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RHti  BTORE, FELST, REAN, BAEMN

B FWAK (ionic liquids, ILs) /&8 7 & IR F sl it
FIEA RS —FhA YUY B, bl ok
JE& SR T 100°C A HLER SR B PR, B itk
SR R B P 5 8 TR, AELE
. SERENE A YA L, R ik
(4 B BH 5 7 38 5 AR BUR X AR, BRL b F A T O T ik
8BS PR TP By B PH B 7 2 B AR 4, X il
1B TR B BH B+ AU AT LA A PR3, 0] L
A3, Rk, R T B A YA AT A
PREEHY,  Fks BE B PR AR, & S 8UE S TP,
KIUEE LAY . B3RS S R AEIE
X 5.

BT WA S A ) R A M 5 B AR 2 Ry TG
Bayg et (1) JLFIEERE A BA i,
fEAEAF IR 2 4, (2) AR TERITE; (3) #4
FasEPErs, MRS E T400°C; (4) HmALFE 0%, 2
T8 5 T IWARTF 45 & B A RO Y A 5 T R kAR
JRU N B LA 25, — AT IR EI3~5 V; (5) S ML

R, H&E BR8N, %R OK, Stk sy,
(6) WIBETTME, 38 RN [ 45 44 1 B P 2 - e
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TE 2 BTk Sl Ry 0 W A PR BT, B VR A T R
— OB B R, BTz N T A LA
fefl . AR, Aanhbes . Ak DLRIR S 5
THT 12755 AR 22 40U

Wi 2% 431 (amphiphil es) A4 5 3C 8RR I8 T 7 i
ERAAR. HP, “ape” Wik 2" amphis” &k &
FIR . RCE Y, T euiio” H 2 “ philia” 7 5 .
PRI, 9 53 43 3 2 (] i B A 2 K e 5 i K Y —
A A Y. R B G S o S R SR K A Sk
(hydrophilic head-group) fl & 7K 9 # M B i
(hydrophobic tail-chain)Zi iy, Jf H k35 EH 1
A Sy 5 22 (8] 1 3% 452 05 2n] U Z2 Rl 216 (K12).
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Figure 1 (Color online) Schematic illustration of ionic compound,
ionic solution and ionic liquid

B, AT LA R R AT LU SRS TS R o T
Jee R LR B 1 2 03 . |l T AR TR SR 1 Y R
P, HIE ToK)E, EWERMRAEL T, ST
T A 0T RS, SRR T ) K, i 7K R A i
] 257, MR T WA SR T 5K ). 4 3R T 1 771
e G R B — R LR, R AR N
Z BTG VE R 21, VRHH B 2 18T R 2 1 A
SAEZ AR S AN AR (B L W T Hik
ER . JEfERR Ty | n-ndfERUVE HTSE) SRS, LItk
D i R P R AR e A R R A T 2K B kR
ST L2 Fh BA R MR BRI TR 5 . AT R B
ARG A BOR BR L B HUIR L BRR L BRR) . #8000
(PRZEHZIR). GORE . GRS 4E . ORI 2K
ANAL L) WELRAE. PR T A 4R
EENEE7/E N 7BLIE N vy S S F 25 3 R NIDE SRR
At BB M5 S SF BB BOR i & 45 8 Ok B R
EHIFEH.

TEUNAT I PR, B 1WA B AT 2 Bl A i 4 B
2 BT, W 2R 4> 1Y H 2R AR 2 A 2R A
SURIBTFEIARL. I, BORES BB} 2 53 M T o]
BB TR B PEH 5 PSR > 1 1 LR LSS &R
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Figure2 (Color online) Amphiphile classification!®

Kk, WHREE TRAS S MPIES T A4 R
TWARBRAE S A BME SR P oy T AR AR, A
BY TGS SR B A BT, e T8 TR A
BRI AN K. R AR TR S SR R T
FI AL A fry 2L R

1 BTSSR T A 4%

11 JBeR

VE R 2 5 R BB B 5 AR T DL 43y 2
200 {7 B A (protic fonic liquids, PILs)FI
B 7P B 7 A4 (aprotic ionic liquids, APILS). i+
PEBS PR 5K L, v LAz fgs s+, [alAsfig
TE R, = 4 S W 45 2544 . il R £ FE M (ethylammonium
nitrate, EAN). F4ER TN % (propylammonium nitrate,
PAN)#R I UL Y BT 5~ PR RS 7. ik B e 1
WME WA BT A BE T, TR Rk
B TR, an1-T Kk -3- O R e py A AR AR
(1-butyl-3-methylimidazolium tetrafluoroborate, [bmim]
[BF4]). 1- 7T Jk-3-H BEpKme S S R £ (1-buty!-3-
methylimidazolium hexafluorophosphate, [bmim][PF]).
1- 7T 5 - 3- P 5 R s X 980 P A 756 IV fi% (1-buty | -3-me-
thylimidazolium bis(trifluoromethylsulfonyl)imide,
[bmim][ Tf,N])%.

FL7E 201 20 804E R, Evans 2 ATk A5 T B
B % T R b A — LR AL g (alky ] trime-
thylammonium bromide, C,TAB)HI%z 5L IR Ak ik i
(alkyl pyridinium bromide, C,PyBr)7t EAN H A%
WALTT K. I A BE, EANASAAT LIAE R 518 o] DL
VB B G M 7 2 IR TR . Varel aifft g1
WEFE T — FF BB - 2 a3 M 7] e i = PP R S b i
(alkyl trimethylammonium chloride, [C,TA]CI, n=12,
14) . Bkt = H 3R AEZ ((C,TA]Br, n=10, 12, 14, 16)fl

AT

Gemini Double chain Catanionic

547



a4 % B B 2017HE2A £62% Lo

+ e Lt e 56 (dodecy I pyridinium chloride, [C1,Py]Cl)
TEEANFIPAN (1 I oAb 47 2. AR 1 AT LU
Bifi 7 Joe S B K A0 3G hn L AP SR TH TS R AE EAN A
PAN A (1]11f 57 158 52 34€ E (critical micelle concentration,
CMO)#RZFEAL. JFH, EfTMCMCHE 5% A EH
R R, i BPANSEANS/KI PR BEAIG. Warrifiist
IR G T — F G R B T2 i K e
J B 4R £ U Bk (alkyl  poly(oxyethyleneglycol)ether,
CoEm) 7E EANFIPAN 1 i i SR AL AT Sy . 25 2R 3R W,
CrEmfE PAN H I B R 1 E 7 22 L 72 EANHR Y 555
AR I S TR S K A, E R SR AR 1 B
W/NFIK, IF B Figs SR BE G AR e 3
BERUIER MRS . R, 2 2 3 1 707 ot 5
TR B e T AR K S, AR PEE
TR I CMCE T &

I JUAE, —Sedk BT+ B WA R 3 50 0y A
ST B SR B TR A . Anderson® A MUEFSY T I B T2
TR e FEAR BR 8 (sodium dodecylsulfate, SDS)
5 AR B 2 0 0 PR R R & 2 B T RE Bif (polyoxye-
thylene lauryl ether, Brij35) 7& Bk M 2% B 7 Wi
PR [bmim] [PFe] A1 [bmim] ClH (4 AT K. GEIH T I
HOE A 3 220K Bl g 2 3% 010 1R 590 431 e U RS
T AR Z 0] 0 B 0 SR, 9 L 3k g 35 790 4 /D
Tkt K VE . Fletcher il Pandey!™@ & i il 58 1
ANTR) B iy B B - B e i 1S MR SDS. BHES AUk
1% P 7] [Cre TAIBr LA K¢ HJE B 284 3% 10 17 14 57 Brij 35,
TritonX-100, Tween 207E1-Z, 3E-3-F1 BBk m: — (=58
F L) B Bk iz (1-ethyl-3-methylimidazolium  bis(tri-
fluoromethylsulfonyl)imide, [emim][Tf,N]) " iR 17T
H. B, RS RIS PRI T [emim] [TfN],

PH 23—~ 2R A1 5 PR R B4R T LUV R (ER REE R SR 1K,
A AR 8 - 3 1 17 57 £ [emim] [TEN] A ] UFE 1
R,

De Lauth-Viguerieiff-# 413153 BIHF 5T T K A e
Fe R A 2 M BESE w5 PE R (alkyl poly(oxyethyl-
eneglycol) ether, C,E.)7E[bmim][BF,], [bmim][PF¢]
A [bmim][TfN] P iR ALAT . BF5E R, C.EE
BB B RS 5 8RR 45/ B &R, Inoue
ARG T — RPN RA AT TR
T M7 CLEmfE [bmim] [PFe] H I R 2178, 5 [bmim]
[BFJFIK A L, ChEm 'S5 [bmim][PFe] 2 8] (i %5 771 /E
FH 35358, Ao 3R 00 1 500 43 A SR 5 T A R
IR, CMCIETE K, KA RELTE /. Lodgelfil
I R T P BRI R (L2- T )- B A
K (poly(1,2-butadiene)-poly(oxyethylene), PB- PEO)
TE[bmim][PRe] Hh 1 R AEAT . B, T8 8 P ik
By 4 B A, AT LA SE B0 A IR IR e o 380 5 PR e R
PR3 BRI B 5645, 55 81, PB-PEOTE[bmim][PFe]
HOE B SR AR AR B TR = i AR E 1, 7E100°C i 2R
LRI IR IR,

AR PR ZH OC T 3R 10 PR R0 AR AR BT iR
) AR T R O TR TR TR, AR O
WEoE A B 7 £ W 35 E 7 Tween 207E[bmim][BF,]
F[bmim][PFe] T (1 R EEFT Mt & B, Tween 207E P
FVES W AR T B0 SEE oK ek, P — 2P RETE
SR . A 2 T A 53—l FH R R R T
1% PEF (perfluoro n-butylsulfonyl fluoride, FC-4)
7 [bmim][BF,], [bmim][PFe] & [bmim][Tf,N] 1 i) 2 5
AT R R I T A LS, FC-47E [bmim][BF,]
HOE B SRR R R AR S AR, 1T AE [bmim] [PFg]

F1 JLMEETREFENEEAN, PANFAK # #ICM CIE(25C)
Tablel CMCsof the analyzed compoundsin EAN, PAN and water at 25C®

eI ESn| CM Cean(mol kg™) CM Cpan(mol kg™) CMCyaer(mol kg™)

[CTAIBr 0.174+0.040 - 0.602

[Ci, TA]Br 0.100+£0.010 0.26+0.10 0.0133
[CisTA]Br 0.0249+0.037 0.161+0.0050 0.00341
[CisTA]BY - 0.113+0.0012 0.001
[CiwTA]CI 0.105+0.032 - 0.00226

[Ci, TA]CI 0.0330+0.0060 - 0.00447
[CiTA]ICI 0.100+£0.010 0.293+0.061 0.0112
[CisTA]CI 0.01270+0.000050 0.100+£0.024 0.00097
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FC-443 T IE LA 2 B B oK 3K, 78 [bmim] [TfN] 5%
TE ST oR, it 2 VR JBE 1 i — 25 1 R R I . AR
A P RGBS T — RS E i BER AR A
- TN - R 4 32 R W) (PEO,-PPO,-PEO,
L61, L64, F68)7E[bmim][BF,] Fl[bmim][PFq] H Y i o
RAT R, B BER A Y B CM CHE it % PEOKE K Y
R ZE W K, 58 B PEOy,-PPO,- PEOLTE Wi 1 B 1k
AT I R R ) F2 AR B ) R SR RIE R . meAh,
LB T 1% PEF Triton X-100 7] LA 7E [ bmim]
[BF] Al [bmim][PFe] H e 9. 4 ok 21388 5 el
T RMBB(FF-TEM)Z5 R B, Triton X-100
7E[bmim] [BF] HE Y 2 A FLI A B0 AR, IF
HREMRIFERTF KPR (ESI). 'H NMRE
4[] % NOESZ 1 (2D ROESY )iiF ] Triton X-100H 4,
O HE A b A AR A SRR 5 S AR BH S 2 T
) 8 FLAH B R B RO B R IR ), X S
Triton X-1005 /K 53+ Z [T B () S8R R 210
Sarkarif 5 41 P54 B 58 T TritonX -1007E [bmim] [ PFg]
HEANR G HI T REFT . HEANSIATX-100
(¥ [omim] [PFs] % W J5, EANTT LR A TX-100/[bmim]
(PRl e o i, it — 25 o8 e ol i R 85 IR Z IR
S REA AR ) 2544

J TR B AR S R T B AR Y T LU
Sk N SR EE MR T E R U R . 5K
FIEE, P2 B T AR i R AR A — 2 R 1Y
5 NS A S TITRTLN 3 7 ey ¢ R B L & NS R | 50 V7
MBE S Tk . [FI, BRI RIE S
BTG | O A B R, MR
M) Y 2 T 0 P 70 o0 T AR B TR AR R I R A TR

Bl 3 Triton X-100 7E[bmim][BF,]H#E N 1.5 CMCH}{FF-TEM
[1_2[[19]

Figure3 FF-TEM image of Triton X-100/[bmim][BF,] solution at 1.5
cMmct

1.2

LS T 1A EAN Ry 5 570 T8 ARG 110 R s 1A% 2R i A
i Evansift i 20 4% 3 A9 Y. fE gL BE Al b, AraosHil
Warl@ Z G i 58 1 F 85 12 1 15 7 77 C.EnfEEAN
TE BRI . BfiJR, Haolf-Hi 21 P BLRBESE T CooEet
EAN Y B WA, 4 N 1 14 7 22 B e 4l ok
% . Drummond i B 20 P4 4 3 T il 2 B H i g
(monoolein, myverol 18-99K)AIAH k¢ — % (phytantriol)
£ EAN Z5TF B 09 . Wagneridft i 20 2% i i s |
HLSR | NA T FEUR (SANS) 2 2 R 7 858 1 [
By 1 R T PR [CeTAIBr7E EANH AHAT g, & B
2 [Coe TA]Brife i 71 45%~62%(Jit 1t 73 K ) I, Bl 45 ifit
FE AR AL, AT LA A T 80OR 7S £ 00 R Y T 30
A% . Chenif 8140 o 5 38 T A B 7 2 3% vk #
P12312% BrijQ72 Vi B 5 1 44 7 4 £ 2 Gemini 2 T 7%
5 (CeH s at, - (M &N -CriHome 1B )5, s=2, m=10, 12,
14)7E EANS28 1 PAN FI i 112 T~ 3 £ (BAN) PV IR )i,
BV SRR 2. LAk, Wagnerififisi 28 BOSE L T 4 5
it 2k JE B 7 2 % 2 7 (phytosterol  ethoxylate,
BPS-10) 7r 3 it 1 M B F ¥ 14 [omim] [BF,] A1 5T 1 4
BT AR EAN I Y T S AR S i 22 5L PSR &
B, EANJE B 1) — 4 25 0] ) 2465 45 #4) 58 25 2 418 1 9 5h 1)
& . Wagner A5 20 BUIR T 5T 1 BE AL B Wy P1237E
FF 5T 1 5 5~ W AR [bi m] [PFe] HH 2 AW S A, IR
B T PEOE A 2 i i T2 I Y e . 15 /K A Sl ¥ ) I
T SO b R R A EG, B R Ry ¥ 70 B 1Y
AR B R R AR E T, X O U SO A R R
ZMEF R AL T T e, BT — e PR L.

5B TR S 50 5 ALY R R R T,
BT AS 5HSE = AR R TR U T
£ B T WK [bmim] [BF,] il [bmim][PFs] & 3. Litfst
ZHHF5E 1 7K IBrij97/[bmim][BF4] ([bmim][PFe]) =T ik
;‘IEMZIS,%'%[?’Z]Eﬂ(/ClgEZO/[bmim][BF4]?ﬁ?ﬁﬁdl{i/ﬁz@[%l.
FEH LR |, CheniffigH B4y 51 T /K /Brij30/[bmim]
[BF,]([bmim][PFq]) = ol f ik &, JF RGEW5E T iR
JEE AR X VR AR AR A Y R

1.3 ¥l

e F 4T A6 B F IR A B I8 2 i Ak &R
fARE 2 G BR . Kimizuka 338 7E 20014F 1 YRR T
WG A — g i — H SRR TE B A R B B VA
WHER R AP 4 F BRI 5 B PR = F 2 [
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J Y A P IR Y SR 0R 5l ). Hao% AP %
PR T —Fh G2 18 T 4 77 (Zn(OOCCH 2CoF 13)2) 75 [bmim]
[BF,] "1 0T LAJE B 7, i3 b BH B8 3% w6 1R 0 5
PH 25—~ 3 10 195 7 57 - DU e 56— 3 42010 2% (tetradecy I -
dimethylamine oxide, C;,DMAO)J¥ i i & i /& &
7 [bmim] [PFe] -t 7T LUJE B30 Gayets5 AP 5¢
KB — i 1 IE IR B 26 PR 0% 43 F (1,2-dipal mitoyl-
sn-glycero-3-phosphatidylcholine, DPPC)7E Ik M} 2 =5
T W AR ([bmim][BF,], [bmim][PFe], [emim][Tf,N])#
M E 25 B T W AR (N-benzylpyridinium  bis(trifluoro-
methylsulfonyl)imide, [bnpy][Tf,N])H 30l L [ &
SR, Fealt, Wagner AT 4 B9V B PH B 1 R 3K T i
3 AL A 7S b F T 3 YR Ak #% (didodecyldimethy-
lammonium bromide, DDAB)7EEAN 1 A] LI Jifi 4 ..
24 DDAB J¥ b 2%~68%( [ & 7 B IF, 14 £ 1l LIE
BOVUR, Horh EAR R ~30 pm B B4 5 0 45 A
(L)Y FEAFAR, 1T AR ~2.5 umAd 2 0 4 (1 4).

2 BT P 1R D A i T SR 2 0 0
o 1-Agl%E
TR e BB K ) — i KR, T

A 1 T S T 9 1 O S M A, AT

T 1 — 2T R T R, 300 0 k2 R T 44 1

TR ST P RIELEH, T EE R T Wk

AT LU % 2K 45 R BT SRR SR R 1 53

T

21 R

211 MEFAR@EESFRHE
AREEK  SOE T BRI 2R B AR 2T R BN

Bl 4 (M4RUR (2)30%DDAB/EANTA T 4 (8) LA (b)) 5 4 i
ERUAC S

Figure 4 (Color online) Micrographs recorded at 25°C for the lower
phase (a) and the upper phase (b) of 30wt% DDAB/EAN solution*!
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Tz — KRS L B k. 5L 7E20044F, Bowers
2t NV B 55 7 [bmim] Cl, [bmim][BF,]Fl1-3¢ %-3-
FH 2 K et (1-octy | -3-methylimidazolium iodide,
[Cemim] ) FE/K A REFT . BEJA, El Seoud
NV R GERE 0 T S [ i K F) 1-Je 5 - 3- R Ik e 4
¥)(1-alkyl-3-methylimidazolium chloride, [C,mim]Cl)
FE K VE W B B RACAT 9, R IS R B ) = %2 3K
B 1 R T S K A T SRR L AR
BEAE E, Inoued A2 Jungnickel s A1) Lopes:
NS0350 FA A 1] - BEAAIE [ Comim] Cl (n=2~18) 7F
K 9 R EEAT . SinghFIKumart 3R fii™H NMR
oM T ARNAS R S B SRS 1 b BE A A S T
A& [bmim]-Cl, [Cemim]Cl, [bmim][BF,]#11-T %-3-H
BLn iE S8 ([bmPy] CIJE Y R A TOML 254, BB T
B WA 0 S5 8 Ak DL R 5 K 22 1) B AR ELAE TR
R I, Ak, Wang®s N8 Vanyarsgs AR
Goodchild%s A\ 2 et 8 17 AN [l e e 4 14 1-hog S
3- FH L BK s YR AR ([Camim] Br) 7E /K i 1 i SR A2 A7
. WHEIEN], RAT G SEEE K n>6i, [Comim]BrA fiE
T — 2 g5 R Ak AR AT R G TR
A b 55 K AY[Cmim] Br(n=10, 12, 14, 16)HIA[F] 2 B
F 1Y - e k- 3- FRE R e U S8UA 7% £ (1-dodecy | -
3-methylimidazolium tetrafluoroborate, [Comim][BF4])
TERE W H R AEAT . WF5ERD], [Comim]BriE K
TRV VR 18 2 TRV M DG T A [ e i e A 110 2 e £ 5 B
B ARmE R, mH, B TBRTHIKEE/NT
Br, [BFa] HE S AT S50 57 i W s i P Sk 22 1] 1 5
J& 71, A I [Coomim] [BF,] [ % 3 1 5K 71 64 g /1 40
F[Ciomim]Br.

BT KR SIS SR T T R B AR, AATTIE S T
FEAb AN [) Sk i 1) BH 25 1 Y SR T MBS TR Baker
2 NSOV VR 5 1 Nt 35 - N- FT 3 T e 91k )
(N-alkyl-N-methylpyrrolidinium bromide, [C,MPyrr]Br)
TEK VR A R SR AT . AR IEIER |, Tarig: APUHF
FE T AR FR NN - Ao 35 b g6 ot 92 164 (N N-dlial -
kylpyrrolidinium bromide, [C;C1,Pyrr]Br, [C4C12Pyrr]
Br, [CaCePyrrIBr)TEKIE W BB AR ALAT . A TR
BP9 T — 35 A ] ot 3 % 4 9 [CM Py rr] Br
(n=12, 14, 16)7E KV B A AL T I T #1
TES R BRI g Sk BR 0 3R TS R TR
Sastry 4 A\ 1 Blesic 4 A PSR i 57 1 A 7)o 3 i 4
I E S AL B[ CLPY] Cl(n=4, 10, 12, 14, 16, 18)Lk K N-
+ =48 5 -N- B L IR & VR Ak 4 (N-dodecyl-N-methy | pi-



iF

peridinium bromide, [C1,M Pip]Br)7E /K ik F i 5 4k
1128, I 5 A TR 3k 3k 245 40 19 25 - V1A [C1oM Pyrr] Br
F[Comim]Briff 47 T X b, 255 & 0 BH &5+ ) 4549
FIVRE for 25 B, 9 B8 A R SIS DL R o S 1) BE AR X
WEHIE BAT . 25 5

PUAR, — 20 ELAT Rr ik 45 b 0% 2% T 3 1 S 1 WA
WARH T2 RGP, Aok AP 4 i T vk
M Sk 5 1) Gemi ni 81 3% 1T 36 M B T ([Ch-4-Chim)
Bry, n=10, 12, 14). W53 &8, [Cy-4-Chim]Bro 5 [F]
T Bl K B (1% PR IO s Y 3 TR 0 PR S R AR E, R
U AL SR M. AR P RS R T
M 1% 3k 35 (1) Gemi ni Y 3% T 16 1 B 1 W4 ([Chpy-4-
Cnpy]Brz, n=10, 12, 14)7E /K AR AT T R, AR TR
A STVIR BF 5% T N, N-BUSE b B 0 9 Ak ) (didecy -
Ipyrrolidium bromide, DC;oPB)7E/K H B AETT K. i
It B 5B (POM) | IR 2 51 HE F W 8% (cryo-TEM) LA
RNl X T 2 F0 T (SAX S) 25 SR R BH, Bifi 45 1k J& 1) 3%
Wi K, DCoPB W] LI M HAH AR Sy 2t tH, A8 R
JERW AT, s, — 2 Ak S 3R 1T 0 1 S T TR
Tk S8t 2R 1R £ (sil oxane ammonium carboxylate [Si(n)-
N(2)-CA(1), (n=3, 4)])Biit4 ko (&5). it 4
Jot 3 9 5 | AT LA ORISR s v, I
R R SR, AT DA K R oK R R

~20 mN/m.

PTG P B WA Sy — 2 A S T T M
HALK I B R ) 3K 8l g = i K AR | # L A
HAER . SEEEASE. R, 2 s s AR Sk
FE e FEEE A LA B F W SERER s 0 R R AR TR
FEAER, SR Z RIAH EAE R, CMCIEBRAIL; %t
FERE A, CMCIEBRAIG; 380 52 825 (A B 1 A AT LR
{ECMCIH.

212 WETFAXRHEEETFRAE

20114F, Eastoeift i 2 9% % JH 2 i 9k 71 A0
SANSIENFFY T BB+ AT Zhi 3 . 2- 230 5
% T 1 9 A T 55 %) 2% T 35 PR 8 IR R K s i
RAEATH, IR IR B il a4 8 B 1 R SR T
% Pk B T WA (anionic surfactant ionic liquids,
SAILs)", HZ5# K6~ X AhEH &+ B R
TS TR R R S R TE M, 7T RUA R
MK 5k 1, Hodr [bmim][TC) AT LA /K i) 2 1
ik 71 B 2 ~25 mN/m.

TEMERE b, Y ulRE 4 Y g T O E R B TR
1- T 56-3-H BEwk s — e SL ARt 12 £6 (1-buty | -3-methy-
limidazolium dodecy! sulfate, [bmim][DS])FIN-] J&-
N- FF 25 It g e+ — e B 7 R £k (N-buty |- N-methy-
Ipyrrolidinium dodecyl sulfate, [C,MPyrr][DS])7E /K%

OSiMe;,

R—Si—(CHy)3—Cl 1

0SiMe,

\N Ha(CH3)2NH2

OSiMe,

R—Si—(CHp)3=NH=(CHp),~NH, 2

OSiMes

W

-l
Me—Si—(CH2)3—NH-(CH2)2-ﬁH.]lO—C—R
OSiMe,

OSiMe;

3 n=1 Si(3)N@2)-AC
4 n=2 Si(3)N(2)-PC
5 n=3 Si(3)N(2)}-BC

R=C H..., (n=1,2,3)

B 5 REILME TR TIRIAISI(MN(2)-CA(L), (n=3, D] & Bk

|

Ma,SlO—-?i—(CH,Jg—NH-{CHz)z-NHg

YSIM €3

OSiMe;
| 4

=

6 n=1 Si(4)N(2)-AC
7 n=2 Si{4)N(2)-PC
8 n=3 si(d)N(2)-BC

OSiMes

R=C,H;,.. (n=1,2,3)

Figure5 Synthesisroutes of siloxane ammonium carboxylate [Si(n)N(2)-CA(1), (n=3, 4)]"*
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Figure6 Structures of anionic surfactant ionic liquids®®”
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U RE RGO, R G PR B AT B 3ROE
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213 it REEMEEFRKE

R B WK AT ", AT TP IR E SR
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Y A W Wy e AT 1) R s SIS S T 9 M B TR, T
RV AR PR RET R, R TEEREAMTIA, X
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M 1% 35 A1 A9 51 AR T Py(CHS)omim™Br 43 1]
G AKAE I Ty i r-nEBRE T, 2 T AR I .

AR AT A BT K BT B P A S-3-
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Reduced AIL

CMCresiceq ar
—

3

Oxidized AlL

CMC esuoea s <IREAOX AILISCMC tyizad

B 7 (MR () [Fellmim]Brid 5 A M A LS LK ) SRS AR B K
Figure7 (Color online) Schematic illustration of the proposed aggregation structures of [Fc11mim]Br in the reduced and oxidized formd™

PNk 1= (1R LR JE) kiR (S-3-hexadecyL -
(1-hydroxy-propan-2-yl)-imidazolium bromide, [Cyghpim]-
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SETHRERAH, M ComimHNC H GEFE BUZE IR AL AH .
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s R FLAVE T L B AKAE DL Sem-nERRAE . te4h, Yu
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oK s %o 58 5L P A iR £ (1-dodlecy | - 3-methylimidazolium

o]

+
N” - (o]
quH C;H,5COCI (/ N }\;'\c(\o

Bl 8 (9-(+)-1-(2,3-bis(octanoyloxy)-propyl)-3-methylimidazolium chloridef) & i 2 &7
Figure8 Synthesis scheme of (9-(+)-1-(2,3-bis(octanoyloxy)-propyl)-3-methylimidazolium chloride™
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BT W R R 4 R oph R R BE . Kunzif 5 2H B g%
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T AHBARR, BB AR MR B B T A b R 1 R
PR, PR A 45 4 1 2% T 76 1 B 1 VR 7E = T
TP RET N, APTHES TRIEAS5D
A5 0 2L 28 AR 1 o 2 R iy FH 91
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Figure10 Chemical structures of the surface active imidazolium ILs used in this study!®®
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Figure1l Chemical structures of the acid/basic functional 1Lg™
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Figure 12 Freeze-fractured images of micelles (0.30 (mass fraction) Tween80+Brij 30 surfactant systems with Xgijz=0.54) at different [omim][BF,]
concentrations. (a) 0, (b) 0.04, and (c) 0.22 mol L™*¥_ The scalebar is0.2 um
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lonic liquids (ILs), as a class of compounds composed of ions with melting points at or near room temperature, have
unusual physicochemical properties including low volatility, high temperature stability, high ionic conductivity and easy
recyclability. Thus ILs have been applied widely in the range of organic synthesis, catalysis, chromatography, analytical
chemistry, biochemistry and so on. Perhaps the most unique capability of ILs is to support the self-assembly of
amphiphiles. Due to the extraordinary properties of ILs, the self-assembled aggregates based on ILs have attracted a lot
of attentions during the last decades. ILs are now not only considered as important alternative solvents, but also as
materials with unique and tuneable properties which can be easily adjusted by suitable selection of cations and anions for
a specific function. Based on the unique designability of ILs, it will be expected to achieve the controllability of the
nanostructures and properties of |L-based self-assembled aggregates by tailoring the structures of ILs.

Here, the research progress of amphiphile self-assembly based on ILs was reviewed. Firstly, the room-temperature
ILs can be considered as solvents to participate in the self-assembly process and classified as protic ionic liquids (PILS)
and aprotic ionic liquids (AILS), respectively. Up to now, a number of AlLs based on imidazolium cations and many
akylammonium PILs, such as ethylammonium nitrate (EAN), have been used as self-assembly media to support
amphiphile to form various aggregates including micelles, vesicles, microemulsions and liquid crystals. Different from
AlLs, the PILs can build up hydrogen-bonding networks which are similar to water molecules due to their protic nature
and general properties. The different solvent properties of PILs and AlLs have significant influence on the aggregation
behavior of amphiphilic molecules. Secondly, the long chain analogues of common ionic liquids, named as surfactive
ionic liquids (SAILS), could possess inherent surface active properties and self-assemble to form different aggregates
with specific structures, shapes and properties in aqueous solutions like traditional amphiphilic molecules. Various
long-chain SILs with different cationic headgroups based on imidazolium, pyrrolidinium, piperidinium etc. have been
synthesized and investigated. Except for cationic SAILS, the aggregation behaviors of a series of anionic SAILs based on
organic surfactant anions and imidazolium cations have also been studied to expand the application of SAILs in the filed
of colloid and interface chemistry. SILs, as a novel kind of surfactants, can self-assembly into different kinds of
aggregates driven by intermolecular interactions including hydrophobic interaction, electrostatic interaction, hydrogen
bonding and so on. Thus, the type of cations, the alkyl chain length, and the nature of the counterions have key effect on
the aggregation behavior of SAILs. Thirdly, the physicochemical properties of the given surfactant solutions can also be
modified by the addition of external ionic liquids. Due to the tailoring properties of ILs, “task-specific” ILs (TSILs) have
emerged by introducing functional groups as a part of substituent to impart a particular capability to ILs and further
modulate the aggregation behavior of surfactant solutions. Thisis also a practical way for us to determine the role of one
specific intermolecular interaction on the self-assembly process.

The present work summarized the amphiphile self-assembly based on ILs, including room-temperature ILs as
solvents, long-chain ILs as amphiphiles and ILs as external additives. Our aim is to establish the dependence of
aggregation behavior of amphiphiles on the unique structures of ILs. This review is helpful to achieve the controllability
and functionalization of traditional self-assembled aggregates by the incorporation of functional ILs.

ionic liquids, amphiphiles, aggregation behavior, microstructure
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