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Fig. 1  Structures of ions
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Table 1 Density of the liquids
IL or W T/°C Density/g cm™

100 mM NaCl aq 25.0 1.001

50.0 0.992
[TOMA*][C,C4N7] 25.0 1.281

50.0 1.230
[THTDP][C,C,N7] 25.0 1.218
[CisIq" ] [C4CiNT] 25.0 1.326

L7z, BRALFELVOREK % DUFITRT.

Ag/AgCl | 50 mM LiCl, 50 mM Li "C,C,N~ (W, |
IL | 100 mM NaCl, ¢ mM X (W)| AgCl/Ag
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Fig. 2 Electrocapillary curves at the (a,d) [TOMA"]
[C4CiNT] |W’ (b) [THTDP*][C4CsN7] |W’ (c) [Cislq']
[C4CN7]|W interface with 0 (solid lines), 0.01 (dashed
lines) and 0.03 (broken lines) mM C;,SO, in W at
(ac) 25°C or (d) 50°C and (e) at the NB|W
interface” with 0 (solid line), 0.02 (dashed line), 0.08
(broken line) mM C,,SO,~

The vertical dotted lines are E,,;q at each interface.
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Fig. 3 Electrocapillary curves at the [TOMA"]
[C4C4N7]|W interface with 0 (solid line), 0.02 (dashed
line) and 0.07 (broken line) mM C;,SO,” in W

The vertical dotted line is E,;q.
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Fig. 4 Potential dependence of the relative surface
excess of C;,SO,~ at the IL|W interface at 25°C or
50°C when ¢ = 0.03 (open symbols) and 0.1 mM (solid
symbols)

The vertical dotted lines are E, ;4 at each interface.
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Fig. 5 Potential dependence of the relative surface
excess of C;,SO,~ at the [TOMA'][C,C,N"]|W interface
when ¢ =0.02 (open diamonds) and 0.5 mM (solid
diamonds)

The vertical dotted line is E,;q4.
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Fig. 6 Potential dependence of the standard Gibbs
energy for the adsorption from W of (a) C;:SO,4 at
the [TOMA'][C,C\N7]|[W (solid circles), [THTDP']
[C,CNTT|W  (solid triangles), [CisIq*]1[C4,CNT][W
(solid squares), NB|W interface”” (double circles) at
25°C, (b) CpSO4 at the [TOMA']I[C,CNT]|W
interface at 25°C (solid circles) or 50°C (solid inverse
triangles) and (c) C;pSO4  (solid diamonds), C;:SO4”
(solid circles) at the [TOMA*][C,C,N]|W interface.

Fig. 6a TIE, €280, D AGW, %, 3D IL & NB TH
BLTWA., E>Ey T, IL & NB TRIBED AGY, #
RL7=DIZH L, E< Epg Tl NB[W Ffi & T ILIW R
T AGw 1T, D F D CpSO, 135 RN 2 7R~
L7z, SHEOILCHRETSE, FHIcAEMN 2F 0,
ILIW S @ IL JAS ILHE A 74 ) v F 2R TR,

[Cislq " 1[C4C,N ] > [TOMA " 1[C,C,N ] > [THTDP ']
[C,CN ]

DN FHENEEANE <, ILBER A 74 Y O 7 =% ¥ L O
EAHEAEH O S 2 I L Tz,

LEE % R L 72 Fig. 6b Tl&, 50 CTO AG, 1 Epg T
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Table 2 Parameter f3 for several conditions

Surfactant 1L or NB E— Eiq B
C1:SO,~ [TOMA*][C4,CyN] - 0.26
[THTDP'][C,C,N] - 0.34
[CislqT[C4C4NT] - 0.11
[TOMA*][C4C N1 @ - 0.33
NB + 0.85
- 0.23
C10SO, [TOMA*][C,C4N] + 0.49
- 0.28

a) At 50°C.

V. RHETEYEA 4+ v o7 VR VERE & IR L 72 Fig. 6¢ &
D, CSOs D AGuY 1F Epga THIEL T CpSO, &0 3 1.1
K] mol™ & <, FENEMIL L Vv, 20 X912 Figs.2,3 T
EMMICERRTEZZE 2 AGY, & LTERICEHMEITE
fo. TNHORRIZED, AGH FFHNEEA 4 Y H &I
BT 520 BAA, BMICKEKFL, S5ICIFIL
R4 4+ v OREBIC O EHIND Z EPHL L ko T
IL R A 4~ OREE R BN & BEI R - HilfH3 2
Z LT, R 4 OWEEHIHTE L L HRES
nr:.

Fig. 6 2 L2 &, O ILW FHICH AGL: 2SEALITK L
TR T 2B H 5. 2D AGuy OB
(A @) AR RORTEENLY,

AGy =AGuy = 2F (1= B) [AL.d— AL ']

C 2T, AGoy \FRWEEEA A+~ OFEHE A o VBB BN
(AN @") 2B 2 WA OFEHE Gibbs T AV F—, BIXEN
CHEIFL 2R TH 5. ZORX% Fig. 6 ORILHIIC
TA VT AV TEETH LN BOfH%E Table 21I/7F. B
&, IL[W SN 2 SR T A 4 > O B AL O AL iE
ERBELTWREEZ 5N, ILWRTOEN 7T 7 7
A5 FHNETEA A+ OW B OMEIZ OV TERT
HIENTED. Fig. 6 CBVWTHENERIFLELIFOW
P, HEIBENITE BIZ1ISE. F72, FEEEA 4+
Y ORBIAL, BAT0THIE E O IL JI A7 L,
LTV ERTO WM ET 22 E 2605 (1272
L, 2305 DEZIZILIWHRE EE W) DIFTIERW. &
77 7 A VOEFVEHEIC L AUE, R AL
PNV OBEMOFMFEH LY S WHIZHS. ILHOES
“EHBOBEOIPWHED S F ¥ Ty U ADNE VT
). NB|W FHHE T ARG A 4~ O BHAILIEEMN T
WHI, HEMTNBHIAMELTWS LRI TW
5. —J, ILW FETIE, IEBMIZB VT S EEALATIL
MIcHE->THBY (Fig. 6 DIEBM THEIEL 2D %
W), sulfate ZEASRE O IL T IL MR A F 4 ~ &M EAE
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MUEELESNTWAEZ L ZRIEYT 5. IL TS L,
[Cislq T[CCNT] T BAHEII/NE L o7 (Fig. 6 TH
EDR). THUE Culq DIFEIBALTDH 5 isoquinolinium
FEABFMO ILWIAAAEL, FIEMEA 4 > O sulfate &%
I FEO ILPICEEFE TR LD EEZHN5.

BRI 72 7 = PRSI R & R S 2 S i T T =
* ¥ Td % alkylsulfate D IL|W FEC BT AW ERTEDOE
NARAEVE 2 72, WSS vEAT IL M A A4 >, 1BE, Am
AT Y OTVEFVHEBEIKGET 52 L 2 ERITRL
7o WRASAEVELE, AR | KRR IC B B 5T & W
KTho7ens, ILIIHADOZED), 21, ILHEERA 4 VK
FPED RSNz IL-W AR A o o PR A 2 38
THYATE, RO ER R L, WY SM 2RI
52T, REEEA I YOS EHIHT S Z LT
5.
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Adsorption Properties of Alkylsulfate Ions at the Ionic Liquid/Water Interfaces:
Ionic Liquid Cation Dependence
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The adsorption properties of dodecylsulfate and decylsulfate ions have been evaluated using
electrocapillary (phase boundary potential dependence of interfacial tension) measurements at
the electrochemical liquid/liquid interfaces between water (W) and three highly hydrophobic
ionic liquids (ILs). The three ILs investigated are composed of a common anion,
bis(nonafluorobutanesulfonyl)amide (C4,C4N"), and three different cations:
N-octadecylisoquinolinium (C;lq’), trioctylmethylammonium (TOMA'), and
trihexyltetradecylphosphonium (THTDP'). For all the three ILs, the adsorption activity of
the alkylsulfate ions is enhanced when the IL side of the IL/W interface is positively charged,
compared with the conventional oil/water interface. This IL peculiarity is likely to originate
from the stabilization of surface-active anions at the IL/W interface via the electrostatic
interaction with IL cations. The enhancement is the highest at the [C181q+] [CLC,NT] /W
interface among the three ILs, suggesting that the positively charged moiety of Cilq’, which is
relatively exposed to neighboring ions, stabilizes more the surface-active anions adsorbed at the
IL/W interface. In contrast, TOMA" and THTDP" have positively charged moieties buried in
their alkyl chains, markedly for the latter IL, which weakens the interaction with the surface-
active anions, although the adsorption activity is still higher than the case with the oil/water
interface.

Keywords: ITIES; ionic liquid/water interface; electrocapillarity; surface tension; SDS.



