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Keyword: Amphiphilic ionic liquid, Quaternary-ammonium salt-type ionic liquid, Gemini ionic liquid,
Surface adsorption, Layer structure

Risa Kawai is an assistant professor of Department of Materials Science and
Engineering, National Institute Technology, Suzuka College from April, 2020. She
received her Ph. D. degree from Nara Women’s University in March, 2020. Her
research interest is colloid and surface chemistry: synthesis, physicochemical
properties and solution properties of amphiphilic ionic liquids and surfactants.

Shiho Yada is an assistant professor of Research Group of Chemistry, Division of
Natural Science at Nara Women’s University from April, 2019. She received her Ph.
D. degree from Nara Women'’s University in March, 2019. Her research interest is
colloid and surface chemistry: solution properties of polyoxyethylene type nonionic
surfactants, and structural analysis of molecular aggregates such as micelle, liquid
crystal and foam by using small angle X-ray and neutron scattering techniques.

Tomokazu Yoshimura is a professor of Research Group of Chemistry, Division of
Natural Science at Nara Women’s University from 2014. He received his Ph. D. degree
from Kumamoto University in 2001. He worked previously at Tokyo University of
Science as assistant professor and lecture from 2001 to 2006. His research interest is
colloid and surface chemistry: (1) evaluation of physicochemical property of novel
surfactants designed and synthesized by himself, (2) analysis of nano-structure of soft
matters such as micelle, liquid crystal, foam and emulsion using small-angle X-ray and
neutron scattering techniques, (3) ionic liquids, and (4) amphiphilic polymers.

Acc. Mater. Surf. Res. 2022, Vol.7 No.3, 92-102. 92



Acc. Mater. Surf. Res.

https://www.hyomen.org

k7T LERAHRE ATV R EORERELEEE

ABER S REFHS A
BRETEEFRIIER
P FRXFAL

1. [FUHIC

HF AT =A OB THERSINDA A
HRAKIE, 100 °C LA FICESAS D THY,
FEFNESRIBRMEDPEE DD, TERDKLH
I TR DO L TR 250 T
WD 8 A AR AR T DA A DR
AbhEIE£<, BITISUT, @S, B, K
FE, M7 E O AL PR E 2 A R HZ LN
TED, DDA RKITBLE, KIGTAHA
2 FEMRE Y, it S0 A 7Y, RIv s
F YYD 72 L OME U R BT CTRFZEDS
IThNTWD, ZNETIZ, KRk TERENE
DOMWEEL DT I WA G 1V, B
EDIETANRIE L DA A AR 1V, BEPEA
TR D, B E DR Lo — AERVEIRTED
A AR DL, SEXFREE R
DAFRER R ESNTED, 5% IHITHE
AT PERE SRR REME 20 D BTBLA A iR AR D B
ERMFFSND, 0 TRICT VX VHER T5
MR DA A AR, — WO S imiE
PEA & RIERIC S mTEEZ R L, KR T2
BEERTHIENMOBNTND, ZIHDIE
BUBNEA A ARIRIE, AFZ YV VTR 90T
U DR DT R ENEE AL THY, T
T =0 I R D TR A A AR L2 B
ERALIE T E G AN

BRI B & LA > DD B A AR
R, EEECA A A o =—
JIRVRIRIE R R L, B LB DRk DT
JREIEETOIT D0 MBUEAEA AR Z 7K I
RS ELE, [OKAmEICHEL, KiakH T
SEARRU IR EOSEFE EREEORE
EREFR T D, ZDOIINT, BBUEENEA A kK

Acc. Mater. Surf. Res. 2022, Vol.7 No.3, 92-102.

IIAA AR E R EIE RO B EE D D,
EBIZ, EN-PERER L UMERENED R B s
ENnb, FexlZonETlo, BilmEEET5
¥ e =AU ETE A O B A R TR0 T 5T
X B0 X5\, VIR ETEER O IE R
FOMEIEELT, 3 Bk 3 BIKEMEEOR A
Uo7 BIFEIE RN E B L, A EEL T
72 bt T A A RS L O
=RUREEMEAI LB RV CMC e O R TR
Pa R T ZENHADIT>TND,

AR, A AR AR L LT S S M O
F MW B VTR RRIC B DTSR 3
BEINTWD, Tabh A AR E SRS L
7= S ETETERI OISR, 1982 2T Evans HIZ
FoTHEINTEMB=T LTV E=T A
(EAN) DA A AREHFIZ 1T D F A4 St
TEHEAIOI BNV T2 D00 TTH
% 2425 2003 41 Anderson B, A3IF VU
RA A AR 1 2 FL i iE A O/ L
A DWTERE LT 29, Patrascu HIE, 134
U LA AR ZARE L To AR A =5
L (BO) SR FEA A RIS A O K Rk J7e
EOPEIZDOUVWTIA, ERUAA RIS
DO LIV TGN RAE 5 A o 0D f 2
[ZOWTHELE 2, AR RBIT DR
T PERI DS A REFEICEL T, X #/ itk
&L (SAXS), HHE+/INMATEL (SANS), X #R[E]
P1 (XRD) & W= ZEb T g 230,
R8T VXNV AE A5 W BLENEA A kAR
IX, 7SV TR S A TR T 2 e
HWAESI TG 313 7L LEHEM 10 LUk
DALV LFAF WA (Cymim X, X=CI,
PFe) 1T, KM Z A T2ZENR BTN,

93



Acc. Mater. Surf. Res.

Triolo H1% SAXS # U T3V, Lopes & Padua &
(X5 F81/1% (MD) 2L —va ik Tf
F AR R — WA Lz ¥, LaL,
ZNWETOWREZL, AIF VT LEGEAT DAF
RIRBEEAE THY, WA A AR
DT B TIIMFZEFI A D72,
AT, EEONINETITARE LY =3
SRR XN A 7RO LT =0 LR
R BN EA T AR D E AR, B, 2k
PEARE U7 S TS A oD S W A& 258, ~S1s
HCIE RSV ks, SmiE A2 L7z
LEDJEREE OV TR 5,

2. MBEEAAVBREDERK

WUk T > B =0 NEX AT OEGR, ©xI=
36 LN A 7 BAT N E A A R AR DF
FRAZDWTHREAN T 5,

VUK 7 2 B =07 I S A GH R [ g e 1 A
ANRIE(Cy, X, n 1XTAFNAVEE T =2~10,
X 1 I#%fA 42T X =FSA, NTh, Figure 1 (a)) 1%
R AF LTI L BALT LF DA RkEND
WUk D BALA A %, EA (T VA A L
A=) IR AT L (KFSA), EA (N7 /v 41
AR ANVTR=)V) TIR YT A (KNTH) 2
T, ZNZEH FSAT, NTH ICAF L #5248
TELND P, AEE T EABOESOT LF
NEAEETHURT v E= MR = I=5

(b) Gemini type
C mH2m+1 C H2n+1

(a) Monomeric type
CnHZn+1

|+
N N CH
HsC” ) "CHg g Hac' (227 H3I-CI:C LCH
CHy td CH3 3 3 o

3 X
c,X C-2-Cp, X

n=4,6,8, 10,12, X = FSA, NTf,
m=>n, X =FSA, NTf,

(d) Trimeric type (star-type)

m=6,8,10,n=2,4,6,8, 10,

(e) Trimeric type (linear-type)

https://www.hyomen.org

WEENEA A AR (C-2-Co X, m & n 13T L
FNLEHETm=4~10, n=2~10, m>n, X =
FSA, NTf, Figure 1 (b))%, N, N, N’, N=7h
FGAFNTF LTI 1 F203 2 flfED R

BT AFNDRINZEY, AN RAL A
T EATHUB W EERRL, ZORbA
A& FSAT, NTH \SA AL L THRONS Y,
AR—H— IR EIERZR 26750

T =y AR Y =X =R A A
W& (2C.(Spacer) NTf,, n=10~14, Spacer=2-
0-2, 2-0-2-0-2, 2-N-2, 2/2-N-2, Figure 1 (b))

L, BFEOAF LTI FHERE BT LR L
DN F0FHND WAL D BALY) A A
% NTE (TA A ASHL TESILD 30, Tk T
T LR BRI A 7 B L A A
AR (3C tris-s-Q X, n=8~14, s [FAX—H—

£ Ts=2, 3, Figure 1 (¢)) 1%, "UA (N, N-U 4
FIN=2-TI)TF)) T (s = 2) ET2IZRI A
(N, N-U AFN=3-T /7 a ) 7 (s =3)

DAF AL, WNTEALT VXL E-i3T3v(b
TNENEERSETERINA UL DB

(b LG AT L A A T H L

THELILD, Wk T = LR ESIR R A
U 7 BU TR A A AR (3Calin-3-Q X, n =
8~14, Figure 1 (d))I%, N, N, N, N, N"—~3
ZAF N T’ L N T ERALT VR L%
TERSHETERESND UL DO EAL A

CH2n1

CH2n1

g %
2C,(Spacer) NTf,

n=10,12, 14,
Spacer = 2-0-2, 2-0-2-0-2, 2-N-2, 2/2-N-2

(f) Counterion X

ChHon+1 CrHan+1
+ by 9 O O C")
(HaC)N'_ N(CHa), CoHy CoH CoH %
P n+1 2n+1 2n+1 F~ .. ~N u\F F3C” II SN7 “CF3
(CHas_(CHy), . | ° 3 :
N 3 \/\/ | \/\/N(CH3) FSA NTf,

CrHan+1

3Ctris-s-Q NTf,
§=2,3,n=8,10,12

(CH2) 3NTf, CH,
l (CH3)2 g/g

n=8,10,12

3NTf,

3C,lin-3-Q NTf, m

Figure 1. Chemical structures of quaternary-ammonium-salt-type amphiphilic ionic liquids.
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Figure 2. Relationship between melting point

and degree of dissymmetry of two alkyl chains,
n/m, for Cm-2-Cn NTfo.
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Figure 3. Relationship between melting point

and alkyl chain length for trimeric ionic liquids.
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Figure 5. WAXS profile for amphiphilic gemini
ionic liquids Cs-2-CnNTf2at 60 °C (n= 8: 90 °C).
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Figure 7. Cryo-TEM image of 2C12(2-O-2) NTf..
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Figure 8. WAXS profiles of EO-type nonionic
surfactant C12EOs added to amphiphilic gemini
ionic liquids (a) Ce-2-C4 NTf2, (b) C10-2-C4 FSA
at 50 °C. C12EOs concentrations of 0, 10, 50,
100, 250, 500, 750, and 1000 mmol dm=2 from
the bottom.
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Figure 9. Image of the layer structure formed by
C102-C4 FSA and C12EOQes.
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Figure 10. WAXS profile for amphiphilic

trimeric ionic liquids at 60 °C
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Figure 11. Image of molecular skeleton and

flexibility of gemini and trimeric ionic liquids.
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