAFHRAD 7 0 —T7F v 7 Z~ LiCoO, Mtk # KK ICHETE ¢ 3 Ik L 7
M Jric, LiFSA & SN # 1:0.8 o-E A HBIT 24 K], SO°CTREA Tﬁﬁ:bf LIFSA/SN I
JE BRI AR L 72, A - Sl & L C LieEEEFHE L7, /ERIL 72 LiFSA/SN R/E&E
RIS LTI~ v ikic K O RERHE L 72, 2 LT, MBRIIAALZ v A Y —ikE 3
A 270y 7R Nz XY —1E(CV)T LiFSA/SN RBJEE MR O B XL R %2 30°C ¢
L7z ERIL =M ZFHL T, ¥4 270 v 7R 2y 2+ ) —(CV)iE RS FF
fii L 7= GRIE & E#ipH - 3.0~ 4.3 Vvs. LiT/Li, f#51EE : 1 mVs?, A : 30°C), Rifif v v
— X v AKX ) BN YTZ 30°C TR L 7z, =Mk v Ol 3 £ T Ar SRHA
NTfro 72,

345 R &£ Z 2 [Results and Discussion]

Figure 1c ic CV BifgZR~3, 2 ¥4 7 v HClgfk, =ty — 2728 3.98, 3.83 VVS. Lit/Li T
Bl X N7z, 2l LiCoOy it B % Co¥/*DEMBHHIILICHEL TWBB, 299 4 71
HCcligb., ity —27134.08,3.76 Vvs. Lif/Li icZnztns 7 L7z, & 0){@\[@%?)6\ T
MO AL TWw3, Riid v Ev—&X v ZHIED 5 LiFSA/SN-LiCoO, Syt %
EEM L 72455, CV A4 Z gD 2.7X102 Qem? 225 30 ¥4 711 2.3%x10° Qcm?
L8572, 2D &5, LiIFSA/SN-LiCoO, R RITIZ RME A #E VKT 2 & °h
KL, BMEELSILT 2R E R 2L ZHLICL 72,
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Figl. (a) Schematic side view of a LiCoO> thin-film positive electrode and (b) three-electrode cell.

(¢) Cyclic voltammogram.
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The diversity of carrier ions in electrochemical devices has attracted much attention to the
use of protons. However, the narrow potential window of acid-based aqueous solutions typically used
as proton conductors limits the operation of active materials. In our previous work, we demonstrated
that rutile TiO, is a promising candidate with a reversible capacity exceeding 100 mA h g™ at the first
cycle and relatively low operating potential. However, the issue remained regarding to H, evolution as
a side reaction during the charging process. We focused on FePOs as an active material for proton
rechargeable batteries, which is expected to operate at a higher potential to suppress the side reaction.
In the aqueous electrolytes of 1,1,1-trifluoro-N-((trifluoromethyl)sulfonyl)methanesulfonamide
(HTFSA-dissolved in H,O and typical acid solution such as H>SOa, dissolution of the active material
was detected prior to the operation. In this work, we therefore studied protic ionic liquids as the
electrolytes. When using N,N-dimethylformamide (DMF) as Bronsted base while fixing HTFSA as
Brensted acid, the capacity decay was observed. In contrast, N,N-dibutylformamide (DBF) was applied,

stable capacity retention was achieved for 20th cycles.

1.#8

BIHIF 2 Z TR NEBMOMEEICT, v U 7T AT OSHMENERINS 72D, Na,
K,Mg,Ca 725D s 70 v 7 LFEEIENTIMADEALNBFT SN TND 0D, BED
FHA L HEERN H ORI R Z Y TEGITZ < 72, HY/ [(H:0)(H0),]" 3% ¥ U7
AF L UTHEET 2KEEIKR TIE, £ OESIEFIRZEMEMERNTZ O AR TN e Hy F84EN
HELDZENEESN, 123V EOEMELZERT S 2 ENRBEOICKNETH L. £,
H' Z W P REZR R A MBI Z LN L HFETH D, 7272 L, Grotthuss #EHEIZFED
7B MANREEER CENIERERMERREZM 5T LR FTES. ZNETIC
HFox ITAMEYE OB MENICERE T D /S8 B L, ALy 7 HRE — AU ic &5
< AlWiZRE (~100 mA h g') 23 Rutile TIO, IZBWTHLND Z L ZRHL TS D Fxld,
7a by TIREMOIEARME ZRZE L TR Y, FePO, OIEWE & L CaREMEZKat LT
% . PLAM M KRR & AW T HRREHC BN T, RIRERENHR SN —F CiEwE
\ZE £ D Fe DIEHBMEGR S NTZ. £ 2T, AL CIIIFKBEBTIZB T 57 v b 585
FZ, TEWE RSy OV EH & EMEBEE oM EEABIFEL, Tu h oA U RIEsTRICB TS
FePO, ~DESALFH HFA —BBERE 2508 L7z, F72, 7'v b VEA A ik 2 A7
% Bronsted g 3D ApKa ZFREE(Z 29, FePO, O HFFE A — BB K OW)E Al iR /4
A 7 IWVEEMIZOW TG LT-.
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2. EE&

1,1,1-trifluoro-N-[(trifluoromethyl)sulfonyl jmethanesulfonamide (HTFSA) % Brensted i & L C
IR L, N,N-dimethylformamide (DMF) & 723 N,N-dibutylformamide (DBF) % Brensted ¥tk &
LCHWEZa b oA A 25 L=, (HTFSA)(DMF)—, (HTFSA).(DBF)-, (2T,
x=0.1,0.2,0.3,0.4,0.5 DFE/NITRICOVTEAR & L TR Z1To72. 2 b OB REE £
BEEOIICIOMEL, ML ERWA FARBEEREIC LY T a b oMeA 4 iR
KE L TOREME MG L7=. FePOy, acetylene black, polyacrylic acid (#&7%544) % 80/10/10 &
HEWLTRERLIZAT Y —2% Ti {HLRICEAM -T2 2 & TaRlEmRa2ERL, Zhnzilik
fir & U CEAEFH HE A — BifEEE) 2 —mE S b v 2 v Tat L7z,

Sweep rate : 1 mV s’

o~ 2 | M M M M 1 ! v v ¥ I M M M 1 M v v 1
3. %E% & %g IE L ‘—&_
] o o : o (HTFSA),.(DBF)ys

T kA A IR R ERRCERT 55 < O P 1
. . _ e | “(HTFSA)y 4(DMF)y ¢ _
AT, 55 DENMLICBVWTRE LIE b ORR < on Pt foil
IR Z &2 6, ABFFETIETIZ 4:6 2 0o 1 2, 3
ORI ZHFT L=, (HTFSA)(DBF)-. OE\E Potential / V vs. Ag/Ag
IEWAN y 2y I\ Fig. 1 Electrochemical windows of [HTFSA].[Bronsted
BIPHTORIR, Bronsted 2 (HTFSA) D53 base]i-x electrolytes (x=0.4) on a Pt foil (Bronsted base
PN 212N T, BVLEMENR BT 5 2 = DMF, DBF).
L, HHEMRIEITER D RAMTHD LY | sF S —

b A F IR E BRI E N TED
EEZ2bHbN 5. Fig 11X Pt LigkBiFs
[HTFSAJo4[Bronsted baselos @ BNLEE % 7~ .
Brensted 2|2 DBF %\ /=4 O TlE, DMF &
P U CE el O BAL R N O3 MR L7

/" Bronsted base
! O _H

SN
DBF

o
T

[ - -\\_\
o
=
=2

o
3]
—

5, BALBIOBMEIZOWOTIEINTHOHE

HEI2 Vs Ag/lAg" M Bl & 7r o7z,

Y
T T

Potential / V vs. Ag/Ag*
o

Fig. 2 (X LD 7 b MA 4V iRIE % [ T i
FePO, (2 L, BIREE 20 mA g OFMET 05F DMF -
TREE IR E L R 2R 0.5 N /4\\(ﬂ ]
V AT IS8R S D BEALEHERIE FePOy O 7 1 I
Mk—toa U CBETS b0 L HESND, = 05t e
DFSFEN % ey % &, DBF Z W2 J53 Capacity / mA h g-'

» - = S AN < + N RE
T EWEMT AR AEL L. Fig. 2 Galvanostatic charge/discharge profiles of FePO4
HTFSA-DBF, -DMF @ 4 pKa TN HER10 T in the electrolytes of [HTFSA][Bronsted base]i—

electrolytes (x=0.4) at a current density of 20 mA g!

Y, HOZFE LS SIIIEB 200 L
TRINZDN, TREIRELRDIERLE o7, F12, YA 7 V@I E H72y, DMF & W
ERTEHAEOE LWVK TN RS-, )7, DBF Tidd7a< &b 10 A Z VORI B
BIT—UR NPT BHIZZAD OBMRIEGED M B A =X AZHOWTHEgGm T 5.

4. References

1) M. Shimizu, D. Nishida, A. Kikuchi, S. Arai, J. Phys. Chem. C 2023, 127, 17677.
2) H. Doi, X. Song, B. Minofar, R. Kanaki, T. Takamura, Y. Umebayashi, Chem. Eur. C 2013, 19, 11522
3) M. S. Miran, H. Kinoshita, T. Yasuda. M. A.B. H. Susan, M. Watanabe, Phys Chem Chem Phys. C 2012, 14,5178

182



P48

BREBREKBERICETS
BREAF VBB TO BB ZAVW-ERERDEZEIL

(b TRBET. ', 2T KEET?)
O A, AfAlE, ALllEth, FEE 1 INBER | HEm A2

Stabilization of sensitized dyes using cross-linked ionic liquid-modified
TiO; substrates in dye-sensitized solar cells
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In our previous studies, we have succeeded in improving the efficiency of dye-sensitized solar
cells by ionic liquid-modified electrodes and in stabilizing them by encapsulating unstable
molecules using cross-linked ionic liquid-modified electrodes. In this study, we synthesized cross-
linked ionic liquids that can be modified with titania, and prepared titania electrodes modified
with them and unstable copper complex dyes. Dye-sensitized solar cells were fabricated using the
obtained electrodes, and the differences in photoelectric conversion properties with and without

cross-linking between the ionic liquids were evaluated.

HE

T2 1A A AR E R L7‘:7L J SHEHEN X 2 BRSO R EEMIEZ B LT
X2 e A UKD RIS GG S TSR A A U RINMERR B I, RLE
57 ¥ % AR IR BENE 2R L 7IREE CREIE(LFTRE CTH Y | Z DL ERITEE) L TV
53, FiA F U IRIKEMERIC LD OEEKSEEL T, SEVEEEH T/ 4
IR E T B =T B ISR L AR SRR ST A A IR T OB B
FEBEAT DI LT, BN TFOREREBIICHD S5 2 L BEFOUBERIG
ZPRIHICE . ERIRAENATREL 72D Y, ZIUD DIEITHGE A b L ICARIFSETIE, TiO. &
MR IAER FTRE 2R 2R A A RIR & GREE - AR L. REERSSEA AR L L bt h
D DLRKGRIA F ARIREAER LT F &% =7 Bl %:{’E% Lic, b= Eimas vk
RISt 2 VERL U | A A RIS OGO F I X 2 B o Sgh A 58 022 & Mk
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Synthesis of allyl cellulose in [TBP][OH] solution and its glycidylation by
phase transfer reaction
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We have been focusing on the excellent solvent properties of the strong alkaline [TBP][OH]
aqueous solution for cellulose and have been conducting cellulose derivatization in this solution.
In this study, cellulose was allylated in an aqueous [TBP][OH] solution, followed by
glycidylation through the oxidation of allyl groups via a phase transfer reaction. FTIR
measurements of the cellulose derivatives showed peaks corresponding to epoxy groups,

confirming the successful glycidylation of the cellulose.

1.%5

A= F N —RAEBRYVIRLEME L RRDOESTILAYMTH Y, HTH - T
MHCERE 22K BHEAEZ B L T b, TOKBMEICL Y wre—RFEofmiEEm L, K
Lo s AREEICHACTDH 5, ME ST A A AR E %A 3 5 [TBP][OH]
(Tetrabutylphosphonium Hydroxide) D/KIFEA LB — I L CEWAMREZBE L T3
ZEEMELTED D wrm—ROREMIC XY E— RGBT X 5L a — 2 DB
fb3nffge 72 %, Fax T CicA 4 vk Z okKERICE L — 2 Z /KL, krnm
— AFHEROELEIToCE D, Frckrm —2~D 7Y v I AIHOERIL. §77- kg
MBI OB A & L CoIGHZAREE L5, ARFSE CIX[TBPI[OHKIEIRIC kLB — X %
BIRL ., BHEBREICAERT I e — 228K L7z, THICAKLET Y vero—2
HFER L LHMBEIRISIC L 2er e —2D 7Y v LR IT o 72,

2. EB&

3wt% D v 1 — R Z[TBP][OHPKERFICHEMFE L, 7Ir7ua<wA FEZFE ML CTerm—
AT Y NER B L 72, EMifERIL 'TH-NMR I X D 1T o7,

VYA — 2 IHEHEKED 2 HARZRESE L, HEBBIRICI XY AL 7.
BRI T U vk rm — 2 I X OHBEBEIfIE & L CT[Nigss][Cl] (Trioctylmethylammonium
Chloride) %ML CHBEMHE L7z, T/, BALA 3 WL L T H0, /KIAWR IC R AL fil it &
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4. BEXHR
1) Mitsuru Abe, et al., cellulose, 2020, 27, 6887—6896.
2) Takeshi Kakibe, et al., Aust. J. Chem., 2018, 72, 101-105.
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Fig. 1 '"H-NMR spectra of allyl
cellulose.

Table 1 The results of dissolution
test of allyl cellulose in organic
solvent.

Solvent Solubility

acetone X
ethyl acetate X
chloroform Q
DMSO Q
THF O

dichloromethane *

cellulose reacted

allyl cellulose

Absorbance

1 1 . th ayi 1)
1300 1200 1100 1000 900 800
Wavenumber / cm™'

Fig. 2 The results of FTIR
spectra of before and after
reacted allylcellulose.
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Chemical Modification of Ionic Liquids for Tailoring
Cationic Solid Electrolyte Interphase in Lithium Batteries
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1-3 Machikaneyama, Toyonaka, Osaka 560-8531, Japan
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This study aims to control the structure and composition of the solid electrolyte interphase
(SEI) through chemical modification of imidazolium (Im)-based ionic liquids. By introducing
electron-withdrawing substituents for the Im cation, we modulated the reductive potential to
control the decomposition products, thereby aimed the fine-tuning of the SEI layer property.

As the initial phase to prove the concept, we demonstrate that systematic functionalizations
of ionic liquids.

1. 448

U F 7 A(Li)FR mwmiXW%~&WM@%ﬁAﬁw'ﬁ§<@ A B MR S
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EFEOHIHA gz7"J§J: (2 nm FRJE DR T S 3 5 A ENRE#NE(SEL Solid Electrolyte Interphase)
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Fex OWFFETIX, BT IREN & 3R OFIE 2 517 LT A A KR~ DL EAf
_;@\ﬁn@b@m&%Lmﬁ%E&LTwéoﬁmm X, 7 RRZRT7=F L0 bEWn
TEAL TR IR T DA L2 O A HF A4 (Im NS E %2 T ImY B~ DAL E R
7R RG VDB Z1T o 7o, BRI, @ﬁ@@%%hf%a@ EER A A QNI VA
LR A A IR % BeBERIC R S 2% = £ 1T L % SEI O 2 8485 L T 5 (Fig. 1),
HEMHTIE, Rarv7 hoOF B L LT, RN LZERM % it L7z Im SR A A IR
D3, SrfiREEALSC SEI AHRRKIC B 2 DB & Hhl s 35,
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Fig. 1 Schematic illustration of the stepwise decomposition of ionic liquids for tailoring SEI layer.
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T o TofES, FERD Im"IZ RO IC E— 7 DB S 723, £ OB ICENMITEDN R B
> 7 b L72(Fig.3¢), ZAUE, RIGEALOE - REIMEOENE KB L TR Y | DFT 3HRIZL 5
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MR L IIRES BRLZEID RN, 7 yHRZRmE AT H Im AR TIE, ImAkoe—7
7 NCEICHIRICEER T D) T SR WE S | BRI O 3 R DS Fe MR S a7
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UL EOFERIE, Im" B #& E~ONLE SR 72 FHERM A BT fREN I KX O iR R o
BIRAHENC 5T 2 TRtk 2 R T2 b D TH D, BELHIL, YFEETHEL &
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Fig. 3 (a) LSV and (b) XPS profiles of BDMIm-based electrolyte. (c) Correlation between the
reductive potential of the electrolytes and LUMO energy of Im* molecules.
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Polymer-assisted deep supercooling of Li salt: A New concept for single Li
ion conducting liquid electrolytes
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To achieve carbon neutrality, interest in electric vehicles is growing dramatically. However, the rapid
charging/discharging ability of Li secondary batteries is not sufficient to meet customer demand in
automotive applications. Recently, the Li* transference number (t;;) is increasingly attracting attention
as a key factor to further improve the rates of charging/discharging. Although various studies have
reported an enhancement of ¢y; in liquid electrolytes, the recent studies found that lithium molten salts
have a potential to achieve t;; ~ 1, i.e., single Li ion conducting, in a battery cell. Here, we report a
new concept of single Li ion conducting liquid electrolytes that is “Deeply Supercooled Salts (DSSs)”.
DSSs consist only of imide salts with a small amount of polymer, so that it showed t;; ~1 even in
liquid state at ambient temperature. In our presentation, we will discuss the detail of transport properties

of DSSs and rate capability for Li secondary batteries.

1.#E

Li % R EM O FEHEIERE M LIS, EA A ARE R (g IS Z L & Li A A U iist,) &
AT 2 EARE ORIPNLEART R Th Y | H— Li A A A8V (e~ 1) 2 A T 2 IR E A
BORBLRIFRFSNTND Y, t~1ThH D EME 2 Az ZREMOREHF & LT, EHEE
REMRE V% AW 2EARBRICERNEE > T DA, KR E LT, BRE-EMA O
R FHIRENE > T 5, iy, RERGHCAFIRIEREMEICB N T, t~1% EHT
LHEROLVUTNBRTEZ, WEEEET, T4 0T a o SR&M T T LIEORE AR
FERL LS\ TR Li ) OFANRZET 602 29, Ll b, %< o Li EidmEas &
e & BICE <, |RETIEASICRME L TLE S REN D -7, ZORBEITH L,
Foxld, T<HRE. LiA A ~DOBNMEEZE T L &0 F 2 MEIC LRI 52 & T, BE
f#? Gordon-Taylor 2\ ¥X> Couchman-Karasz 3 O TIIFMATE 22K 5 e U T AERRERFEE(T,)
DI T (B AT LELS) & # AL 23 Z 0 | SR TR NS L E 2B s HR IR (EE s A Li M
Deeply Supercooled Li-Salt (Li-DSS)3 5 b5 Z A L, MEL TE7e, Ll b,
Li-DSS OFRIRIZI T D 0jon (FAMEEMIR L LD LKL, 57250 ERROLNTEY
Li & WREMA~OwHIZE T, Li-DSS OFEMZe A A Lt B OB RS MEH & W2 D,
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Polymer gel electrolyte consisting of a highly concentrated lithium salt/sulfolane

electrolyte and a partially fluorinated tetra-arm polymer
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We fabricated gel polymer electrolytes (GPEs) with polymer network of fluorinated tetra-
polymers. Sulfolane-based highly-concentrated solutions were used as the electrolyte
solution that shows unique ion transport properties. In the highly-concentrated electrolyte,
the almost all solvent molecules are involved in the Li" solvation and can be regarded as a
solvate ionic liquid. We investigated the effects of the polymer network structure and the
side chain structure of the acrylate polymers on the mechanical and electrochemical

properties of the GPEs.

#E [Introduction]

BATO U F U LA A BTN, ATRMEOAEEMRIE P NN TND Z ENEL . KN
NRFEKD Y A7 g EREMITHREZ R 2 TWD, @7 VEMEIX. &5/ B IZEMR
KA AR ST EE BB CTH Y | BRHROIRIRIL Y A7 RS 2130, #h7 ek
R B B/ R R E A BT 5, £, BTV OIIFEMEEIL, By TR E 0%

\EAFT D, TERDESF TN, ma B OBEEICEHENELD ) 2, L—THP
Ko7V TEHEWSTEREE RGNS D Z L b N BRI LY FEEEITIEW, — 5T,

P35z poly(ethylene glycol) % 4y F8#HIZ W om0+ 7 Midm o FREE D ) — T, mW %
BEEATDH I ENMLEN TSN, KHFZETIX, RAFT EAIC L VAR LISy 7 v Rk &
T AUEE & RO U0 3l & o3 1 A BEARIR P CHRE T 2 2 L CONVEMBEEAER L, 2. &
FRURIZIL, FER72A A Vi EIC L0 @V Y F U AL FUlEFEE R T EMEINT0D X
VR T ACY F U LG E IR TSRS E o LUEIREBAREZ Az, ¥ LitHE miRE
TR S T IR IEERIE TR 1LY T U LA A U ACEN LTS E L D 2 b —F
DVEERA A RIKE LTHRTZENTE D, ARERETIE, @Ry NT—7 O L
i 57 F OAEEAEIE S 7V EMFE O J) R L OERIL R A ST 5,
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2. £E& [Experimental]

Methyl ethyl ketone (MEK) Z VA4 12 FHVN T, Fig. 1(a)0> &9 I E REME R SH R B 7 (tetra-CTA) &
FH TR A 0 BA ZLE 85 B B (RAFT) & 12 P4 43 15 poly(2,2,3,3-tetrafluoropropyl
acrylate) (tetra-PTFPA) 2 A ik L 7=, £ D%, EAHAEIK & %Y%E@Eﬁ’ﬁ& LiN(SO,CE3),: A /LR T
v =13 (BN EIRA L, MEK #rE L7205, 1,3-propanediyl diacrylate (PDA)? [ A ¥iii &
tetra-PTFPA (& 51C RAFT HE&1T 5 Z & T R Wl FREZ28E Ly U —
7 R LTz,

(a) [Li(SLENTFSA] (b) !
PDA " i
AIBN iy ! @
NN P UG T U Y o 8
e [ 5 b
i ' oo FiC™ % ff "CFa
&y i
RAFTE® RAFTES Telra-CTA TFPA PDA | sL LITFSA
(Initiator) (monomer) {linker)
Tetra-CTA TFPA PDA

Fig. 1 (a) Schematic image of GPE composed of homogeneous polymer network by RAFT method. vl

(b) Chemical structure of components used in this study.

3. #E R & & [Results and Discussion]
7V —Z P NEATER L7 GPE(E
TIRE 20 wt%) X, H O FFED & 5 [E(Fig.
2@)NM 5NN Sk L, RAFT AT
E8 L 7= GPE (%, H C3FiE% FiolE(Fig.

348 ) N N EUAN Fig. 2 Photo images of the GPE prepared by (a)
2N DALE, EDD. WO free radical polymerization and (b) RAFT

FTCHNVEVERISG D Z Ll L - T, JI%F5RmE  polymerization with polymer content of 20 wt%.
a2 &3y nD, £, Figd I[2&

1.2 0.7
R L OV VBTG DA o AGEE L i

10.6

_‘
=]
T

O A AR T U, A A AR el
HFROHECL Y S50 GPE bAMILE g os
DIRFLIMEZR LTz, VF U LA AR coa
I%. Tetra-PTFPA gel Tl 1:=0.64 & B2z 7 L 02y —
0.0

FLRIEAD Tetra-PMA gel & bl L TRV MEZ SLLITFSAL | 2 e PuiA

LT, T, TFPA OIBHIZAAAET HEEYE  Fig.3  Ionic conductivities and Li* transference
FEDEWNT T kN ERIET DT =4 % number of the GPEs and electrolyte solution.
D =) Fa, A =

7y 7L RIS LIFOBBER &S 50l EA b5, YRIE ERLEZES
IVEFE OBRICFELENER K0 FEMR D FREIC O W THRET D,
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Cations Effect on Polymer-Assisted Anti-Crystallization of Alkali Metal
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The demand for rapid charging and discharging of alkali ion secondary batteries continues to increase,
and for this reason it is essential to improve the cationic transference number (t:) in the electrolyte.
Molten Li salts, consisting only of ions, do not cause concentration polarization, so that high Li* transfer
numbers (#i~ 1) have been reported. Although most Li salts have high melting point (7> 100 °C) and
are crystalline solids at room temperature, molten Li salt can facilitate formation of interface between
electrode and electrolyte owing to the liquid state. Recently, the addition of a small amount of polymers
was found to suppress crystallization and yeild supercooled liquid (Li-Deeply Supercooled Salt, Li-
DSS) that is stable for a long time at room temperature. Li-DSS achieved high #; similar to the molten
Li salts. In this study, DSSs were prepared with various alkali metal salts (Li, Na, K salts) and polymer

to elucidate the effects of cationic species on the formation of DSSs.

1. #E [Introduction]

=Ry =a— 7 NVOEBIITIZER A B ECEEN S EMOS MIEROTZH, Li A
BRI EMREDO M ENEERMEL /2o T D, RMEOEEIIZITEm WA A
MR A T, @ Li A A i) 2~ T B E OB B LETH S, EROAHKE
R T Li A A R MK < (1< 0.3), KER TOFRIRERIC Li HOMRESWNA U, A7
KELbE LT3 2 EndE I Tunalil

ZOLIREEND, @A T ARENEE ED LA AR~ DB WSS D EMRE L L
T, WREEARERENER S TWDR, L L, EREAL ITEM S O R EEE-CiE 7 o
TRk A IRARER B D,

fih 5, FEAESEICAFRIEERERE TEV LA T U iiR (i~ D2 ERT 5 FEE LT, L
% iR T CRME S B0 Li B2 W2 HER S 5, Wl Li IR ESOJRK & 78 %
WIS T aE £ e, MWL A A V2 RT 2 ERMEINTNDE, UL, Lif
RS SRR MEDS & BIcE <. BEMETIEBSICEBILLTLEY LW I HERS D,

ZOFREICR L, Y= T LiEICEN O H Dm0 T EMEICRMT 5 2 & T A
7 AR O T LRSI E 20 | |IRTHRINCZE R AR AEGREAG A Li
#i: Li-Deeply Supercooled Salt) 355415 Z & &% L, G L TE 7z, RRIT, BIKTHY

193



RIRBEV LA A VR AR T2, K RER - ERE R R X 2k
RE I k% BT 5 BARET & L C oMM et B 5.

AHFFETIX, e DT NAH Y ERE LSS TOMAEDOEERF L, EEHELOFRE A
71 = X L OFEBNZ AT TR AL EE S A B Lo O E 21T o7, RS, o7
NV ERILFETH D Na R K RICOWTHRBMHAMEZER L, A4 L ERBER DL ED
PRI AL BLGR DIE A A R FEIC S W TRA L 720 THRIS T 5.

2. EE& [Exper imental]
TR G DSS) X7 v ) &gt & &y &

EEOBE TIEIT € b= Y VCER- R M o M k:ﬁ
ST, FEGRC LY (ERLTZ, 740 Y .

- FCy & F FY 4 |
& BT R AR AR TRE PR DRV A S R

HE(MFTA, MFSA: M=Li,Na, K) &R L 7=, &%

I, FEREE S T TAB VBB T (M =Li, Na, K)
OB YA N EAFT D poly methyl Fig.1 Chemical Structures of alkali metal
methacrylate (PMMA )% 134K L 7= (Fig. 1), salts and polymer.

MFTA MFSA PMMA

3. #EER L EE[Results and Discussion]
BEICHRE STV 5D Li & & [RIBEIC, Nath, K

CENEREN TR ST L TELORBE  E| e,
MEARD Y ERICsOT bR RELRow g T
A HIE(DSS)23& H A7, Fig. 2 12, FHHAKIZD v ; o

VORI BB RBIEDSO) THIE LI BARE 3 [
{LOWRERT, Nafil, KICHBRT)ICHET 2| | KFMabstos
DT e T R T T AN -1 U U .
WICEH T AR LR TS 2RI ARRE 9 —
ERRONT . BAKKEICHD Z EARRIN e a0 e
oo MBI, AN Y BBA T AL OB IR Temperature / °C

HMEBBRIC G 2 2 IO TOBLEITMA T, ) , ,
e 7L S i /L R _ Fig.2 Comparison of heat capacity
BARULFHITE T DL ToA A kR EIZ SV T change between the pure salts and the salts
FELUAER LS CHET S, with polymer additive.
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coated hetero-core optical fiber surface plasmon resonance sensors for CO>
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This study aims to evaluate the response characteristics of the fabricated CO, sensor by coating
two kinds of mixed ionic liquid (IL) - polymer film on the hetero-core optical fiber surface plasmon
resonance (SPR) sensor. The two kinds of polymer used in this study were polyethersulfone (PES) and
poly(vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP), both of which have CO, adsorption
characteristics. As an IL, 1-ethyl-3-methylimidazolium tetrafluoroborate ((EMIM][BF4]) was used. We
experimentally evaluated the performance of the fabricated sensors with two kinds of mixed films of
PES-IL and PVDF-HFP-IL. We have successfully demonstrated that the PVDF-HFP-IL mixed film
sensor has superior performance in both sensitivity and responsiveness as compared to the PES-IL mixed

film sensor.

1.#458 [Introduction]

COL TR 4 223 BF CRE ST Y . RS TITE LR CORE THIEZ1TH> 2 & TF
OILERHINT D Z LR BN TN D7, @7 CORERENLETH D, 1ERD CO,
Y TH B IEFEAFRIRK COr & it v EBICESIBE S 2RO Z L DB A
ADEEZTHE NI RENDDH, —JF, 77438 Fidt o HRICERNE R E R
TP B A ROEBEEZ T e\, L OIEaTRORLD 2FEONT 7 A NEFHEA
g Lic~Toar 7y A e FOREETo2N, Zov IR SIERTE, &
I ICESRERA RIS 228 T, ~7ear? o 7 A A\RES T X 30
(SPR) o HE L THEHTES, MEFRBEIILLTOLIIZR-sTWD, T, arEZohi
RHNTRaATEHTERLEN 7 Ty RBICIRRL, = ARyt y MEIZX->TERE 77 XE
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P EN D, O FHOEITRNPELT D & LAUTIE T T SPR IGE R T
2D, 2ok, ZhvamTsZ e Tt LTRIATE %,

—J. A F ViR (L) RV~ —OHIZIE CO ZBRMITEE - WIS 5 b DODH H AL
TWD, RBFEEO/IATE W CORINBEZFFOEED IL &, /bR Y ~—IZ k> TAT
AT T AN CHICEE L CO At Y 2ER L, Z0' I HERRIC OV CERHE
L7zB, Larl, ZOMETHELNER TIHERED CO, ZMIETE 21X EDRKEITGES
TRV, £ 2T, ABFETIX COWIREZFF o7 WALR Y ~— DR Z 2 SH. 55
NizA v FAE~T B aT 7 7 A /3 SPR & D CO, HPERED Ll 24T - 72,

2. £8% [Experimental]

~NTRATHT 7 ANSPREUVIE, 27RO um O ALFE—RET 7 A2 THE3
um DY T NE— RHT 7 A N2 20 mm A » flE L, £O~T 2 a7 HENIZE S 60 nm D
DA S 2 ETERLe, AU ~— IL, AMEEAZEHEEL1:1:10 TRELER
U~—IL BRI, (ERL7- T 7 A XY 2R L, fEFACE & EF 5T 4 v 7 a—
T AT EATIRD, TR T oY 2R LT, ARFEETIIAR Y ~—IZ polyethersulfone
(PES) & poly(vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP) . IL (T I-ethyl-3-
methylimidazolium tetrafluoroborate ((EMIM][BF4]). A& 412 N,N-Dimethylacetamide (DMAC)
R LT, COGERERMCIE, (BRI L= T2 HATF v o SNICEE L, fitEitE H
WT COy & Ny % 30 3 ORZAITHTT Z & THERBRZATR -7, JEHIZHEIR 850 nm ¢ LED M

SIHEN ST — A —=F— & e,
3. #EER & =% [Results and Discussion]

0.06

cO, N,
0.05
Table 1. Performance of PVDF-HFP-IL Sensor

0.04 and PES-IL Sensor
o
=0.03 Polvmer Sensitivity / ~ Response Recovery
2 I 103 dB Time/min  Time/min
z PVDF-HFP 38.7 6.30 1.30
g 0.01
2 . PES 6.27 10.3 1.67

-PES
-0.01
0 Time / min 60

Figure 1. Sensitivity of PVDF-HFP-IL Sensor and PES-IL Sensor

Figure 1, Table 1 | PES-IL #*/V[EE & > ¥, PVDF-HFP-IL % /VIEE ¥ o Y O BRI E
FEHLA R H#EHE L V) . PVDF-HFP-IL ZVEEE 23 L 0 B EFE . SRR . [al4E
BEZ R L2 &0 h, IL EE{EARY ~—& LT PVDF-HFP 28 L 0 @) 722 = & 3o 7=,
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Development of cellulose ester resins using automatic synthesis robots and
machine learning
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This research aims to transition from petroleum-based polymers to bio-based polymers by
developing cellulose ester resins. By dissolving cellulose using ionic liquids, various
substituents are introduced to adjust its physical properties. Additionally, a system has been
established that efficiently synthesizes and evaluates materials by utilizing automatic
synthesis robots and machine learning. Using Bayesian optimization, the goal is to accelerate

the synthesis of high-performance resins and contribute to a sustainable society.

1.#%E
AARTEIT, FrptiTRe 2t 0 FEBRZ BfE L. BEIGRHCEEE LM E Z2IEH L Tere—2R
T AT ABIE OB EZIT> T\ 5, Bru—RTallEkr o7 2F v 7 OREMEE LTHE
HEINTBY, A A RIKEHEHT 52 & THEEL, (LFEMPFETH D, ZhiTkD,
v —AOKRIEE e Tpm AT VIR BB L TR A TR LT RBIR OBR R S AR & 7e o
7o LU, EROFETIE B -RIE-BZE] OY A 7R ZZE L, DRA97B%E
MEELWNEWIREN D -T2, £ 2T, AR TIL A BV G REEE & B E 2 a6 b,
WO TR & EERBRIIR ORIE e B R AT 7R o 72,
2. EER

T m =R, A A A EmimOAc & A F 2L F T B (DMSO) OIRA I iE
S 4, Vinylacetate 72 E DT AT ALHIZ W TG S E 70, KISk, BIREEZ L2 k%
T, B R R LT, ZERRIT TH-NMR TREZ R L, 7 m—7 X% —, DSC &
TERIRFEZ 3t LTc, T8t O E IS iR A AV 15677 — # &2 LITHER
FEHETVIHEAL, 5l 0 BE (MPa) &MU (%) OFRIZITo, 7—F &y I
E. = AT U ENTeBvn — 2D 7 VOVIRRFE & OBBENER S, U A @R
T VAR L CHFEREEZ PRI L=, £72. FHIZHE-S < Upper Confidence Bound(UCB)
EENENGHE L, TORFHVBERERDEEROERHRBRME L TRE L,
S HEREBR

1, Br—RAZ X7 VDR -8R0 B &R TR A 7 AW EGFE T L% 5
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MUTHEREEZTRIL 2R TH D, M2 IFEROT—Z & FlMEL 2 RotZERICT 7 v b
LI TH D, RELAITRVETERINTEY . ROFEROEGHMEAZ R L T\ D,

B EEET NV ORER ENSTIliE, 7=y OBV ETH D, 4%, SHR
L7 —ZINEEHED D L L HIT, BEERROET VONA/N— T A —F 2T H 2 &
T, THREZA ESEDZLPRETH D, MAT, 5lo0RY M L MORICHET HHE
Mz X0 R<EM L, miEeMEGH2 BIES 2 Lk bh s,

C2 C3 C4 C6 Cs8 C10 m?; Predicted_Tensile_strength(MPa) Predicted_Elongation_at_break(%)
00 00 00 00 00 0.2 0.2 14.9 26.0
00 00 00 00 00 04 04 19.7 245
00 00 00 00 00 06 06 249 23.0
00 00 00 00 00 08 0.8 304 213
00 00 00 00 00 1.0 1.0 36.1 19.6
28 00 00 00 02 00 30 12.4 13.5
28 00 00 02 00 00 30 10.6 135
28 00 02 00 00 00 30 10.6 13.5
28 02 00 00 00 00 3.0 10.6 13.5
30 00 00 00 00 00 30 10.6 9.5

12 A0 ZWREEIFIC LD FHT—2

Prediction Scatter Plot with Highlighted Max UCB Sum Point
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03- 20 A 7
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Transesterification in Twin-screw Extruder: Precise DS Control

Shiori Tsuchida, Romain Milotskyi, Naoki Wada, Kenji Takahashi
Graduate School of Natural Science and Technology, Kanazawa University
e-mail address  [shiori0206@stu.kanazawa-u.ac.jp]

In recent years, it has been required to develop products made from natural product-derived materials
rather than petroleum-dependent products. Therefore, cellulose got much attention. In our laboratory,
we have been using the ionic liquid (1-ethyl-3-methylimidazolium acetate) [Emim][OAc] as a solvent
and catalyst for the esterification of cellulose. By using ionic liquids, three types of hydroxyl groups in
cellulose can be chemically converted at once with multiple substituents in any ratio and degree of
substitution. We have successfully synthesized complex cellulose esters in a batch process. Continuous
and mass synthesis is necessary to bring these materials to society from the laboratory. Therefore, we
focused on a twin-screw extruder that has high torque and shear action and can continuously mix high-
viscosity materials and chemically modify. In this study, screw conditions were examined to develop a

mixed esterification process using a twin-screw extruder and to control the degree of substitution.

1. # & [Introduction]

BUE, AHKIED O RIMHCR OB GBI ~OBITHRRD N TEY . BAr—2ANEHR
SNTWD, LaL, Bre—R3BOKERE R D, KSR AEREIC#ERETH
L7, FHEMREPRNETH D, ITHFE, A T RIK 1-=TF N-3-AF A I XY U U LR
([Emim] [0Ac]) M/ B —RAEREMTE D2 EBRHE SN, AFREETITZNEFHLCE
NE—=ADTATMMEEITS>TND, A FARIKICE Y, HEOBEBRELTEOFIG THA
AREREAE T AT ANEREND, KFEETIET TNy FRUToEGELIE—RAZ AT
VDGR L TWDH N, HEFEDO DI TEE REGHR I LETH D, DD,
HHIR BRI % 2 FH 7 e G I HR W A A, EHEZ oM B2 BHEL T 5, AWFETIE, =
HHEMF I XL DRE = 2T W7 v 2Dk & EREGIEZ BNE LT, X7 U=
AR LT,
2. EE& [Exper imental]

THESR IO N L LA 80°CITINEAL . A7 Y 2 ORREE A 60 rpm IZFRE LT, A
7V 23T A MERN 725 Screw 1 & Screw 2(X] 1) & H\\ 7=, Eva—2RITEA
0725 0.6 g/min TEGAIZALG Lz, £72. H 52> T EmimOAc/DMSO(Dimethyl

199



Sulfoxide) (1/3,w/w) & 72 5 X 9 (ZFH%E LI2IR Gk % Port 1 7~ 5 5.4 g/min Tulfflfs L7z, &
Na— AP ZERNZENR TED Z L2l L Tnb, FL——& LTEM{kEk 29 &M
Z 72 EMIMOAC/DMSO ¥ 0.5 ml 2 1ml U > TPort 2 22BN, 1552V 7 %A
W U7z, WEEFHCHWEZMIE L, £ ORI 2R 7,

T n = ARENLZERNCEIN TE 5 Z 28 L Tnb, =27 /UEHIZ Port 2 7> 5
ERCHEE L=, = 27 LRI, B a— 2o KERHE 3 mol (2% LC 2 mol 23 & X
L5 & 91T Isopropenyl acetate(IPA) - Vinyl Decanoate(VD) %z & 67 UDIRAE L THE Wb D%
MWz, ZOx AT WAANTHEREZ 2 2 T 3FEME Uiz, #7 UH S V7o BOSH IR 2 KA
& ) =) (U1, wiw) THH L7z, ZERIZKIA Z 7 —n (U1, wiw) T4, 70°C T — R
JERZIR ST, 15 DAV AR O —E8 % EHLEE L 00 72 9012 DMSO-de 5K CHs i < &,
Trifluoroacetic Acid Z 1% 7=, %D 'H-NMR JIliE 217> 7=,

Screw 1

Screw 2

LNRLNRLNRLNR LNR NR
1. B2 LA MERDA Y Y 2
3. #EER L EE[Results and Discussion]

RN, B ORI L T OB, IO T L% 100% & LCHEH
L7z, Screw 1% 10~114y, Screw 2 /% 14 43 Cd o7, Screw 2 & HV 72356 O J5 DA I (]
TEL e,

WA R SRS < 220 | RUGEIEE S 2B L EABNG, £IT, W
BRI T L 0 B VKSR L 725 7= Screw 2 % FUNT CAD %Ak L=, Ak L7- AR o H-
NMR A7 R, BHEE(DS)DE 21T -72 Y, HEOBMEICxH LT, =27tk
ADOLREZEZTH, BHRE 2 IZEWTRIGHRITBE L 100% % M L7z, BIEOBEHRE
2L Lo, EHREITHEETHD Lo,

T AT IALAID BLEROE N K B B S

T A7 WALAIOH] | DSac | DSpec | DS At | KItEE®%)
IPA:1.5, VD:0.5 149 | 05 1.99 99.7
IPA:1, VD:1 0.98 | 0.96 1.94 97.0
IPA:0.5, VD:1.5 047 | 15 1.97 98.5

A7V 2 (TR A 07 SRR 2 XS 2 E N TE, MISEN BN 5T, KV
RERI 23U Screw 2 2 W= 4 EIO 7 ot 2 CHIEB#HE A 2 & LT CAD 24 L7-#
R, BBXZ100%DEHRZER L, BREOHIEAZITATZ, 4%, S6R57nt AW
BE2ITH 2 & T, MExRBEHEICHIE Ll — RBET AT L OER A8k I TS =
ERHIFEN D,

4. References
1) Aoki D, Nishio Y, Cellulose, 17, 963-976 (2010)

200



P57

BEAFIZEDEILS—EHEF

(BRREET) OKEFHER, Wb KEIELE, mfaEe, RS
Cellulase inhibition by zwitterions

Yuta Mizuno', Ayumi Hachisu', Akio Ota?, Kenji Takahashi', Kosuke Kuroda'

Faculty of Biological Science and Technology, Graduate School of Natural Science and Technology, Kanazawa University,
Kakuma-machi, Kanazawa 920-1192, Japan,
2Faculty of Chemistry, Institute of Science and Engineering, Kanazawa University, Kakuma-machi, Kanazawa 920-1192,
Japan
kkuroda@staff.kanazawa-u.ac.jp

Zwitterion is one of the most suitable solvents for one-pot bioethanol production. However, the
inhibitory effect on cellulase of zwitterions was different depending on the structures. Furthermore, the
inhibitory mechanisms still have not been clarified. In this study, the various factors of inhibitory effect
on cellulase were investigated using zwitterions with various length of side alkyl chains and spacers,
compared to ionic liquid. The inhibitory mechanisms are categorized as the pH effect, reversible and
irreversible inhibition. It has been found that the long alkyl chain strongly inhibited cellulase activity.

1. ®E

BEEHAE LBRWIERATEMEANA A~ AL TR E T F 2 ) — V3 ER STV D,
ATALERYAIE & LT, A AV IREDR NS T WD, L L, A T RIS m O 2 O b
{EREEOBE ZHELCLE D, £/, A, Hb, BEZH A ITH>8HETlE, =L
XF—a R BP0 D, €T, KEEORTLEREZ W2 To 7 et 2% 1| DOREN
TITHO U VARy MEENIIFESND, I E T, YFE=E CIHEEME2 i B R EE & LT
AIES VT ENTF AU VR BET =4 R ORMEA A OBBIZRBI L), &6
2, BEA A DOFRTYH, ZOMEA AN U Ry MAFEIZHE L TWD Z &R Iz
2, LovL, PEA Ao D hF A L AUHS AR

— Y —DEWVR I T —BIEMOREIC KX 7 Zwitterion ‘ lonic liquid
WEE 5252 EIRENT, ~ ., 9 ~. @

Z ZTCAMZE TR, A=Y —D R X %%$¢W4¥d /N¢MJVKJ
NI B WA A (Fig. 1) AL, B Ca-1jMC,C [C,mim]OAC

7 —BIEMEOERAZFME L, iz, A a=1,24,8/b=35

FV 77 A F V=12 HWBNA A F ik Fig. 1 Zwitterions and an ionic liquid used in
([C:mim]OAc ; Fig. 1) & it L it Ly,  thisstudy.

2. HikELHER
2.1 LA VIZKBEHEE

WA A DN T —BIEHICH T DB LA Lic, WA 4 Wik E 24 0.5 M
& TR TR R s B L e — & (Avicel) & /LT —F (Cellic CTec2) %Mz, 24 KEfH]
BTNV a—AEEEH LT, Z7va—AEEELT —BIEEE L, BREEEERT T
TG D ENENRUNEA A2 /A A AR T ORI 7276 M 2 5l L 7=,

I F A AMNEDE L 72 D128, IEEEBLE L7z (Fig. 2), FFIC CimCsC TiE, 1AL
EER RSN hoTe, Tl F A AMEHE RRICA R —RNEL 725 2 & CIEMZHE
L7, £o T, BT —BIEHEOREBIITEA SN DK ST, T LEHENEE L
TWAZ EREni,
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2.2 pHOOEE

2.1 OFEBRTIX., 0.5M OMVEA 4% 0.2
M OFEEEFRERR CHM L TER L=, 207z
D, WO pH WAL L= mREMEN H 5, £
T, 21 OFERIZHDEOEES VAR
ST-BKE LT, pH DFELZFE L~
WEA A 1A A WK% 0.5 M & TefElE
FEER O pH ZIE Uiz, WA A7
FOAHEIEIFE L CpH X, 5.5~58 £ TE
fE L7z, [Comim]OAc ® pH & [RIFEE TH -
7o pH DZENEIL T —BIEMEIZ G 2 5 F5
ZHAL L=, pH 5.5~5.8 OFFEATEER % /E
L, 2.1 RO FIETIEMEEZRIE L=,

pH 5.5~5.8 D TIXIEMEICIZ & A ERE N )~ 7= (Fig. 2),
pH) &% ETRMED 80%FE TR T L CWe, pH OE(LIXIEEE T 503,
EIRENT

& DFEE pH Z{RIC S R

2.3 LIS —EEHEEEESE

S.R. Summers® H 1%, A A UKD R
7K S — OFEVELE X AT L E & R
AW EO NN D Z L WA LT
Bo T, FEH LIZXMEA A4 DR ED AT
IR DONRAIE IR O AR LT, WA A
VA A AR E 0.5 M & e B AR s
T —E% 30, 180 iz L1z, TDtk, Mk
A AP BIREEZ T 72O 2R IRE (0.005
M. GimC:;C DA TiE, 0.0025 M) ([ZAK
L BT —BIEMEERHME L7z, 30 iR LT

Tﬂj: C41I1’1C5C Csll’nC3C T j {ﬁl\i%ﬁﬂ
f%btﬁ
P A AT 2T T2
T 180 4
FEHIBHLE DO SRR & TN, £
%,

[Comim]OAc Tl 180 73iz L7245

TN DR A A TIZFHE Lo 7=, 180 43

[y
o

e
-]

e
o

o
B

<
[¥]

Relative cellulase activity[-]

Fig. 2 The effect of pH on cellulase activity
(black bar: 0.5 M zwitterions, white bar: buffer
adjusted to pH of 0.5 M zwitterions, plot: pH of
0.5 M zwitterion).

ZD—JTpHS5.0 (Fii

BEA T
1
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goa
§04
202
0
'{\9’\ gg' g’ gg' Q,'(s" gs" GSJ 0?""
&
¢ TS S

Fig. 3 Cellulase activity after (white) 30min and
(black) 180min immersion in 0.5 M.

HR LA T, Bit2 2O

C]ll’IleC C411’I1C3C C411’1’1C5C 753/3 I\i%lzﬂibf;o C11mC3C & CzlmC3C
TE TR LUTHIEEZILE Lo 70, PLEDOFER S CiimCsC & CimCsC T,
TSN DOBNEA 2 TiE, AW ENEE T, S
Kﬂiﬁjé’ﬂﬁﬁ?@t%’iﬁ“é iT/I/ﬂE/bf‘éE WCEERLTWD Z Enghot, iz,
(CTEPEDMETT L7z7z s, AT gL E 2 S S e, HHME

MPEA A2 D CiimCsC | iﬁﬁfﬁﬁﬂi%ﬁéiﬁi))o el A F IR OTTRRMEA A &)

HIEHEZLE S ET N
EVm< LT —EEHEL TS (Fig 2)

BUEA A %Tétw7—ﬁ%@m£@gl%m17¢%@

iﬁﬁ—é — & ZJ)—(%f\—o
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Preservation of cell spheroids in low temperature liquids
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There is a need to develop technologies for long-term preservation of organs. Preserving organs in
liquid at low temperatures can prevent damage to organs due to ice crystal formation. We have
proposed zwitterions as cryoprotectants for cells. In this study, we investigated whether mixtures of
zwitterions, dimethyl sulfoxide and ethylene glycol, which have intracellular permeability, would
show excellent preservation effects on spheroids. Spheroids were chosen as a preliminal model of
organs. The cell recovery was almost 100% after preservation at —25 °C in the mixture containing
10% or 15% of OEimC:;sS.

e

BUE, AR TR R —llass R 2D & 2> TR Y | lEs O R IRAFEIN OB
MBKETHD, R, B rEEIE 2 2 L7 KR T CTEMRGET 2 HIERRD 5T
W5, KRN THIREIREECTRFT 2 2 E N AMREIC 2 U, BREHIOKMERKIC L 2B EE 5
Zég&@<$ﬁ¢%ﬁié@égkﬂf%éo%:TKmTT%@#L@“ﬁﬂ@@@W
ERRTHEEBEL Lz, 2 E THRAITEHRERTAIE L CTREA 4> T 5 OE:imC;C
BRELR VY, BEA A NTERE2 AT D 72 DK Z R < 32 23, (KR T T
REEZRDICITEBEICTIMNERNDH D, L LA 4 NIMEIERBETH L 720D, &
RETHDH LIZBEOREIZ LV MlaEE S 25, £ 2 THaNIREED Y A F VAL
A¥T R (DMSO) Lx=F L7 a— (EG) ZHAELE, Ml ~DREEDZE LB
W5 L& ISR OK BB RIRC I 3 28R & (ER U 7o, Bt & L Cillha
HThd A7 zuA RERIERELF LR, 10 wt% OE,imCsC & 20 wt% DMSO, 20 wt% EG
Z G e /KIEIE CIIRTFZICE WIEIER G N, AR T, S HICEWEINEEZE L
DRMEA A FEE F DOWREERR LT,

—— OEzil’nC3C OElel‘lC}S
2. EB& 9
f K%N /NM \4 A,>N N~ TQ'o
AWML T L7222 TOEHKIZIEL 20 wt% DMSO
L 20 wt% EG REaENTW5D, ML A ix CimCC CiimC;S
™\+ Q \s o
OEzimC3C\ OEzimC3S\ C1imC3C\ C1imC3S (Fig. 1) D) /NVNMO' /NVN\/\/(\S)\‘o’

AFERE A V., TEEEA 5,10,15,20 wt%IZa%E L7~ Fig. 1 Structures of zwitterions
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INHOEKEZMNTE M AT ) —< BEBMESFH (MAFL) A7 =mA K (2.0x10*cells/
spheroid) %-25 C T 10 HHEIARRAE L, MRERIEE O MR RN 2 fd8 L7z, IRICFERO %
o MWTMAFL A7 =m A RaK ET1RHRFEL, WA A7 zv A FIZEZ 23D
SR MRREIR I K 0 fesB Lz, BICRIZLL T O X 9 ICFE Lz,

10 H £ 721 1 MERE o R
Llﬂ?(y:
B (%) Py TRER

S IERLEER
KRMEA A WA FANT MAFL A7 =i A K& 1807 . r :

10 IR A L 7=, 2 R, AT T 10w & _ o -
@o&mgc%ﬁ&ﬁ%u\sm%®o&mac%ﬁ%ﬂw : : IR,
L 10, 15 % OEimCsS Vil A Fl o b & o/Efes 8 10 1
IXEWIEIR R %28 L= (Fig. 2), — 5. CGimCC, & .

CimGCsS K TIZENEMELS | 80% 2 2 5 b DIX == - 5 ”

M o7z, OEimCsC, OEximCsS (TSI A Y T — Concentration of zwitterion (wt%)
TEHERD, GIimCGC, CimCsS (TSI A F1Ik Fig. 2 Cell recovery of MAF1
RO, kD, AT zu A FERBIRFET HERIZ  spheroids after 10 days preservation at
FVU I —F AR EONMEA Ao FRE L ¢ 25 Cinthe zwitterion solutions.
WD EHERI S D, F 72, OE2imCsC (2 b~ OE2imCsS,

CimC;C {ZHAR CimGsS DG BEUE RS F -7z, = 0T ' " oemor
MUIR 7 = oA FORBURIFICEN T, 7 =4 L Hins %m:___ Lo
AR R b ANBBOSTFELTND LR 8 B ownts e
Xz, E < EHNE | y
WIOK BT 1 REARMEA Ao RIC S b L, Btk 3 '
DEBE AT, T ORERINEA A 735,10, 15 wto o1

DI, ATREICEHCEURES 80%HI# T T
L . Concentration of zwitterion (wt%)
V. BWEIEREZR LT (Fig. 3), £72 20 wt% Tl
OE»imC;C & CiimCsC, CimCsS D[RRI T L7
—J5C, OEimCsS Tl EE(S, 10, 15 wt%) & [F
FRICEVWVMEZ R LTz, ZOREENS, 10 HERIFIZE
WT OEimGsS A AT = A FICk L TamWEERES R Z R Lc# il e LT, 7=F
VRRIC ANV VR EFED, RIS A ) T =T VAR OMMEA AT A T = u A RITRT
LHEENRNVNLTEEBZ LD,

Fig. 3 Cell recovery of MAF1 spheroids
after 1 h immersion at 0 C in the
zwitterion solutions.

4. References

1) K. Kuroda, E. Hirata et al., Commun. Chem., 2020, 3, 163.
2) Y. Kato, K. Kuroda, E. Hirata et al., Commun. Chem., 2021, 4, 151.

204



P59

REA# o AW EHEYM O EERE

(CRRELT., 2 A RRBE, ° @R, A RIEER)
ORI 1L BN 2, 8 —8 0, A REET

Cryopreservation of microorganisms using zwitterions
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Faculty of Biological Science and Technology, Graduate School of Natural Science and Technology, Kanazawa University
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3Institute for Frontier Science Initiative, Kanazawa University, Kanazawa, 920-1192, Japan, “Joint Faculty of Veterinary
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kkuroda@staff.kanazawa-u.ac.jp

To use microorganisms in researches, effective long-term preservation is required. Generally,
cryopreservation is suitable for long-term storage than subculture because it is low risk of contamination
and mutations. However, cryopreservation is challenging for certain microorganisms. We focused on
zwitterions (ZIs) as effective cryoprotective agents for cells that are challenging to cryopreserve. The
zwitterions are known for their low toxicity and ability to suppress ice crystal formation, and previous
research has demonstrated their high cryoprotective effect animal cells. In this study, we examined the
cryoprotective effects of the zwitterions on microorganisms and explore effective cryopreservation

methods. The 10% ZI solution was effective for E.coli and L.starkeyi.

1.%%&

WAEMIEFVRFEZILILD T2 OB TERERERZRIZ LTS, £07D,
WA ORI RIRIEDP RO BN TN D, —RIIZRIRAFFIEICIR, AR & R IR AT
WD, WRIEERIZA X Ix—va VyRBETERO IV A BH5T20, L0 EHRFIC
L CWDHAERFE WD Z EREE L,

UL, —HOMAEDITHRAERFEDNEER Z LR ON TN D, BRERFDEHE L WELE &
LT, BUERMRRE OKATERIC K MG, RBEIC K HMES A —U N5 b
L, TNOHDOMEZERT 2720, WRiRFAIDFEH SN TEBY, YAFALALERFUR
(DMS0) =° Glycerol 23 L < F1H 41D, T D DBHFERAAFAANIRMEE 22 E1Txt L TiIm O R
R A FFO— T, R REE R AW )T LIRS RN R A+ Ch D,

ABFIETIE, BESRAE DN EE L WE )9 2 B 20 e s IRati Al & LT kA A 1ok
B L7ce BUEA A 0%, IREED DK DT Z I T DR & 0 . Je 1 THFSE TIEEMH
Bzt U C iV REERFEZD R S R ST — o
Y, DLbEX 0 KRB CIIREA 4 D% /vam/\/myw
ATt D WS RERN R DRGIE & A %) 78
RS IR T ORSR 2 BN & LT,

o

Figure.1 The structure of ZI used in this study
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2 EREER
2.1 KEBE (E coli) DELERTE

IO, ZI (Fig. 1) % VTR EE % B %122 i

T, RREDRATENT 5720, R 5 60 |

BRAFFI L LTI IV BTV 5 15% §4°'

Glycerol, 10% DMSO & Jtli 7=, ZNZfifadE S 22

BB OUGHRAAI T b 5 7, KT 2 ESSSS5EEEL888
BIPKEITH T B RAEIIL A S E B2 258  NNNNNQRRS
N5, 0 BREREDEE LT B0, M £5°

TR O W (REHIC B 5 DMSO & R AT 5 2

ZEERRBLT, MR ORI BiEE
PR L. BASCRTEIE 2100 ulin z. C-80 °CT

Figure. 2 Viability of E.coli after five-time
freezing and thawing in the indicated solution.
PRAr L7z, SOZURH - W00 IRMAM DY 1 7 7p 4y Z1/DMSO/medium=X/Y/100-(X+Y)
VSRR R UTe, WAL O EFR =0 (W/WIV)

% OEREEIBRERTOAERF R E L, an=—7

Uy Mo THM Lz, ZDfE%. 15% Glycerol, 10% DMSODAEER N & 1 125150% T
STeDITHRE L, 15% ZUF95% & mW A FRZ R LTz (Fig. 2) o BARICOW T,
ZI/DMSO/E:HE (15/5/80, wiw/v) DAETFRITIN% E Fn- 1208, ZUHRRO B RA#EZ R L 21T
Ronigdoiz,

2.2 HMEEER (L starkey)) DERERTE

WIT, B DA R DTN 2 & §ﬁ§_
ME BT S IHERER: DO WG R F 21T > § 60 F
oo WERERAEIRIBE L AOFITIT S 20
2o ZI & Hed 2 st PRA7 771X DMSO, 5

N . N P - " +-— OO OO OO OO OO oo OQ OO OO Q Q Q

Glycerol IZhN 2., JHMEER: O BHERAEIZHZD é % § % g % g % % % 528

72T EBREATNS Sorbitol & AV 7z, & gg2g YNNNNQRR
N 288735

512, Z1 & Glycerol DIREWHIZOWVWT H %o 3

U7, FORER. 10% Z1, 15% Z1, 20% ZI 2

EMOIZS B IR WAEFRI RSN (Fig. Figure. 3 Viability of L.starkeyi after five-time
3) freezing and thawing in the indicated solution.

ZG-x/y: Z1/Glycerol/medium=X/Y/100-(X+Y)
3. References (W/WIV)

1. K. Yui, et al., Commun. Chem., 4, 151 (2021).
2. K. Mikata, et al., Japanese Journal of Freezing and Drying, 32, 58-63 (1986).
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Cellulose solubility and toxicity of aqueous pyrrolidinium hydroxide (V)
- Effect of pyrrolidinium hydroxide on cell membranes -

Miki Saitoh, Rinako Suzuki, Tamao Saito, Yuko Takeoka, Masahiro Rikukawa,
Masahiro Yoshizawa-Fujita

Department of Materials and Life Sciences, Sophia University

e-mail address: masahi-f@sophia.ac.jp

Cellulose is a naturally abundant biomass materials, but it is insoluble in common organic solvents due
to the formation of inter- and intramolecular hydrogen bonds. However, aqueous pyrrolidinium
hydroxide solutions are known to have the ability to dissolve cellulose at room temperature. In our
previous study, we developed a method for the preparation of cellulose hydrogels using pyrrolidinium
hydroxide aqueous solutions and evaluated their antimicrobial properties. In this study, the effects of
osmotic pressure and pH values on toxicity of pyrrolidinium salts were investigated to elucidate the
toxicity mechanism. In addition, we investigated the effect of the chemical structure of pyrrolidinium
salts on lipid bilayer among the cellular structures to determine the origin of the antimicrobial properties

of cellulose hydrogels.

1. #E

INET, BRIZBW T e —2A8fREEL b oK by n ) =7 MKEREZ VT,
rn—2t Fa 7 oERGIEORSE L HiEMEHh 217> T2 L, Kb r U =7 A
KR & UEMEOFARE 2 FEMICIR T 2720 . AR TIEFT TH B r U V=0 AR O EMHELE
HBEF Ol 2 B8 L, MladErElc 3 51R%F+E L pHEORELFHE L, Er ) V=07 A
YK [P1n][X]/H20 (n =2, 3, 4, 6, X = OH, Cl, Br) Z #ilad(E. coli, B. subtilis, D. discoideum))>3E.
W DIREICTEE L, TN ENOKBHRIZK L CREES KO pH ERIEZIT- 72, S HIZ,
UUIRE —HETHR SN D VR Y —2ZdotEFE 2z LIz b 02 ER L | [P1a][X]/H0
FCoHtEAaRBIHEZRE LT,

2. EER
o °q 1) 0 — VRE L == Bk S
ﬂ)m&mtmj/%ﬁbm@&®¢%kﬁmﬁfM&C CQX-/mw%w><Qow
H5[PI][X] (n=2,3,4,6,X=CLBr, DZRRUKIZIEAE L. /7 CHye HO ML Ih 7 CoHye
0.6 YEDALIRA I Z T2, #L T, H|RITHBWNT 1R [PuwIX] [P1A][OH]
n=2~4

¥R LT, AER L7 8B ek 2080 L. 3D KK x=cl,Br, or |
Scheme. Synthesis of [P1x#][OH].
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AT TEMER 2 W TR Z e LizDb, =/ R L
—Z = HWTHEM L, Kbt e ) =9 AKEK
([P12][OH])/H20) % {E#L L 72(zX), 'H NMR, FAB-MS &
(2 &V [P1n][OH]DIFE 21T o 72, (2) IKESUK D = B i 5
T —=IvT (v x—IKEE VT, [P1r][OH])/H20 DK
DEARE LTz, SRR OKSEDN 50 wi% 725 X
INTFHEE LTz, (3) 2B EHIE & pH EHIE [P1n][X]/H20
(n=2,3,4,6,X=0H, Cl, Br)Z#iid (E. coli, B. subtilis, D.
discoideum) D> FEWET D IRFEIZIFE L. 2 E N D KEEIKIZ

DNWTIRIGE L pH EOWEZIT 72, (4) JEE _FHfK~
DOEBORE BE —FEHFEET L ELT, U UIEE (3-sn-
phosphatidylcholine, from egg yolk)(Z & Y. 457 calcein % NG
L7c VAR Y —2EER LT, VAR Y —AIZ[P1n][OH])/H20
I Z B O et F U &2 S E R Ko THIE
L7,

S.HEREEE

1 BEXOK 212, E. coli 3 X B. subtilis 7358 L 7=
B EIZH T D [PIa][OH/H0 DRFBEDOMEEZ =T, &
[P1n][OH]/KIATR DIEFEIZI 1T HIRBIEME % 7~ E. coli |
KL T, WTFHOKBRIZBWT S, HIlRNK DIZ3E T

FITHE LUV 300 mmol kg™ & 72572, B. subtilis (Zxf L
TIZ. [P16][OH] D 74 300 mmol kg & 72 - 7273 [P1n][OH]
(n=2-4)TiX 500 mmol kg T DA Z 7~ L7z, MR 23 FEPR
T HIEE TO[PIA][OH]/H,0 DIRBIEIL, Brl =17 A
ﬁfz‘/wﬁlféﬁé:*ﬁ&%)&b\ Lol

X 3B LXK 412, E. coli 3 X O B. subtilis D3 L 7=
JEFE 23T S [P1n][OH]/H,0 @ pH E% 7R3, E. coli T
[P12][OH]. [P14][OH]. [P16][OH] CAEBRA A TH D pH =
9.43 XV LRV pHAEZ 7~ L7z, B.subtilis CIiX[P12][OH].
[P16][OH] CAFIRATH D pH = 10.93 LV LKV MEZ R
L7z, AREASSEIRT 2 ¥R FE CTO[P1n][OH])/H,0 @ pH fE X
el =0 LA FAOMEE EHEBEN N }:75>2b
MmoTm,

4. References
1) Seiler, E. R. D.; Koyama, K.; Iijima, T.; Saito, T.; Takeoka, Y.; Rikukawa,

M.; Yoshizawa-Fujita, M. Polymers 2021, 13, 1942.

Osmotic pressure of [P1n][OH] (E. coli)

Osmotic pressure of [P1n][OH] (B. subtilis)

/ mmol kg*

pH on MIC test for E. coli

pH on MIC test for B. subtilis

500

400

300 |
100 -
0

N
o
O

0

14

n=3

[P12][OH] [P13][OH] [P14][OH] [P16][OH]
Figure . Osmotic
pressure of[Pln][OH]/HzO
at which E. coli died.

[P12][OH] [P13][OH] [P14][OH] [PL6][OH]

Figure 2. Osmotic pressure
of [P1n][OH]/H,O at which
B. subtilis died.

9.43
--18.75

[P12][OH] [P13][OH] [P14][OH] [P16][OH]
Figure 3. pH values of

[P1n][OH]/H,O at which

E. coli died.

--410.93

[P12][OH] [P13][OH] [PL4I[OH] [P16][OH]
Figure 4. pH values of the
[P1n][OH])/H,O at which
B. subtilis died.
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Inhibition effect of zwitterions on protein aggregation
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Protein aggregates by heating or shaking. The aggregation leads reduction of yield and indicates toxicity.
We investigated the relationship between the protein stability and the structures or physicochemical
parameters of zwitterions. The tend of protein stability differed depending on the anion species. For
lysozyme, all sulfonate-type zwitterion solutions inhibited the aggregation forming. On the other hand,
some carboxylate-type zwitterion solutions inhibited the aggregation while others did not inhibit. The
pH of the zwitterion solutions was assumed to be related to the aggregation inhibition ability. The

hydrogen bond acceptor basicity of the zwitterion solutions was not correlated to the protein stability.

1. #&
BT IFERIRE D | J:o“C/ ML, BEERZTENT D, BERIEDOTZRUL, A FIE
I L & LI Z o7 BREONRE TR ORBENNH LT, Z I E 2%

TERNZERAET 2 BRI A OBFFE 75>55Z/v AT T& 72, TNE T, & o7 BEEEMHIA
ELTOMMEA AL OERIMESIN TS, LirL, o7 EOREMAICE - T, w7z
BUEA A REIEILX R D, & 2 CTARMZE TIL, A A o OREECH LRI R T A — 2 L |
2Ry E R EMTI N R O B A A U, R L7 BUEA A % Fig. 1 IR T,

] spacer cation
anion
length pyridinium piperidinium pyrrolidinium ammonium morpholinium imidazolium
O /'“N> i ~s T A 9
sulfonate 3 NWS CNWS CNW <W5\0 ° N\f\/u o A N'Wf',“o'
PyC,S C,pipC,S C,pyrrC, S Ny 55C5S C,morC, S C,imC,S
> o rﬂl'\/\jl\
= [e] [s] [s) P-4 0
| - s . <N - .
3 Q“\/\)\Of CN\/\)]\O GN\/\)LO_ < \/\)J\o glmcag
Py03c C1p|pC3C C1pyrr03c N2.2.203C /NYth'
carboxylate .
C,C,imC,C
=\, 9
5 /NWN\/\/\)J\O-
C,imC.C

Fig. 1 Chemical structures of zwitterions used in this study
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2. EE&

BUEA A VEBRHIK (1.5M) ~F 22378 5.0mg/mL Z¥Af# L. 1,000 rpm, 80 °C T 1 BF
R & 5 Lz, 10 5 IR L7calbl 2 i i U, BEE IR A U0 Lo, B3E D 280nm ICH1F %
W (Aaso) M. Z U RTBREZRDT-, ZOX R EREICIE, mOoBETIE L
RVHIH NS RSB R b B END,

Ayg after 1 hr. heating and shaking

Residual protein ratio=
esidual protein ratio Asg before heating and shaking

S HEREBR
SN MMEA AT =AY BREEFRDOBER

PUEA AR DT = A IR U T X ™0 2 EME DN 203 Uiz (Fig. 2 7£),
IF 3K lysozyme DI, FXT D ALK U ERRINEA A S (pH 2~3) I TINEL - 4R &
5 % D lysozyme EHENINEI K 4L72, — . WA R RNEA F ¥R (pH 7~8) TITAnEk -
REIRBRICEETHHLDE LWL OnH -7=, Lysozyme DS (pl) X 11 3 TH D,
—WRIZ, Z XY EE pl AT CTHREE Lo 26, IR pH O EWO DSBS LT ]
REMER DD, LA L, pH TiE7e < BVEA A U HE1EZ O b O EREBIIZ BT L7z rTREMEIX
BETE, 5k, pH2 BEL O 8 OfEE R A~ T, pH DEEEZHRET D,
3.2. WA 4 ViBBDKKREEZBREL 2 U\ EESINHROBERF

1.5 M BUEA A VA D Kamlet-Taft /X7 A —X OBEEFH LIZ 2, X VR0 EREME S
EORNCIX, FERHER SN T2 (Fig. 2 £). X v /37 BERENIVEA 40 HMESRAIITH
AERLTWD AL B N D 2D, 5%, BMEA A 2D b DD BEIZ OV TIREZAT

-

Do

o 12 1.2
2 1 ‘ % 1 il Bn PyCsS PyCsC
Q o) - . ° .
%0.8 2 %0.8 = CipipCsS CipipC:C
;0.6 ® §0_6 ° BCipyrrCsS ®C.pyrrCsC
Tg 0.4 4 Tg 0.4 ® N222:CsS N22.CsC
202 % 02 MCimorCsS  MCiimCsS
@
0 “ 0 CiimCsC  ©C1CiimCsC
0O 2 4 6 8 10 0 0.2 0.4 ®C.imC.C
pH S value

Fig. 2 Residual lysozyme ratio vs. pH of the zwitterion solutions (left) and Residual lysozyme ratio

vs. Kamlet-Taft £ value of the zwitterion solutions (right)
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1)  Goldberg M. E et. al., Fold. Des., 1996, 1,21
2)  Shukla S. K. et. al., Phys. Chem. Chem. Phys., 2012, 14,2754

210



P62

MRNA ERDIEREZEZ B L=4 7+ VR ERAF DR

(JLRBET) ORE R, B8, Sr@FER JIAERR, FREAK, Mgl Rz

Development of Ionic Liquid Formulations for Transdermal Delivery of
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Abstract

This study utilizes ionic liquids for the transdermal delivery of mRNA drugs. By coating mRNA
therapeutics with ionic liquids that have skin-penetrating properties and forming complexes,
we aim to achieve the transdermal delivery of high molecular weight mRNA therapeutics. [onic
liquids are mixed with an mRNA solution to form a lyotropic liquid crystal, enabling the mRNA
drug to bypass the skin barrier function. In vitro experiments confirmed the skin penetration,
intracellular delivery, and protein expression of the IL-mRNA complex. Furthermore, in vivo
experiments on mice, where mRNA encoding a cancer antigen was applied, demonstrated

tumor growth inhibition, suggesting the successful transdermal delivery of mRNA therapeutics.

1. #E [Introduction]

ARFSEIE. mRNA EIROMEIEEE FRE L T 51 4 U RIEAIOB R 2 &M 7 5, mRNA
EFEIL COVID-19 U 7 F & U TER LI TELR, RPN EREZED TS, L
L. mRNA EHOBEGEIITEFKEGICRESNTE Y, EEEEFENLET, Ha&EN
WEETHD EWVIBENRD D, 5HBA5H% O HERERE S 1X 0D &35 MBRIER L& D20 7
BREE AR AT 9 B BURYYE O3 AENEH SN TEH Y . mRNA ERO THEFH D 5 #7224
HHE] BROBNTWD, £ THaIE, BEICRAIZ BT 27200 CEY 2 RNICkE
T 5 Z LNTTREZR TR G (2 H Uiz, 7272, BB ORANE \ALE T 5 M8 H o+ & 500
ERBZ DT ORFRBELZAET D) THEEZA L TR, KD OEY)EEI TN T
Hb, =T, T4 DDS B TR SN TV DA A IR (IL) (2 B L7z, IL (3
NEET VA AEERS, BOREREREAY o
% IL DA EN TS |, AHFZEE. muEE
REM - AEEEME - Rl Z2 A3 5 IL OF)
HEZ 27, BARMIZIZ, IL 2K misrtEsl s L
THW., mRNA Z#E L, #AKEEKT S 2
ETRIEONY THERED S # X - 7=, $a U T,
AWFFETIE mRNA B3I 72728 5 5EOR. i
w52 57O IL # W a2 mRNA Fig. 1 Conceptual diagram of this study
EIEDREEZEDEMR L B L7z (Fig. 1) .
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2. EEx [Exper imental]

J1F A& LT Choline (Cho), 7 =F > & LT,V FUEE (Pal), A LA U (Ole), %
IR L72 IL Z A6k L72, [Cho][Pal]<°[Cho][Ole]% mRNA /KIFiK L EEDOEREILTRET S
Z LR o TA FUVIRIRR R Z B ST, B LT A A ARIRIR S OIS 2 [FIET 2729
2. M X BREGEL (SAXS) Z1To7-, BT, v U RAREEZH W=7 5 Y A RBR AT
W AT ARIRIE AN X D mRNA O RGBT A2 1T > 70, H&izIZ, ILC R %5
L bz 1T o7z~ 7 A2kt L, E.G7-OVA fiflaZz RNl L, IS AREE2IIET 5 2 &
T in vivo IZEBWV T mRNA O fERER X OMIENEZE 2R T 5 & & bICREEREIZL D
PRSI OV T ORFT 21T 72,

3. 58 L &% [Results and Discussion]

[Cho][Pal] & [Cho][Ole]® 2 FEFHD IL %% &IEA L 72[Cho][Pal-Ole]Z mRNA /KIEHK & &
DOERLTRAT 5 Z & TILC 5 ([Cho][Pal-Ole]lx) ZiMHl L7, IL DEELZHRZ T &L
THRLELT D, SAXS IZ & » Tl L 72 ILC H| D& % [FE L7 & Z A, [Cho][Pal-Ole]sos0 1
A~ 2 F LA 2 [Cho][Pal-Olelro 13 =2 — B v ZHEZTER L TW5H Z LR ST
(Fig.2a) , S HIZ, AILC ®ANZIIT 5 mRNA O JgiREEE~ 7 ARG TRl L=, =D
fE 5. [Cho][Pal-Olelsy CThx b BAF/2 l f§iZ %12 7~k L7= (Fig. 2b) , T AU, [Cho][Pal-Ole]so
NABONY THETHD T A THEEZILL TS Z EICERT S EEZBND, EBIC,
7 X B &2 ILC BA A L, 7 A F#EEOENE FT-IR (2 X > CHIE L7 & Z A, [Cho][Pal-
Olelso TO IR G DBEELA MR S 7z (Fig. 2¢) » 2 F V. [Cho][Pal-Olelso 13575 D £4 & % L
T ETHERSTED mRNA 2 RERFEIETND I &R S L,

a b [Cho][Pal-Ole] C [Cho][Pal-Ole]

]
22921 30wtoe

100000 2923
A /1M
[Cho][Pal-Ole]s, [Cho][Pal-Ole]s, [Cho][Pal-Ole];, 10000 7% 2022 . H“,
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Z 2018 o M.
10 1 7 % Towtos :
7 N.D. 29171 29103
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|

Fig. 2 a) SAXS measurement. b) The amount of mRNA skin penetration. N=3 mean + SE c) FT-IR
spectra of pig skin treated with various samples.

kI, BSAPURZ 22— R L72 mRNA Z VT wo L 1 I
ILC AN L 2 FUEGE DR 25 L7z, & DfER. %ﬁz 'ﬁmem /
FALERRE L bl L CIEBO R ENMEICIfl S 5 | * Iox /
TNB T LAFE SN (Fig3) . 2EY. AILC 2w
WHl &~ o XCBRATT D LIC L > CRENE 2
mRNA 2M2% L, RN TH R EE BB L2 ol
LD Lo THIBE RSB DT L B2 B, " Time posttumor noculaton [éa]
4. References Fig. 3 Anti-tumor effect
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Cellulose is an environmentally friendly material due to low cost and abundance on Earth. Although there is a
need to dissolve and process cellulose under mild conditions, it is insoluble in common solvents such as water
and organic solvents. On the other hand, 3D printing, which is one of the polymer’s processing methods, is
expected to apply for medical and construction fields. The research purpose of this study is to develop 3D
materials with high strength based on cellulose. To investigate the effect of cellulose content on the shape of
the composite gel materials based on poly(ionic liquid)s and cellulose, the composite gel materials were
fabricated by 3D printing, and with changing the amount of cellulose. The compression tests of the gel
materials were performed, and their maximum strength was around 4 MPa. The water content ratio of the

composite gel materials of optimal condition for 3D printing was 1091%.

1.#E

=2 3L A N THY, HERK RICEEICHFEL TWD 2 206, Figrlaee ikl & LT
HEHENTWAS, IR EHETICB T 2B — 2D ENMTRRD LN TWVAELOD, B
0 — AR, BREEB CPLAEELIIIER Ch D, —FH, MTHED 1 >5THL 3D 7TV T«
VIR TR A RICERI T X S 70 R, BE. HER SELEW I TORI AR HIRG S
NTWn5, ZNET, Bm—REMEA F U RIR(IL) TéH 5 1-butyl-3-methylimidazolium chloride
([Camim]Cl), B/ —RA IL €/ ~—YInbR5 A 7 &ERIL, 3D 7V T 4 7 LREAIC
L0 3WEED A FR L T&E e, AlElE. fER U7 3 RoeEEY O RIE B2 300 L 72,

2. EE8&

(WBEAEOER [Cimim]Cl & IL £/ ~—(4 D& AR F:\ Cl
—— Sh L A e =] e . - +

L. 'H NMR IS & 0 L& % AE L7z, [Camim]Cl (2 N N~

rv—2%EMA, 24 K], 100° C THEMEHE L, B

— ARSI, ZOWRICOEEARMKEAIE IL £/ ~— -
INZ. 5EERT. 100° C THIEMEHR L7-, [Cimim]Cl & IL & ‘iij' /::\+Br
) D E R EENEN00g L 010 gIFHEL. wan— 07 0 NN N~
AEA R 0.15~0.38 g DFIPH CEfLS BT, TN ORI Figure 1. Chemical structure of
A HFHWT 3D 7V v X — 12 L kRS A ERLL 7~ [C4smim]Cl and IL monomer.
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%, SIMR(365nm) % 60 73 M HRE L CEIBM(ES IR DESTo, EHK 12K T 24 RMERT 5 2
& T[Cmim]Cl ZFRrEL, HAK 2 2670, WHRICLVERE 2 oKD EREL, BEE3
5T, QuEERHEEHME AR 1 220 3 OMIREARET 2720, EfERREITo72, B R
0 7L DEREASE 2) & RO BEEE AR )DOENLEKRERH Lz, BEIE3 D&Mt E
PHET 720, SEMBIZEZIT- 12,

S ERLEER

WEAKROER vro— 2G84 B {LS®T
DTV T g4 T LIEEMEK 2 1R T, Bm—
AGHEND 029U FD L X 3WITAEED OTEIR % R
FFCEd, BIilEsmEcEiadolz, —J, B
0 — AREO EFICEOVER SRR E L, Bre—
AGHEN 0389 DLE, ETNAMEE LR UKD 3
WICHEEM DT DTz, IBERFEEEZ R+ 2 72,
B FREE A TERC L TV DR A JIE Lic, / AVIRIE
041 mm TH5, KHEEW@)~W)DOMIEIL, ThEh
25, 19, 1.2, _0.71 mm<TH Y, LR AGHEOH Figure 2. Grid layers after 3D printing
AT, BEDH< Ze o 7o, ()25 b RIZEEMED  with various amounts of cellulose. (a)
EONZ ENDho T, QEEEMEHME win—xzgg  0158(0)0.22¢,(c)0.30 gand (d) 0.38

B 038 g ICHE LA 1. 2. 3 DIERRRENT

>72(X 3), BEK L, 2, 3DRKEMmMBE L, FhE

1139, 43, 45 MPa Tl ote, ARMEE Y v=pa Af T Cmhosed
KIREEFAVCTIERI L= la—2t Ra Lok § — Compositel

FEARIRIEIE 1.0 MPa Tl U | IL KU ~— L HAMET S §,|
ZETEBEATAZEN DT, OTARITZENE 6

AU 100, 100, 95% Td 1 | HFEHIMRIT LV Ky ZFRE

THZLTH bAVHEIC R Eman O 20 40 60 80 100
oo A 2 LHAE 3 OERILH bEAEE KD Strain /%

PR KT 1091% T o 7. 10 WI%D L 11— Figure 3. S-S curves of cellulose/IL-

R o polymer composite materials.
ADHNBIRDHE Ra T LOEKEL 775.9% Th 5 7

Dy L AU ~—NERROBEIMCES LT\ 5D & HEER
Shd, HEK2D SEMBIERERZ M 41T, HE
ROREITIM 222 FLITBIE SN Do T, 3D 7Y
TAVTOBRIIENEMA T2 EEZLND,

4. References
1) M. Murakami, et al., Carbohydr. Polym., 2007, 69, 378.

2) E. Seiler, et al., Polymers, 2021, 13, 1942. 017 10.0kV 8.4mm x20.0k 2024/09/19
Figure 4. SEM image of composite 2.
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Abstract

Transdermal delivery of nucleic acid drugs requires high skin permeation and intracellular delivery,
which is very difficult due to their hydrophilic nature, high molecular weight, and negative charge. In
this study, IL-S/O formulations with ionic liquids consisting of cholesterol derivatives, [CETA][Lin]
and [EDMPC][LCA], were prepared to break through those biological barriers. The prepared
formulation showed a transdermal permeation enhancement effect comparable to that of the previously
reported [EDMPC][Lin] and a better intracellular delivery efficiency than it.

1. #& [Introduction]

IZBREE ST DNA ° RNA 70 E OB 2 BACEFE & L TR Y | MEROBER S TR N
RRBAERIAL O MR OEIENLTH S, T0—F, MHPERICL VoI nd=H, K
R T Gk e LT TRREHE ) ICEEPEE STV D, LML, BEREEIROREZ
HCIIREiRE & RN EENREREL 25, £ 2T, AR CIIRERZE & MaN
HEORENPHRE SN TND A L AT 1 —LFFER VIR F kK (lonic Liquid, IL) (274
H LTz, A AR E T, BRI CRIKIREEDE ORI TH 5, BEH TliX 1,2-dimyristoyl-sn-
glycero-3-ethyl-phosphatidylcholine (EDMPC) & Linoleic acid (Lin) 7572 % IL Th 5
[EDMPC][Lin]iZ & D IR IO IEE & mUVIRER DI ME SN TS I, AIFZEClE=
VAT H—=VRX—=ZADA F & LT, AIFF I cholest-5-en-3B-oxyethane-N,N,N-
trimethylammonium (CETA), 7" =4 >/IZ Lithocholic acid (LCA) % H\>, IL $A|IDTE 72 5 MERE
m b B L7, T UEERICIET v F o AL TdH 5 Trabedersen % U=,

Anion

-~

Ar %D
gt E:@Ls DNA in water
QT (Trabedersen) \';f\ 1'Skin permeation
,Ce II n Mix Nf:\' Freeze drying
Cation (Prevmus study) . WO ANON . Anion (Previous study) BiReEs)in of .

o | 0 o] Cholesterol-based

g 10 \/\] (b} x Wate'r'fEtOH IL-8/0 formulation IZ:C:"!II'I"rI_JEif‘EQ
L ~ Compatible blend
¥ A ) Cholesterol-based IL

EoMPO Lin in EtOH
Fig. 1 Conceptual figure of this study
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2. EE& [Experimental)

[EDMPC][Lin]. [EDMPC][LCA]. [CETA][Lin]? 3 fE IL Z&h% L. Bfe-IL EREL)S 1:30
ERDEIITIL ODTF ) — VIRIR & BERKIEIR 2 1A LTt B 25, R i omie %
#%C IL-S/O (Solid-in-Oil) HiF| % F# L 7=, F£7-. [EDMPC][LCA] & [CETA][Lin] & &4 L7= IL
IZOWTHFERRICHAIZTE L7, ZN6ORFUHONT, 77V BALEHN, v U ALK
JE~DRGBEIHML AT 72, EHICZHHO IL-S/0 12 X 5D B16 Ml ~DE Y A%
Z7nr—H%A A FU— (FCM) CiHfi L7,

3. R L %% [Results and Discussion]

&R ERBROFE R (Fig. 2-A) I[ZBWT, 2 L AT o —/L_—2® IL T& 5[CETA][Lin]
IX[EDMPC][Lin] & A% D% & (RENIRE) %/~ L7, £7-. [EDMPC][LCAIIZ DWW TR
BRSO, g (BE A @i L2 (X[EDMPC][Lin] £ 9 & &Eho 7=, BER
MNZIBWNT, FJE =T OMEAE T 8 ) %f%émm&qum#ﬁﬁ@%g7f7%L%
BT ZLIChViEZLEBZHNTEY . ABUFED[CETA]Lin)iZ W\ T 6 [FRED I FIC

BB O ERBEMEES N LB LD,

B16 Hila~D N s 2ERER 235V T, FCM JIIE O 5. [EDMPC][LCA] &% UN[CETA][Lin]
DOFETHO IL LR THHEREICHOVEY IALAN LT (Fig. 2-B), BEHR TlL, #HAEEFT O
ALV ATa— /LOEIGNENT S & MRS X AKFEOANIC LY . HAEK L
& DB Z GV D IABPMEESND Z ERMEINTED YV, KRATHFRED
ﬁ%’i@%%ﬁ%éﬁﬁﬁﬁkbkk%i%hé

IO ORERIT, BMEIERORLZIEE BTS2 VAT — /L _X—2 IL OFNMEZRES
HHLDTHD,
A N.S.

W permeation penetration

s [n 7 . I I

oo w
200 300 W

Intensity (10°)

|

100

Amount of permeation and
penetration (pug/cm?)
p =
wv (%]

o

2 W® N © B \e-c N\ O ™ B (:,\A
¢ @Q \\\/ ?O\\\' éPk\\/ ?O\\ \\/\(\\ (\ G 0 \Q C"\\\/ Q\\\’ Px\' QO\\ \\,\(\\

Fig. 2 (A) Skin permeation and penetration by IL-S/O formulations (N = 3; mean + SE) (B) Cellular
uptake by IL-S/O formulation by FCM measurement (N = 3; mean £ SE; **p <0.01, ***p <0.001).
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Abstract

In this study, we aimed for the transdermal delivery of an artificial antibody (Affibody) and attempted
stable dissolution and structural preservation using an ionic liquid ([Cho][Pro]) composed of choline
and propionic acid. We evaluated the solubility and structural stability of Affibody in a mixed solvent
of [Cho][Pro] and water, confirming that complete dissolution and structural stability were achieved
when the ratio of [Cho][Pro] was low. Furthermore, the use of [Cho][Pro] improved solubility, indicating

its usefulness for the formulation of transdermal delivery systems.

1. #E [Introduction]

R, PURESRIT I EF R BE 525 2 &

2 <L AN RAVICTRIR R E B 2T 2 g i
EMTEDLTD, HHEHLED TS, L, £ '
OEEIFFITEHBEGEICR N TE Y, Zatt s
SOFEM:, REMOBATHRENRS S, £ 2T,

R\ BRI 2 A 5 720 THY A RN I ok E *Iﬁ‘*"’m*ﬁﬁ\ ATHEOR S B
THI LIS TRER G IR LT, L oy JSesasme==ou:
L. EDOFESNEICAET 2 AERILS &0 aw] SeEsees PR
500 #HE 2 D 0FORELHET 530 T HERE T Teeec
EHLTBY., RENDOEYOEGIIREET
HoH L, ILITHRRED X T EEIKITED
CREA FIH T DO C MG E L D HEN D D08, ST OBEREE IR ICBUR TH 2 MHE
ERD, BSOIREN & W o BRI Lo TEMESCEEAE -3 2 EAMER STV D

2

o

Z ZCAMFFETIE, A AR (Tonic Liquid, IL) (25 H L7, IL XA TF AL & T =410
B2 KA LA TH Y | FIREIETREKOE TH D, ThE T, Fx OFEETIEaY
v T e RS 72 B EKME IL (IL[Cho][Pro]) Z VN, A AV U B EITIAfR L, #5%
KA L TV D 3, 275 IL[Cho][Pro] Z IV 5 Z & THUKER D22 EMEm b, #R&%

A 7+ 7 R RH]

N

Fig. 1 Conceptual diagram of the research
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PO EBINHRF S D,

DL EZEEE 2 ARS8 ClE, BUREIROZEMER B2 b NCREEZEOFEBL A HI E Lz, K
FRTIE, FUREEDET VoL L TALHURTH D Affibody & HIV >, IL[Cho][Pro]~I&fi#
SE BRI E O IE L ENE, S DITRBIANC K 2 BB RGOV TRERT 5,

2. EE& [Experimental]
IL(zY > 71 E4 % IL[Cho][Pro]) (%, /g2 U

LA e R TRG LT L, - cation - Anier,

F U =2 NR == WIS K- T2 FRET o™ ~Hon
Choline Propionic acid

% Z & TRz, Affibody IZRIGE (BL21 #E) &2 W THEL [Cho] [Pro]

L7z, 20tk His # 7R LI A XYprr n~ N7 77
4 —IC k> THHRI L, SDS PAGE (T & - T Affibody D[H]
IV sl Uiz, ARt o 72 8 Affibody |2 IL[Cho][Pro] & /K DIEA ALK (IL[Cho][Pro]? &
£11.=0,20.40,60,80,100 wt%) Z WL, 37 C T2 A > F 2X— k L1z, 2Dk, RN
R TETZ b DITH L CENTEIEZATV, % PBS [CE#HL L /2%, CD JIEZ1T o7z,

Fig. 2 Composition of Ionic Liquids

3. ﬁ}a% & %—g [ReSU | ts and D | SCUSS | On] IL ([Chol[Pro]) : Water (wt% : wt%)
IL ([Cho][Pro]) (1: 7J(@E%tt7j§§foe é 6 O@?ﬁﬁi 020 8010 60:40 40:60 20:80 0:100

Z Affibody (21X 72 & 2 A IL OEIG D20 T
5 E & 4 % > 7L ([Cho][Pro] @ T & kb =
0,20,40,60) THMIC X D&MD R S iz

Fig. 3 Solubility test of Affibody

(Fig.3), ©ZC. W L7477 ikt L = aheli }12%67'1””;(:)) — 1L Water =60 40
CD JIiEZFTV, IL (2L D Affibody D Uitk :z * - N
DE(LE AT (Fig. 4). Affibody DHEEOKIEE 5 S A
Bt ey v 7 ATh oD 0~ v 7 XK 8 FAAOE

D ¥ —7 (196 nm (+), 207 nm (-), 222 nm (-)) % & > : A [nm]

BT, KT SE8A L i U<, E@ilo
B & - BREARLIZZ D IL 2 E TS
BEHRC Affibody 13 % Z2E RO T & D3RE
N7, EBIT, KR ST Affibody % 37°C TEHREIA F 2_X— M &5 LN 4
U722 &35 [Cho][Pro] & 2. % Z & T Affibody DIREVEN M 95 = LRS-,

Fig. 4 Evaluation of secondary structure

by CD measurement
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Abstract: Cellulose, which is non-toxic, biodegradable, and biocompatible properties, is expected to be
utilized for a wide range of applications in human health and environmentally friendly products. The
first step in converting cellulose into products is to dissolve cellulose into solvents, such as Ionic Liquids
(ILs). Pressure has a lot of advantages; for example, it does not destroy covalent bonds, requires
relatively low energy, can be applied uniformly, and sometimes can enhance the solubility of certain
solutes. Therefore, it is important to examine the effect of pressure on the solubility of cellulose into IL;
however, it is difficult to investigate it experimentally. Therefore, we investigated the high-pressure
effects on cellulose dissolution behavior in IL using All-Atom Molecular Dynamics (AA-MD)
simulation and found high pressure may decrease the cellulose dissolution rate but increase the cellulose
solubility.
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MEFEME . RN AARESEICENS L E — R E, AMEOBREICRS LWELE (o
2T ML U R RVBHEM, 77 ATy 7 REBEMED ~OIRIEVS AR S TE D [1-3],
InoRERICIEE T A — R EEE (B, A A URIE IL) ISR S MNERDH D, —
FENTEZ L ORERH Y WA EZME L2, BBRIE =R LX— L5777 <Y
—ZNTHZENTED, FEDEEDEMELZ®mDDL I ENTEDL, RENBFTOLND,
ZD=H, B —AD IL ~ORMREIZE TN G 2 5 B NEREO S, EBRIIC Z izl
RAHEZEFHELY, £22CHAE, FEE MD) Y ab—va EHNT, Bra—
ADA A AR~ OVEIRFIN KT D EEREZR DL & LT,

2. RE&

BIFRA ST STFHAAMD)Y 2 = L —3 3 >0 Gromacs 2023.4 Al L. WX IL 1-
ethyl-3-metylimidazorium acetate ((EMIm][OAc]) & 3L dimethyl sulfoxide (DMSO) % V7=,
2-1. BEATTOEILO—RBEREE

Tolm— 2 EE (B fdh. EOE 8 Ok m—28 36 &) OFYIZ 1500 o IL & 2180
77 F® DMSO ZBLE L7, % L TCHROEH L%, NPT 1000 ns, 500 K, 4/+71 (0.1, 200, 400 ,
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600, 800, 1000MPa) Tififilfia > I = b — kL7,

222, BEATTORIILO—RBHRE
?Wﬂ—xﬁﬁﬁﬁ%MQEEXW¥—%ﬁbé’kfﬂﬁbtommmm%mm@%ﬁ

B — R 1 AREDFESTICAFET 2R8> IRk EE £ C oM 40 fREEZIRE 500 K, & E

ﬁ(QLIWOM%)TNmﬁOm®$&Mﬁw%Nman§G+lA\WMM(WWMﬂ

Histogram Analysis Method) (Z X Y PMF (Potential of Mean Force) % K&, &ffHH = R/ ¥

—ih#R & L7z,

S HEREBR

3-1. BEATTOEILO—RBEEEE 1000 MPa
Fig. 1 IZ#E N TOER/L 11— 2RO IL

WIR~DEIRY X 2 L—3 3 v A IR

25 50, 100, 200 ns DO AT > 3 >~ T 300 MPa

o UTe (BIES TI39ERT) . KER. ED

BN 212D TR MR E 3 b 35 2 & -

B S 72, WS (ILL DMSO) DH 4 mpa

CHEBER I Z D & ETx LT

BT L BRSNS T OWEEO lons  Soms 100w
BN — A HE S ORI E 2 KT S Fig. 1 Snapshots of cellulose dissolution process
FEEEO—SE L ELBND, under each pressure
3-22. BEATTOEILA—RBREE 20

0.1, 1000 MPa C Umbrella Sampling & o L
WHAM GHRZITO, IR R L — — 0.1MPa

iR (PMF) %3k®7= (Fig2), 0.5nm f5F E-20 | 1000 MPa
DERANOBOWHI S LAOEL R —Ag 2
PRERICHEET 5 L X DT KA F—Th 200 [

%, 3.8 ~4nm COZRLF—ZEMRE o |
TOZRLX—ThdETHL, WHEAH
TXAEF—L 0.1. 1000 MPa TZHZMh '“ﬂ ; ; ; 4 5
30.1, 51.9kImol! TH V| &L FTIHE Distance/nm

fRIEDNEINT D2 & EZA BN,

Fig. 2 PMF of cellulose dissolution at 0.1 and 1000 MPa

4. FEH

AWFFETIT 'V B —ADA F AR~ DUIRET) (RREE & BREE) 0 FE )52 3
a2 b—va CERAWTIMAT, R B THRMEE IR U, AR 2 2
&R S Tz, R TIEEESAMEER 2D THFmiic B84 5,
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Anti-Precipitation of Hardly Soluble Drugs by Zwitterionic Polymers

Sae Matsuoka, Yuya Matsuda, Takeru Ishizaki, Kosuke Kuroda
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Hardly soluble drugs precipitate when their solutions are diluted with water. This phenomenon causes
that many drugs drop out in cell-culture-based drug screening. It is known that polymers inhibit
precipitation of drugs by forming complexes with drugs. We focused on the hydrophilic zwitterionic
polymer as the basic structures of new additives to inhibit precipitation of drugs, because zwitterionic
polymers are low toxic, and highly designable. However, polymers consisted only of zwitterionic
structures were not soluble in drug/DMSO solutions. Therefore, we introduced oligoether unit to
zwitterionic polymers and succeed in dissolving them in drug/DMSO solutions. The drug precipitation

was inhibited for a short time by the zwitterionic polymer with the oligoether units.

1.#%8

AN A PN IARASDOVEFREE MRS DD Z < AER ORI 70% 1 FERAMEIRF] & oL H
o5V, AIFERI DB C O HEAMEIRA OWIE « FEHFEM X, FAIZ A F VALK X U R
(DMSO) TR SECTHEHICIIML, 7 L — b CHllEs%E 2% 55 TI7 5 2, DMSO [T #EE
PEERF 2 ViR C & DAL O h TIHEFNEZ 8, M 2 A — D & 5 2 B ATeMEA RIE &
NTCW5D, O, HIFEEEIC X 2 3EAIRHE ClE, BEAMESEA]Z DMSO ISR S 78K
Z—fRAIZ 0. 1 wt% LA T OIREBEIC/R2 5 KO IS THR L CHEMAT S5, LavL., #arR
FNIAROBRIHTH U, SEIENE O/ TR L Ol O AR EfE S OJRIK & 725 Y, A
7 V== 7 OB, EEANEIEAIOHT H 2 Bl 2 WINAI & U CIEA A PSR i P 238 H
ENT&7Z, LML, BINAIOZEILIEE A AT RWZD, ELL T 2{LEY
DEAITRY oD, RV ~— 33K L EEERA TR L, EEEPESEA OHT ISl 2h R <
HHZENMBNTNDS 9, Fxld, KFEEDOET A ML WS TINF & LT AB 72
MEERFLRNL, ZTNE TR SN T IR T MMEA AR ~— OB ~DISH %
T Uiz, LinL, BEA A A& O BN S 72 5K U ~—I% DMSO ([ZIEfEE3, 2EAI/DMSO
WIRICIRINT 5 Z LN TEehote, &2 TABFETIE, KEAHIREE~OEMRIEN F A
VI —T WHEEN LT B EA AR ~—% A L, iINAlE L COMREZ T Lz,

E O
2 ERLEER ) o
L NN
Z U ji“‘Tﬂ/i‘&%]\ L7~ pOly(ZI—OE13) (Fig.l, OE;; = ~ o)

v FHER 0, 17, 56, 100 mol%) % ARk L7=, WM & LT Fig. 1 Structures of poly(ZI-OE 3)
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LIRAN T & % OEERMEEEF O i W e, QMR EEIZ DUV T, poly(ZI-OEi3) O
REZ FRAT L 72,

© HEETERA O KA EE

HORMEEKOETLLE LT, = ¥FI T %w-
7=, poly(ZI-OE;3) % 4 wt% —EF I 7 E 60 additi\(/e |
@ none (water

/DMSO #EIZ 10 wt% HRANL . %@7J<’C“ 100 5 g 40 - POly(ZI-OE 3) (OE;;: 17%)
FR L TH B 21T > 72 (Fig.2), I&E+F O £ poly(ZI-OE ) (OE,s : 56%)

R . = 20 1 o— poly(ZI-OE,;) (OE3:100%)
mt%i?%&iﬁﬁﬁmﬁuvbﬁ774 3
—TRE L, OEs ==y MR 56 mol% & °5 2 =

® poly(ZI-OE;3) L7z & &, 5 ko= _time (min) N

o Fig. 2 Residual rate of ezetimibe after
EFITRAFHIL64% THY L iw\ i il 100-times dilution with water from the DMSO/
BEN RSNz, Lo, 10 70%%IZiZ=EF I  poly(ZI-OEs) /ezetimibe solutions

TREAFRPITZE 0% L7220 ATHIHIRER PN E AL MR- T,

@ Hifo 00 -

OE;; == REEEMN 0, 56, 100 mol%
D poly(ZI-OEr) DHIMI#IEE~ T A < | -
ff'ﬁ;ﬁﬁ‘lﬂ H/ﬂ (mNF) “C“Tﬁ%ﬁ L f:o poly(ZI- E 51 poly(ZI-OE,;,) (OE,;: 0 mol%)
OF:) % 0.1, 1with Wl LA CmNF  § e e,
% 3 MR L, MIAEGRIZT R T T g
U oA (MTS) ZHWTHIEL = .

(Fig. 3), E&Hi~m DMSO #RhniZ, Mz 01 1

. Concentration of additives (wt%)
PEDBLRAE 1wt BeEEDS BIRE S Fig. 3 Cell viability after 3h culturing in the indicated
TW5h, #Z T, 1wt%DMSO THAEEE solutions
DFEEEEIT -T2, OE;3 == FEFEN 0mol% @ poly(ZI-OE;3) % 0.1wt% RML7-& &, 4
fFHIL90% ThHoto, ZIUIDMSO ZIFRM L7 EDEFRI% L&, KEETHD
IR SN, L L, Hi%AR Y ~—L DMSO ([T, Al LCTHWD Z &8
TERV, —J T, @ flEE %kammnzybw$ﬁ56mma@mwaum@
WML & & DOEFRIT 62~65% THY . 1wt% DMSO LY FERNEWZ EBNH S NIZ
277,

ARl HEAPESEA O m AT ESlRE, IR RO WS A TR Y v — X Ao 67
ST, 7272 L, A\ & LT poly(ZI-OE;3) @ OE;3 2= NEREZEHDDHITE, HERE
D EeWNohote, ZOZENDL, ZLla=y PR ~—DFMEE FIF 288 2F>Z
EINTRIB S T,
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The role of alkyl-spacer length of zwitterion
for one-pot bioethanol production

Ayumi Hachisu, Kosuke Kuroda
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Abstract: One-pot bioethanol production: successive pretreatment of biomass, enzymatic hydrolysis,
and fermentation in a single container with a low toxic zwitterion has been developed. However,
pretreatment ability of this zwitterion was lower than the ionic liquid commonly used. From this study,
it was clarified that the extension of alkyl-spacer length of zwitterion is effective for improving

pretreatment ability. However, inhibitory effect on cellulase and toxicity to yeast were increased.

1. %8

WA A~ AHKDONRA AR ) — VT H ) —VZEHT HETICEL DERLF—
IR RRBELE R D0, EFRICIEE> TV, UL, Wl S A 4~ AORTLEE -
b - FBE % B BERICAT O WER H DO TH D, Z OFEOMRIIZIT T, 1 DORIJTTH
)= NVEBEIT) T rER (VR y hrtER) ORENRLEENTW, TOHT, Hif
FeE TR EME DBV E — AVERRE 2 H DIRIROBMER A 4 IR (OE2imCsC; Fig. 1) 23
REh, VeRy bR ARERESNT Y, L L, OEAmCC IERERDA A K &
ATLEREE MR N EH LN E 72 (TR y bt A0ERicmiT ik L 725722,
Z ZCARMIZETIR, PERLA A K

IO A~ B2 H L (Fig. 1) . A i

Nf:\r\f\/\)l\ N/:\NR\J)OL
@fﬁ%@ﬂﬁ(%%ﬁiﬁﬁfcoif:\v‘/ﬂfy \fo/\“)é N AN o - 7 0

Spacer

=R e | EESEIEMEEE L OE2imC3C C,4imC,C
E%’\@fa:‘@ TOWVWTHERAE LT, Fig. 1 Structures of zwitterions (n=3, 4, 5, 6, 7, 9).
2R LEER

LA —R B AEREO

A Al G U T2 BT A A AR IRIE T R CTEIR TH o 7272, 100 °C T DMSO (2D LIk

faE L 1 — A OIRMEEE & A L7z, OE2mC;C TlE 12 wt% TH > 7= DIk LT CiimCsC &

CimC;C TIE 17 wt%, CiimCoC TIiE 16 wt% TH 0 | /Lo — AIRMERE DL E D RS S iz,

L#L/(MmQC CiimCeC (22 TIE, 100 °C TiX DMSO IZIA T, 120 °C TIXIAfE L7-
\ & DIEFREEIL OE2imCsC 12~ ME o T2, Zhd, BENROFETH D A[REEN S D,
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HTLEE 5B 0D 5T

T A% 10 wt%, IPERLA R AR/DMSO (4/6 wiw) ¥aHEH T 100°C T, 24 R ATLIEL 72,
Z D% KIS DT N — AR E [ E L, BILBEREZ R L 72, OEimCsC, CiimCsC CHILE L
72O 7 N3 —ANHT 54% T > 7= DIk LT, CimCsC, CimC;C DFA1E 67%. 66%
& RALERREIL A B L7 (Table 1), Lo T, AS—H—DOFHENIIRTLERFED [ FICBh R 72T
Ta—FThHI ENRINT, £72. CImCC DAL 58%TH Y, AXR—H—NEFTX
DA, BIRBERE MK R L7z, — 5 T, A A &R (1-ethyl-3-methylimidadazolium acetate)
DAL 3% TH Y . MR A A ARIKOFETLEEREILS > TW s, £ DT E - 72,

EREMHEENR

PERLA A ARIR % 0.5 M & TeBFERFEENR (200 mM, pH 5.0) (2, S e— &HEE
BER AR, 24 WA ARE LT, WERERRTEIR D DIGE O 70 20— ARG | XY
FERIGVEA R LRI L7z, ZORER, AX—P =D HORDIZ O TEMRENRE S 2o
7= (Table 1), Zauik, A=W —DILRAZ X 5 IEMIETBAL OB BHR L TV B EEZ B
5o Btk A—Y—OFENT X B ETLHERE D) _EITHER Lo, IKIETERLE 22 WA A A4
VIRIREBRARE T D MNER D D,

BE~OSH
MMEA A2 % 0.5 M & e YPD E5401C, MEWERERE (Kluyveromyces marxianus DMKU3-1042
) Z W1 ODeoo 73 0.2 1272 2 £ 5 IZHER UHEFESR 2 1 E L 7=, YPD B5H10D B % V72 HE5H 8
FfHIT% D ODgoo 205, FHRFRIICEHI L7, T ORER, AN—H =R 304 OHA130.7 U E
THYEFETH T Table 1 Pretreatment abilities, inhibitory effect on cellulase activity and
(Table 1), L22L, £h

L ED AR—H—TI%,

toxicity to yeast

Glucose yield Relative cellulase

RS AE TR 2 1 Relative ODgoo"
AR —H—NHNDB I (%) 2 activity ° elative 600
SN TEENEGL o - 16 1.00 1.00

720 BUMER A A AR OE;imCsC 54 0.34 0.71
MR IER B TH C1imCsC 54 0.41 0.89

B DIEEIETH D & C1imC.C - 0.32 0.86
i&lﬂj:én—fl/\éo /%\IE[@ ClimC5C 67 0.16 0.40
CEELY 2 C1imCesC - 0.10 0.30
R xR 2 - o "

IMCg . .
e ARaEIc A Y = '
R L AIRIIRICA D [C;mim]OAC 73 0.14 0.16

R T

. aafter 24h, 100 °C pretreatment and 72 h hydrolysis
BRO MR D 5,

»at 0.5 M zwitterions or an ionic liquid
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