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Fig. 1 Ionic liquids used in this study

CBH17 [omim][Tf,N]

[bmim][PF¢] : 1-butyl-3-methylimidazolium hexafluorophosphate ; [pmim][PFs] : 1-pentyl-

3-methylimidazolium hexafluorophosphate ;

[hmim][PF¢] : 1-hexyl-3-methylimidazolium

hexafluorophosphate ; [omim] [PF¢] : 1-octyl-3-methylimidazolium hexafluorophosphate ;
[bmim][TF,N] : 1-butyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide ;
[hmim][TF,N] : 1-hexyl-3-methylimidazolium bis (trifluoromethanesulfonyl)imide ;
[omim][TF,N] : 1-octyl-83-methylimidazolium bis (trifluoromethanesulfonyl) imide
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Fig. 2 Chelate extractants used in this study

Htta : 2-thenoyltrifluoroacetone ; Hbfa : benzoyltrifluoroacetone, Hnta : 2-naphtoyltrifluoro-
acetone ; Htaa : trifluoroacetylacetone ; Hq : 8-hydroxyquinoline ; HClq : 5-chloro-8-hydroxy-
quinoline ; HClyq : 5,7-dichloro-8-hydroxyquinoline ; HNOyq : 8-hydroxy-5-nitroquinoline ;
H(C-H;)sq : 8-(p-toluenesulfonamido) quinoline ; H(CHs;)sq : 8-(methanesulfonamido) quino-
line ; H(CFs)sq : 8-(trifluoromethanesulfonamido) quinoline
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Fig. 3 Plots of the extracted ratios (% E) for some
divalent metal cations as a function of the aqueous
phase pH in Htta system4g)

Initial Htta concentration in extraction phase: 1 X
10"% mol dm~?; Extraction phase : (a) [bmim][PFg],
(b) chloroform ; Sample : O Mn**, & Co**, A Ni*7,
Wcd’’, @z’ []cd’, @ Pb*’
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Fig. 4 Plots of the logarithmic distribution ratios (log D) for some divalent metal cations as
a function of the aqueous phase pH (a) and those of the logarithmic initial concentration of
Htta {log C(Htta) )} (b) in Htta—[bmim] [PFs] system™”

Sample : A Ni**, @ Zn®" ; Initial Hta concentration in extraction phase on (a): 1 X 1072

mol dm~*; Aqueous phase pH on (b): 4.3 for Ni*" and 4.9 for Zn®" ; Slope of line : 2 for
solid line and 3 for broken line (The lines were drawn using least squares fitting).
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Table 1 Determined log K., and log K., values for divalent metal cations in Htta—ionic liquid systems 25C)
Extraction phase
Cation 5
[bmim][PFs]*  [pmim][PFs]  [hmim][PF]*® [omim][PFs]*’ [bmim][TEN]™ [hmim][TENT [omim] [THN]

log K.
Ni** -3.95+0.11 —-4.17+0.04 —4.835%0.06 -4.37+0.09 ca —5.0~—45"
cu®* —-0.62%0.07 ~1.06+0.20 -1.31£0.10 —1.44%0.01 —-1.32£0.03 ~1.32£0.04 —1.19%0.03
PL*" -6.77%0.11 -6.44+0.10 —4.24%0.15 -6.37%0.12 — — —
log K./’
Mn®* -9.14*0.08 —8.56 £0.04 —7.92+0.05 -7.20£0.27 —8.94%0.10 —8.51+0.04 -7.95%0.05
Co** -6.95%0.11 -6.14%0.06 —6.00+0.05 -5.62+0.22 —7.06£0.06 - 6.71+0.05 - 5.87+0.07
Ni** ca. — 6" —5.54%0.14 —4.93+0.09
Zn** —8.19%0.10 —-7.39£0.02 —7.14%+0.11 -6.83£0.05 —8.07+0.04 ~7.56£0.03 —-7.03%0.08
cd®™  —10.50+0.08 —-9.72+0.08 ~9.10£0.06 ~8.86%0.16 —10.29%+0.06 -9.68+0.07 -9.36£0.10
a) Estimated value™ ; b) Not examined
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Table 2 Determined log K., and log K,,' values for divalent metal cations
in B-diketone—[bmim] [PF;] systems (25T )
Extractant
Cation E—
Htta™ Hbfa®" Hnta®" Htaa®"
log K«
Co** ~4.54%0.05 N. 1%
Ni®? —3.95%0.11 -430%0.14 ~-5.26%0.05 N.D.”
cu®” —-0.62+0.07 -0.66%0.11 ~0.64%0.11 -1.81%0.15
Pb2* -6.77%0.11 -6.63£0.10 ~6.31%0.05 N.L
log K.'
Mn?" -9.14£0.08 —-9.07+0.06 ~9.01%0.10 N.1
Co** -6.95+0.11 —-7.01+0.24 N.L
Zn®* -8.19%0.10 ~7.99%+0.10 ~7.92+0.05 N. 1
cd** -1050+0.08 —10.50£0.06  —10.25+0.05 N.L
a) Not identified because of its low extractability ; b) Not determined because of its
low recovery
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Fig. 5 Plots of the % E values for some divalent metal

cations as a function of the aqueous phase pH in Hq
system””

Initial Hq concentration in extraction phase : 1 X 107°
mol dm ?; Extraction phase : (a) [bmim][PF¢], (b)
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TALHPDEERELTWS LW AR S iz,

6 S FuFIF /) yFEEKLHMBAICHNS?2
MEBEBA 4 D4+ AT L — MHR?

IRHRRBE -1 2 EF L — MAEFITHS Hq &, B
BAEICIVEBEEESED L SHOFEMRE 2 HWT,
il A 4> (M®*, M=Ni, Cu, Zn, Cd) ® [bmim][PF;]
HANOMMEE) % FX72. HqiBE% 1% 10 ° mol dm°
ELZLEDEERA T Y OMMERE, suosiag
Hwgae eIl Fg 5IRT. &8, CTitonT
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X, BEOERBBHEOEE LR Mo RIzBIT5
BILPHER SN, /oM IS EOLA TR Sk
Mo, HqRDHED Hta ZTOBFEAD L HIC, raak
VAN I N h o 72 Zn® % Cd* AF [bmim] [PF,]
M SR, T4 NS oMK L 22,
log D % K4 ® pH R U Hq D EIBEON KoM E T
270y b ERRAAR. G, ZntT I OWTORRE LR &
LT Fig. 61I7”37. Hua ROPFBHLIERL Y, HQRTIE
FTRCOEBAF VIOV THEH 2 OEBRPE LR,
Thbb, HMBEIERNIIHEDOM(Q), THAS. Zn*”
R CdTORE, BEOARBEEHV MR TIIER
B Hq &0 F THOMMEEER M(q)o(Hq)e & L THIHHE 1L

1.0
Q
o 00+t -
o
05F -
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Fig. 6 Plots of the log D values for some divalent
metal cations as a function of the aqueous phase pH
(a,b) and those of the logarithmic initial concentration
of Hq (log C(HQ) () (c,d) in Hq—[bmim][PFs] system
Sample : WM Cu®*’, @ Zn*" ; Initial Hq concentration
in extraction phase on (a) and (b): 1 X 102 mol
dm™* ; Aqueous phase pH on (c) and (d): 3.5 for Cu®”
(¢) and 6.5 for Zn*" (d); Slope of line : 2 (The lines
were drawn using least squares fitting).

Pl A F AR L — MIRICBIT 2 8B A 4 v ol ED) 955

52 EHHMEN TV %%, [bmim][PFs] & CTlIBE A S
Al KFD) 54K M(q)o(H,0), KEZEICHIB E NS Z &8
ANz KB, HWHAEIC 1 X 1077 mol dm™® D topo #
RESETHHZITo22 25, Hta ZHWAREE LR
HOMHFE TR S,

[bmim] [PF,] % fiHAEH L LC, Hq RUZOFEMA
TO2fliEEA 4 v OMMEE % L7, EBRLZTX
TORTHBEPHERTH 2. K(6) 2HTH
b7z log Ky D% Table 32773, SEIH:72 Hq #
BAROBEME R X Hq < HClq < HClyq < HNOyq DNEIZ 7% -
Thh, fbHOmBEEEIRERT 20K DL
bz, L2LZO—KT, BEEOCEITHMBMEICKE
RIZE VW EPRBE R

7 8ANKYTINF/Y vFEAEHBANIHNS
QBB AERA F v DA F ViR F L — FMlihR>

FRORRERT X, 14 CBAFL— FRIBRICBYT
LZHHFLEES L AL OB ERET 5720, 82
NWERYTIFF ) VFEME (HRsq) OFAEZRE L7
ANEKFYT I F# ((NH-SO-) 137 =/ — V% -OH %
REOEMEZAET LYY LaMONTEY, HRsqld
Hq EHESRICEB L% L — MlF L 2 5. LD,
N FF— BT 5 AN A VEOERDRICL Y, B
MABHSEAETH > TOREICHERBRICHBTE 27,
VIIBBEREL TV,

SHEOFERZHVT, 2li&BI+ Y M7 ;M=
Co, Cu, Zn, Cd) @ [bmim][PFs] Hi~D %8 % A
N7 HHAEEFZ1X10 P moldm P e LA EDESE
BAF oMl E Fig. 7R, &8, NETIZow
Tid, HRsqRIZBIT A MMTEHCERHZ2ET 27720
Bt B L7z, 72 M RS EOLAETITHE s
Nidoi.

il HH ) > B BE 0 1T H(CHs)sq < H(CFs)sq @ B 4%
BHHH, M) INVFORAFNERIAFNVREIINEE
{, ANFINVERICHEZ RIZL THEEROBRIIIAEE
ZlERIYT. EE SBAL oMoV T
H(CH;)sq > H(CFs)sq DBfR & 2o 72, LA L, BIKRE
WZ R, CATIZ oW TIRIBREICKRE BB R O N

Table 3 Determined log K, values for divalent metal cations in Hq
derivative— [bmim] [PF¢] systems (25C)
Extractant
Cation
Hq HClq HClyq HNOyq

Ni** —3.84*+0.16 —3.22+0.21 —1.79+£0.25 —-0.75%0.18
cu?” —0.23+£0.04 1.06 £0.09 3.06£0.03 >4
Zn*" —6.77%0.11 -6.09+0.19 -3.27%0.06 -1.45+0.10
ca** —9.15%0.10 —8.16+0.03 —4.90%*0.13 —-3.27+0.10
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Fig. 7 Plots of the % E values for some divalent metal
cations as a function of the aqueous phase pH in 8-sul-
fonamidoquinoline derivative—{bmim] [PFs] systems55)

Initial extractant concentration in extraction phase :
1 X107 mol dm ?; Extractant : (a) H(C;H,)sq ; (b)
H(CHs)sq ; (c) H(CFs)sq ; Sample : < Co®*, ll Cu*7,
@ zn*", []Cd*”

ol FIT, MBEOREZRALELEIS, 22T
 RTOBAETHEE L FE SN/, H(CF)sq RICBIT
% Cd*" DHRNT =% 8 Cd[(CFy)sqls” TH D T & AR
ghiz. K(6), (7)) zHTHLN log K, R log
K., Offi% Table 42RY. C&TIIME LA LE A +
YEIDIHAANKEL, T4 oM 3EAEEET
5L EDOVARBRESHNIINE LS 2S00, P TLE
OAFNVEDFRIZI BT =F VHEOLEIHIEREZRL
bnkEZONS.

SRA A VBB EE L CoORBATERESRET S hTw
AhAF VWKL, W FFUBAIFTVIUTLEEEARL,
POTEA 7 v HKEFEETAHDDIIIZBEENT
WEEW)DHPHIRTH L (72721, 7vFE2EThwA
F VWA OF B R R T 2 WA DA S L®Y),
DX AT VBT, AFFDLIFT) AR
FOKRERETFLT =F YEEO 7 v RET L OMICKES
BEVERERTVLEIERMOATWE™™, Lo
T, MEORE 2 bR L L OB s, 44>
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Table 4 Determined log K., and log K.,' values for
divalent metal cations in 8-sulfonamidoquin-
oline derivative—[bmim][PF;] systems (25C)
Extractant
Cation - - -
H(C;H7)sq™” H(CHs)sq™ H(CFs)sq™
log K.,
Co®** -754+0.18 —-5.00=0.23 —7.56+0.22
Cu®” 0.83+0.14 0.18+0.13 -0.40£0.28
Zn** —4.35+£0.12 —4.63+0.04 —6.19+0.09
cd®*  -6.84%0.08 —-7.74+0.19
log K.,/
cd*’ —10.03+0.28

R BB IV IR F VHRAF A V) I
WHTABUBANEZERSEONLIDTRE VA LHFET
&%, WBHPICT v ERTEEL I LT =4 LT
DM ML ITEZ WY, ARIERT 2 —20
FEThrZ iz tnELONS.

8 95 A NIYTINFUT LI E 182 T V6
EERHTBET VY A4 ROA F v ildktEH F
F oA R

sfiz > /74 F (Ln®*") 44 y#fAkFL— MliHR
W2oWwTid, B (~01moldm > ®Huall k3
[bmim][T:N] ~ O i 123 5 Jensen S D HE 235
D, UFEMHTTIET7T =4 Y Ln(a), £ LTHB SN
HBIEBHOLNTVE. TOLIRRLEIFSTr—F
D& WA XBBEEAT LR ERMT2IFESEE
L2k, EROFL-MHBREBREBET VS /A F
BOMESHREZERLLIEVITVET IO TS,
Blitkx 2BET 2 fToTBY, HETOFREBEEZE T
5.

1 X 10~* mol dm ~® Htta T [bmim] [TEN] A~ Ln®**
(Ln = La, Eu, Lu) ZHHl L-BEoMBii#% Fig. 8 (a)
12, 1%X10*moldm *Htta & 1 X 10 *mol dm * 182 5
7 v 6(18C6) L & IF XL EOMBMMRE Fig. 8 (b)
R, MHLETH D ES REHLTH S Lu® 7% 18C6
DEBLZIILEALZF TRV L, BHFLo L’
13 18C6IC & D BE LR KE R L. ZOHRI,
BB AR R VoA o IR R BBl T
Wb, BEOFMLBITISHROBETH L2, La’ i

La’" + 2Htta,, + 18C6 ., + bmim ",
— La(tta),(18C6) ", + 2H" +bmim "

(8)

a0
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Fig. 8 Plots of the % E values for trivalent lanthanoid

cations as a function of the aqueous phase pH in Htta—

[bmim][Tf;N] (a) and Htta-18C6-[bmim][Tf,N] sys-
54)

tems

Initial Htta and 18C6 {for (b)} concentration in extrac-
tion phase : 1 X 10™* mol dm " *; Sample : O La*", [
Eu3+, &L

La*" +Htta,, + 18C6 ., + 2bmim ",
= La(tta) (18C6)* ", + H" + 2bmim* (9)

DV THE A F A4 BB I T EERZ LN 5.
SR EACFEEZ M TE 2051 F Y #ik+ L — MR
DEHTHY, TOL=—7 RIZLTOVERELILTS—
DOBIL B THSD.

9 # =l

DB, A4 ks L— MHRICET 2EE S OB
OBEEZ PN L7225, A4+ MR EHERRE LTl E
KHDOEGHZ L, BRLTO2RITNELR S 2 VEREIR
WL CTWS, F/2, A4 VBEIZHEE LT I3k
RELTHLR)EMTSH Y, BEMBFEICEEE L ol
¥hdd., LrL, 14 BESTEROABEBERIC LV
HEELTWLILIIHLNITHY, Z0LS Lk
FTWw e T, WEOBESMOERN—HKT OHTN
TWIEDTRE RPN EELTVAD,

FROBEILYY, —EOMEOEBICH 727207 &iR
KB FRAE T R B AR 2 R D B A LR
EoJIBAC, MOXEE, WKH 4 SHRE BHRSEZE K8
ik, WIIME REEA, FEZERICESHTS. £4, #
FIBFFE#E C & B R E R BE B IRFH AT LR B R S O
AREdRCH L, O ORBRETE. T ABIEOFETO SRR

FUL A HAEF U — MHBRICBT 588 A 4 v oiEs 957
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Extraction Behavior of Metal Cations in Ionic Liquid Chelate Extraction System
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An “ionic liquid chelate extraction system”, which is a novel liquid-liquid extraction method
for the extractive separation of metal cations into the ionic liquid extraction phase with a chelate
extractant, was investigated mainly from the point of difference from a normal chelate extraction
system using a volatile organic solvent as the extraction phase. In this system, the extracted met-
als are easily recoverd by using back-extraction into an acidic solution. In the extraction of diva-
lent metal cations (M2+) with 2-thenoyltrifluoroacetone (Htta) (or other f-diketone having tri-
fluoromethyl group), some metals were extracted into the 1-butyl-3-methylimidazolium
hexafluorophosphate ([bmim][PF;]) extraction phase as coordination-unsaturated (hydrated)
neutral complexes (M(tta),(Hy0),), whereas others were extracted as coordination-saturated
anionic complexes (M(tta)s ) with anion-exchange reactions. The extractability of the former
species was reduced by using a more hydrophilic ionic liquid as the extraction phase, whereas
that of the latter was enhanced. On the contrary, the use of 8-hydroxyquinoline (Hq) (or its
derivative) as the extractant resulted in the extraction of M?" into [bmim][PFg] as neutral
M(q):(H2O),. Furthermore, a comparison of the extraction behavior of M*" with 8-(trifluoro-
methanesulfonamido)quinoline (H(CF;)sq) having a trifluoromethyl group with that with
8-(methanesulfonamido)quinoline (H(CHjs)sq) suggested that the existence of a trifluoromethyl
group in an chelate extractant contributes to an enhancement of the extractability for an anionic
complex into the ionic liquid extraction phase. In addition, a fundamental study was per-
formed on an ionic liquid synergistic cation-exchange extraction system with co-using Htta and
18-crown-6 (18C6) as extractants for the selective extraction of trivalent light lanthanoids, such
as lanthanum (La). In this system, La®" was extracted into 1-butyl-3-methylimidazolium bis (tri-
fluoromethanesulfonyl)imide as cationic ternary complexes, such as La(tta),(18C6) " and
La(tta) (18C6)*".

Keywords : ionic liquid chelate extraction system ; ionic liquid ; hydrated neutral complex ;
anionic complex.
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