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Approach to ion separation using polydentate ligands having
aromatic-ring pendant arms
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The analytical use of polydentate ligands having plural “aromatic-ring pendant arms,”
such as 2-pyridylmethyl, 1-pyrazolylmethyl and 2-hydroxyphenylmethyl groups, for not
only the separation of cations, but also that of anions, was investigated fundamentally.
These ligands generally have a specific nature at many points, such as hydrophobicity,
electric effects, structural rigidity and sterical selectivity, originating from the aromatic-
ring pendant arms; also, upon the mutual separation of many kinds of metal cations by
solvent extraction they can act as extraction reagents having specific reaction selectivity.
As one example, the extraction selectivity of divalent transition metal cations using N,N'-
bis (2-hydroxyphenylmethyl)-N,N'-bis (2-pyridylmethyl)-1,2-ethanediamine (Hybbpen) did
not agree with the Irving-Williams series of stability; it was suggested that ion-size recogni-
tion based on the cavity size of the ligand acted in this extraction system. Upon the
extraction of trivalent lanthanoids, as another example, N,N'-bis(5-nitrosalicylidene)-1,2-
cthanediamine (H:Nsalen) showed high performance for their mutual separation, origi-
nating from the structural ligidity of the ligand. Furthermore, an immobilized charged
complex between bis(2-pyridylmethyl)amino group (bpa-group) and a metal cation was
useful as an anion-exchange group in ion chromatography, having specific anion selectivi-
ty originating from its additional ligand-exchange ability.

Keywords : polydentate ligands having aromatic-ring pendant arms; structural rigidity
and steric selectivity; solvent extraction; ion chromatography; anion-exchange
group having ligand-exchange ability.
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NTHEY, XEBOFORERLIOLAID, I X
5 BARBOEACIHKILS 5 b DDE .

LR T 2 HCTEBA 4 v 5% Ha, %
FREORINEF L — FROY A X0 FF—E R o
M O M A R) PEELRRTER>TWEY, X,
75 =T VR A v 7 AT L= YA
EORBIRIEEY 2 v, BEREE L o A4 XA X
STAF Y EGHTHRALEHT DTS,

EIAHT, HHEONRE R DLERA T ¥ OBALEIE—
B 6 HDHVIEENLETH B, SHECHRD B
Ao Te 2 8ENGREIE ERIEORM T Th 5.
RIEHRELZ EOMBEEH 55, $EA 4208 0E
TP REN & RN AR ICEE T 5 720121F, &
0 B —F-FEOE RN T & I3 - AL Cn
STEDPERERELLTHA).

SRICFOFE T, 2T VN AFNIER K5 Y
YV AF VI, 24 IF YV AFVE, 2w Fufy
T IV AT VR E, FEREMEG L Ry b
7 — 4 (pendant arm)” & HEE T 5 % KB T8,
RN BUR DOE F VARG 2 LIRS s hvtw
b. ZDX)BEAMFIE, FERSY Y NT — 08
B R AR O @I K b, MY e W
(rigidity) REBE A A4 K3 2 B BRI O AR 1 4
T IRBMBEDCERTE S, U, YV VRPE TV —
VIRD L) BEERBHBR eV 7V T — L DK
i SELLEENFOBAIZE, BNEAFS TV S
—FHTFELEETHI L0, —HIJT ST
WhHIF LTV T I VINEER (EDTA) ZEDH VKRS
7 — AL RS T £ 1%, $SERICB 2T %40
BRI XN RO BN 2 L O TR E 285D 5
FTHI LIRS,

FEHEOE, FEERVY VM7 = 2R T 08> 2
OMIE YR VAR AR, HIERY 7 v b7 — 2k
R B EN T R OEAROBUKMEICER L, Zha %
DA F W ICHAS 5 2 & &3l L7098 % dk e T
Wa. BRI, e ofeER BN L 2,
L DEBEDOENEE A 4 VORI O 720 0 £ 5
BME 21T TBY, ARV &2 b7 — ATIEL TR
DEREEDE S % BRI L, Wb b EA A
RGBS N (GBI ITEERVESHE o7 7227
—ELTORNEFEHLT, B4+ rofLvwrsu< b
7T T HREOREE LRAT VWA, R TIlE, oh
F COMBEDREDOMEIZ DWW THMNT 5.
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2 FHHEBRNRUY VM7 —LABEMTEHCSE
B4+ v DN H

ZDETHNAT AR ¥ b7 — A RE
T OREEAE Fig. 11TRT.

21 MEER 6 BELLF tpen, tpzen BV Z DFEEHE
tpen 3Z K DO TMIEREIEA 4 & 1: 1 08 EKE T
BT % Z LA NTWBYA, Z OS5 LEENFI I,
MR Vv 2 WA & Y DR R DOBRD Y A F
FEP Sl E 5T wA. X, Driessen 2 X o TH
K & NV BALTF tpren MUY Mestpzen 1, tpen & D b
FEZIRAEAMER VW EE 2 BN TEBY, F OO LEF A
I cadIMFshTuin,

2:1°1 ZMEBEEA A4 OHERE" FHD
&, TSR TE MERA 4y M) oLt
SHHHO - DI REE LTHWLZ LD, X
Y F Y b T ARG OB AR L 7 BIRE 0 R B A
Wrrca s L%z, MEERREAAETTCO=Z Pux ¥
IYANOBER E G L, B0 X9, chb ok
PR TM &1 18R E TR LS B2 &
5, BT L' EdhE, M OHEEIE
MO+ L, 2C10,” = ML 2010, 7, (1)
(BT o XARBEART) OLHthsePHsh
5.

tpzen o UF Megtpzen (& & 5 M*™ O Hi i #4241 &
Fig. 2 II7R7. tpzen L Mestpzen ORI CHRIRMEIZER
BRERPROLNLZ DS, RV Y FT—LOFER
PEANOF G HHEE S 7z,
2535 L' oaTHE NS 720147 - 72 &8
A VR (D) WAL FHIREE [C(L)] @ loglog
Ty b AT —TEFOERD B % Fig. 312K T.
BLRE VL Z &40, b EIc B2 M°" L L' L oM
BIbiE, 1:1 TR 1:2~3TdHDEWV)HEIE
Lz, T, BEUREAS LW T SV XA FIVEE
RYFVINT—=hbLT 5 then WA LRALTH
Lo 2wz g, Lo srL Yy s ST ERAM
P LTHBEL, XU &Y b7 — D IGBR LRI R X
5 ST & B VERR R EEEI A o Tl IR I
HHELTCwELDEEZLND.

il EE DO RNIL, BB tpen > Mestpzen = tpzen
>tben DJETH Y, THIFRY ¥V b7 — L OBk
DR/ (tben > tpen > Mestpzen > tpzen) &1 —H L
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n XY
2 H H Hybbpen
2 Br H HoBrbbpen
2 Cl H HyClbbpen
NN CH 2
2)” 2 Cl Cl HydClobpen
3 H H Hybbppn
4 H H Hsbbpbn
X=N: tipen
X = CH: tben

[( R
}LR OaN -(CHp)p- HpoNsalen
-(CHy)3- HoNsalpn
( —/ W [ ]
R N R N\R /N HoNsaloph
AR s
R R

R=H: tpzen
R = CHj3: Megtpzen

Fig. 1 Structure of the ligands used in Chapter 2

tpen: N,N,N',N'-tetrakis(2-pyridylmethyl)-1,2-ethanediamine; tben: N,N,N',N'-tetrakis
(phenylmethyl)-1,2-ethanediamine; tpzen: N,N,N',N'-tetrakis(l-pyrazolylmethyl)-1,2-
ethanediamine ; Mestpzen: N,N,N',N'-tetrakis(3,5-dimethylpyrazolylmethyl)-1,2-ethane-
diamine; Hebbpen: N,N'-bis(2-hydroxyphenylmethyl)-N,N'-bis (2-pyridylmethyl)-1,2-
ethanediamine; HoBrbbpen: N,N'-bis(5-bromo-2-hydroxyphenylmethyl)-N,N'-bis(2-
pyridylmethyl)-1,2-ethanediamine; HoClbbpen: N,N'-bis(5-chloro-2-hydroxyphenyl-
methyl)-N,N'-bis(2-pyridylmethyl)-1,2-ethanediamine; H.dClbbpen: N,N'-bis(3,5-
dichloro-2-hydroxyphenylmethyl)-N,N'-bis (2-pyridylmethyl)-1,2-ethanediamine;
Hebbppn: N,N'-bis(2-hydroxyphenylmethyl)-N,N'-bis (2-pyridylmethyl)-1,3-propanedi-
amine; Hsbbpen: N,N'-bis(2-hydroxyphenylmethyl)-N,N'-bis(2-pyridylmethyl)-1,4-
butanediamine; HoNsalen: N,N'-bis(5-nitrosalicylidene)-1,2-ethanediamine; HoNsalpn:
N,N'-bis (5-nitrosalicylidene)-1,3-propanediamine ; HyNsaloph: N,N'-bis(5- nltrosallcyh—
dene)-o-phenylenediamine

v, Zolerb, (1) OXHIT1:18KkEL WHEL, BohoMmiE % Table 11289, AR

THIE S A 4 w3 Eic L' s 2 X D BEEDK EWVIZT O Mestpzen A8 Cu®" % Zn*" &
1: 385 E LTHII LTV A & W) iERIZRB FRkEE
ML'**-2C10,", + (n— DL, = ML, 2C10,7, , GHESRIMAAPLETHA .
(2) 2:1°2 KBEHPFTOM () BB EOTKY

2:1+1 OWFEEOBIET, KFHEHTIND OB D
DL ITHMICEES 2 2 ko THERMATOR (D 414> & 1: 1 DAOEBEEERL ) 2 2 LA7RE

EABESNE L)l T AR S 5. Shdz. BOBBENES X 2 REM 2= AT ofER, EALW
R E L TOME G A& ¥ DLEIE T T tpen &
M+ L, + 2C10,7 = ML, -2C10, 7, (3) 2Cu*" + tpen + 2C1° = CuCly(tpen)*” (5)

Ko = [ML,"+2C104 1o/ [M*T1[LY,"[ClOs 7 1* (4)
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Fig. 2 Plots of the extraction ratios (%15) of some N
metal (IT) ions into nitrobenzene as a function of the o 0.0 F
aqueous phase pH in tpzen-NaClO, (a) and 2
Mestpzen-NaClO, (b) systems , -0.5 |
Initial concentrations were 1 X 10" ° mol dm  * for
tpzen or Mestpzen in nitrobenzene and 0.1 mol -1.0
dm™? for NaClO, in the aqueous phase. Tempera-
ture was 25C. O: Mn*"; O: Co™"; @: Ni*'; B A5 . ,
N2t Ny -2 . 24, . 2+ )
Cu™; LI Zn™"; &: G475 @: Pb 35 3.0 -25 35 -3.0 25
log C(L) log C(L)
Bos = [CugClg(tpen)%]/{Cuw]Q[tpen][Cl»]g Fig. 3 Pi(zts of logaritgmic distribution ratio (log
R (6) D) for Mn™" (a) and Cu™ (b ~d) with tpen-NaClO4
(a), tpzen-NaClO, (b), Megtpzen-NaClOy (c) and
then-NaClO4 (d) systems as a function of the loga-
DI & 0 el 2258 7 CLAVER A8k k 2 B % 3 rithmic initial concentration of ligand [log C,(L")]
T NG o7z X, tpren IZDOWT HLRNLET m n.ltmbenzene pbase
123 2 BFRED RO TSR AR S L7 Lo ht L, Imual‘ conccntr_agtlon of NaClO, in aqueous. phase
] o o was 0.1 moldm ~. The aqueous phase pH was 3.4
Rdeﬂpyen~6ci1fﬁﬁﬁﬁ%;037*&b"’fiﬁﬁﬁk%%ﬁZh%l,é:b>: (a), 6.6 (b), 4.1 (c) and 8.8 (d). Temperature was
& DD BNz, EREAY F 2 b7 — AR T 25°C.  The solid line, of which the slope is 3 (a, c)
SRR DI if‘ CHIBNTV AR, FDIEE A or 2 (b, d), was obtained by least squares fitting.

i%%@&$fa&éﬂf&b KRBT O ESE
ERMETRDOENPNEIB L., HHFERRV SV N7 —
LIEALF % AL AR T 2 545121, S0k W rigid BRENTTH A, ZOMMTFIEAY 7 4 T
LR DI 2 BT B & 9 i BRI (A VB 62pm') 4 Y7 A1) (80 pm'™)
BTH 5. LIEWITHBLERERRT 2P MonTEY,
4RO TV N T =L ;obehé~%i$%#
2:2 7z /— VM 6 BEECHLF Hobbpen ROV Z 60~80 pm O A 4 ¥ &4 4 MIT#AT % L
DFBHF TW5,
Hybbpen 1& Neves 512 & o THRANI A & 2"k
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Table 1 Determined compositions of extracted species and their extraction constants in L'-NaClO;-nitroben-
zene system [25C, 1 = 0.1 (NaClO4)]”

Ligand (L") M* Extracted species log Kex
tpzen Co™" CoL's* " 2C104 15.06 * 0.04
Nit* Nil's*"-2C10,~ 20.59 =+ 0.05
cu®* Culy* "+ 2C10,4~ 18.45 = 0.09
Zn*" Znl'y? " 2C10,” 10.41 + 0.07
cd*” CdLY* "+ 2010, 15.5% + 0.04
Mestpzen Co™" CoL5*"2C10,~ 16.79 = 0.08
Ni** NiL's*"- 2010, 17.29 + 0.06
cu?” CuLl's®"+2C10,~ 33.83 = (.12
Zn®" ZnL's*" "+ 2C10,~ 19.94 % 0.06
cd** cdLs? - 2010,4” 19.58 =+ 0.08
tpen Mn** MnL's*"+2C10,~ 27.47 £ 0.10
then cu®’ Cul,*" 20104~ 7.98 + 0.08
2:2:1 ZHEBEESA A OMEEHY 100 (68—

Hsbbpen KU Z O A% HL" &35 &, HL"IT&
5 AHEREREA L Y (M) OIS

M2+ HoL", = ML, + 2H" (7)
Koo s, = [ML",[H 1%/ [M* ] [HL"], (8)

EFHEENS. #T T, Hibbpen D4 A XFR#RE % &
flis a7, = Ay 0D (£ 4 Y EE83 pm'), =v
v (1) (69 pm'?), 1 (ID (78 pm'”), HigH (1D (74
pm'Y) D27 T a RV ANOH AT & RE L.

HFEE LCHEES MY YA 50 IBIEHRRES Y
A EM A 72BED, Hebbpen 12 & 2 MY Ol RO
B % Fig. 4 1R S, WM CToORMEE) X 240
EHRR O, Loy dHitiisid il L — Mo b
DEFKRE L B o Tniz, f BT OME, —Bo
EEA F DoV TIE, FL— MIHDENC

M2+ HLLY + X = MHLY X, + H (9) Fig. 4 Pl‘ots (?f % E of some divalent .transition
metal (II) ions into chloroform as a function of the

— M+~ +
Kex,sanx = [MHL™ X Jo[H ] aqueous phase pH in Hsbbpen-NaNO; (a) and

/M [HL"6[X ] (10) Hybbpen-NaClOq (b) system
Initial concentrations were 1 X 107° mol dm™ for
(X" =NOy” LI ClO,) TEEND LD BBOAF > Hebbpen in chloroform and 0.1 mol dm™?® for

. . NaNOs; or NaClOy in the aqueous phase. Tempera-
ﬂ?fﬂtﬂ?ﬁ‘ffﬁ}ﬁ L‘(ﬁh, %C:%ﬁ:@:iofﬂi, 7,‘(#%[[]'6‘ ture was 25°C O: Mn2+; .: Ni2+; .: Cu%; D

DR BEEA DI, Zn**
M2+ HoLY, = MHL" + H" (1D
Bven, = [IMHL" J[H"1/[M* ] [HoL"], (12) WRYF Y N T —ADFIED DRI E L EoTWVD

(7 T v b A=K H O Hibbpen ARAREKI 107°1) =
LERTERVI AT D ok, TREHLOBKYE LI XoTELLHARTH L LHEESND.
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Table 2 Determined equilibrium constants in Hsl."“NaX-chloroform extraction system [25C, I = 0.1 (NaX)]

log Kex, mirx

M 10g Koo 1. N - - - 10g ﬁ'm—u‘
X~ = NO; X" = ClO;,
HoL" = Hybbpen'”
Mn?” -11.77* N.D. N.D. N.D.
Ni** —6.74" —0.42 1.42 —0.58"
ut -10.01" —1.34 0.29 —92.39"
Zn*" -8.97 -1.17 0.33 N.D.
HL" = HzBrbbpenlg)
Mn®" —11.41" N.D. N.D. N.D.
Nit* -9.34" -0.50 1.32 0.7%"
cu’’ - 8.37" —-0.06 0.90 - 0.96°
Zm2+ -7.51° —0.64 0.69 —1.53"
H.L" = HyClbbpen'”
Mn?” —10.65" N.D. N.D. N.D.
Ni*™" ~4.07" 1.82 2.94 0.76"
cu?’ —6.55" 0.26 1.63 —1.44"
Zn*" -6.26 -0.51 0.42 N.D.
H,L" = HydClbbpen'”
Mn*" -10.91* N.D. N.D. N.D.
Ni** -7.18° 0.14 0.47 -0.28"
Cu®”’ -10.75° -1.15 —0.64 -2.71*
Zn*’ -10.21" -0.97 =090 - 178
HZL“ = Hsbbppn
Mn®* -11.79" N.D. N.S. N.D.
Ni?" —-6.60° 0.78 N.S. —0.46"
' - 6.49" 0.20 N.S. -0.62"
Zn®" —7.47 -1.15 N.S. N.D.
H,L" = Hybbpbn
Mn®" N.D. N.D. N.S. N.D.
NiZ* N.D. —0.81 N.S. -92.39"
cu®t N.D. -1.06 N.S. —1.78"
Zn®" N.D. —92.74 N.S. -3.64"

a. Mean value (X" =NO; and C1O; ). b.X =NO; . N.D.: notdetermined; N.S.: not studied.

Hebbpen & € @ =2 O E 4K, J U Hybbppn, S>TWw3E&#E2z b5, B, Hbbppn Tl Irving-
Hybbpbn {2 7‘61‘% P2 Ol % Table 2127779, Williams BN HE - 7288 RME AL & 41, Hebbpbn Tl ¥
Hobbpen AT Koy D% IR 5 & Mn® <Ni*™> L — M EAERPIARTETH - 2. W0 LT
Cu” <z Lo TWAER, Zhik Irvin%‘“WiHiams HI Hebbpen IC& 27 VA ) HEERA A o 1o
WX BREEDFY] (Mn™ <N <Cu*" >7Zn"") & BIWVLANDF L — MR 2R 2 AH, T4
W2 -THEY, LA, A4 PEORAD (Mo > T A 0D (£ F 2 2B 72 pm’") G HIEPE 410 T Tl
Ni¥'<Cu''=7Zn®") ITHIELTw A, X, #HIEoE IS (log Koo = —18.94 £ 0.08) 4%, 7V 7 A(ID)
A XY, A XBEPWEICE wﬂm bhiz. I (100 pm'’, log Kx = =203 0.2) A T YF T L
£ A, HHAEAERE ML T L AUNEELAL (D (118 pm'Y, log Ku = —21.9 % 0.2) OFlHIEIIM L,
ELTHIEL, RREL7Z2X ) GRMFoz2Ly A4 X2 AU YA 30D (185 pm'") 4L H{eﬂ ENMhhrol. &
DLAF A ZERD L ENT VD EEZLIETH  OfRED, BILETVORLYELIRTILDEHR
WIDSTRE & 20 B SEHE, Koo o OMEIKIEHP O IR 5.

A F v OMBEIZIEEAEERSRT (NaNO, f & 2:2:9 ZEHT /A RKAF 2 DHHEEENY =4l
NaClO, 5% & D log Kew, wi. TED #:1% 0.2 ﬂa‘ﬁ’r&%a““) Sy 444y (n®) oREWRM KL, 14
G4+ 13 L™ o6 Mo N — - Tl AL iR VEBEORENWTG Uy i EOBE TR, NE RV
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Table 3 Determined half-extraction pH (pH, )
and extraction constants for lanthanoids
(ITI) in Hebbpen-Hdbm-chloroform sys-
tem [25°C, I = 0.1 (KRCDH1'?

Ln®" pH, 2" log K

La*" 7.85 -19.88 = 0.15
Nd** 7.20 —17.8% = 0.98
Eu** 6.84 -16.93 = 0.18
Ho'" 6.64 —16.48 = 0.13
L 6.59 -16.36 = 0.11

a) Initial concentrations were 2 X 10"* mol dm ™~ for
Hybbpen and Hdbm in chloroform.

FFUAGEDEFKHL TS TH D, £ LTI,
B EE DR & WER TIE EEIE B PE 275 v,
% 2T, Hsbbpen & —li AT CTH2 13-V 7 = =
NA3-TaNyIF Y (VRYVAL VAT Y, Hdbm)
EDOETEMADIL T Dk vV ANDHIH 2179 2 &I
Iy, B s oEHIORREL EISEHD, ¥
J A FHIAB oSN E ST, 2 RE L. AT
— T OER, RAOLIBRBUBIZEY 1:1:1 D=
TEERARDHIH STV B Z DD S,

Ln"" + Hybbpen, + Hdbm,

= Ln(bbpen) (dbm), + 3H" (13)
K. = [Ln(bbpen) (dbm)],[H"]®
/[Ln*"1[Hsbbpen],[Hdbm], (14)

Kb B B pH (pHe) & I EEL % Table 8
RS, —fRICESHwWSRETF 74V by 7vta7
b (Hia) RNCBT L LIET S, WAL~
f 75 1T ld Habbpen-Hdbm SR D13 9 A%E 3R 2R
L7z, B, BALFOFGARC X 2 Hhne & O #IRPE
DIALIZ DWW CHIZERNCRE T dH 210,

2:2:3 JKBRPTORK M) 1 F > & DOHEHBRES"
MDA F v 72— VEEMNEIBE L TEMIZS
352 L TR LR SAON TS, 0%k
T BANZ R OOREE LI DY, F UL H AR IR
PR D TEV. F 2T, Fe'" O RUMEIERE & Rk
HIED 72D ORERE L LT, KEBERPTO R &
Hsbbpen & O IR SR DL % 1T - 72, Fe'" O A *
VP 645 pm'VTH Y, bbpen®” DZELY A X1
BTBHIEDD, BERBEROEEIIPHINE, BH
SERET S X B AT O H, pH 2~ 3 ORPE Tl F I
FARIE O B 101 DK, Febbpen” % & &t

Tl BHEBRAY TV b7 — WL RRN 2 WD 4 & Voo T Ta -5 39

BT L 72 (A = 560 nm, € = 4.3 X 10°, log i =
32.6 = 0.1). SHEADEWEEEIE, -O 25 F’ A
WREHSY) VY NORMIZE > TRESKS S &2
HRTHIOEMESND, R, 2.8 U xF ik
EWY RV NN-EA(2-8 FOF Y7 22V 25 ))
IF LYY T3V (Hebben) %MW THEBEOERET
9 &, FtOFHmIImD TEV. ROEIEO W M E R
FAF I Cu® R Co™ REICIXBEIC X - TA L
5 Co’") DATHY, WMIEIOBALOTHEICL DR
i)Y 2B R S5 2 & T Fe' " ORIR Y 8 R S B~
DEEFAFFTE 5.

2:3 v 7EEE M ER ST H.Nsalen RU 7
OREETFE

NN-CA(FYFYFy) =FL Y730 (H
salen) (&, YU FALT7IVFRFEZFL Y ITIVE
DI o THSND ¥y 7B B E LN FC
HbH., ZOFATORMTIE 4O FF—FHTHIFF
S ICERE SR TWa 22, DW=y r D'
ot LR R & UCiied 5208, BT
BRPEEAMR N2, B R BB A 4~ OfPIEE L
CHIBRELTWw 5,

2:31 ZE{\IE2/ARAF DA F 3 HhHE
B FEH LI, NS ORMTFOREOMEEN R
ligidity % 4 4 VMBS AR 5720, = o
el A L CHRYEE % % % 72 HoNsalen, HpNsalpn,
HeNsaloph Z &L, = baxXy¥r~oiifick s
ST sy 4 R4y (n®h) oOMESEENOEH

ZAT BT E LT 5 E, o' ORI E
BATH S, WK A 4 v MT OFFFET TOME P
£

Lo® + 2H, L™, + M° = M Lol ,+ 4H"  (15)
Koo = M- LnL" ], [H )
/ILn® J[HL™] M") (16)

PR NS, HIEEEHO A O — T OER, MK
() O XS IZEITL, TSI N2 A 4 RHEE

iz

M Lal™ T, = MY, + Ll a7
Kais = M 1[LnL" 1,/[M" - LnL"y 7], (18)

DG & o TR L T D &) Z LA HEHD
bz, $abb, ke UTRRITRS &5 Sy
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Table 4 Determined log K.Kus values for Janthanum (111), europium (IIT) and lutetium (III) in Hng-\/ICl—
nitrobenzene system [25C, 1 = 0.1 (MCD1?”

log KexKais

+

M
La’*" Eu®” Lu®?

HoL™ = H,Nsalen
Li* N.D. -19.53 = 0.19 —16.02 £ 0.19
Na' N.D. —18.79 £ 0.30 —15.57 +0.18
NH,; " N.D. -17.63 £ 0.18 —14.16 £ 0.22
K’ N.D. —16.49 £ 0.20 —13.58 £ (.12
Rb* N.D. ~16.18 = 0.30 —14.45 = 0.23
Cs" N.D. —14.89 = 0.19 -13.21 +£0.12
(CoH5)a " N.D. -18.85 = 0.05 ~12.90 = 0.17
H,L"' = H,Nsaloph '
Li' N.D. -16.58 £ 0.19 —18.52 + 0.27
Na" N.D. — 1557 £ 0.11 —12.67 = 0.09
NH," N.D. ~1571 £ 0.16 -12.95 £ 0.12
K N.D. —15.01 £0.12 -12.63 £ 0.14
Rb” N.D. ~14.49 * 0.27 -12.54 = 0.26
Cs’ ~17.78 = 0.34 -13%.19 £ 0.36 —11.86 = 0.23
(CoHs) s ~15.76 = 0.40 ~10.69 = 0.19 -10.04 = 0.34
H2LHI = HyNsalpn
(CoHs)s " N.D. —15.86 % 0.18 ~15.27 £ 0.99
N.D. : not determined because of low ectractability.

WrGFET AL RS, Table 5 Determined pH, /s and log KeKas values

for several lanthanoids(III) in HeNsalen-

- - o ar - KClnitrobenzene system [25C, T = 0.1
Lo+ 2H.L", +M" = M, +LaL", , +4H" (19)

(KCH T
KoK = [M Jo[LnL" 1o [H"]* _— T —
/[Ln3+] [HzLIII]QQ[M**] (20) n Py OF Kexliais
La™" N.E. N.D.
Na’* 7.48 ~19.01 = 0.30
oI - = ~ ~
B4 A ELEDO HL"-M" RiCBITL5 7 > ot 6.86 16,49 + 0.90
), zvovya i, viF a0 O log Gd*" 6.72 ~16.00 % 0.15
KoKas D% Table 4 IR T. &kE LT, M O % Dy"" 6.40 —14.81 +0.28
VA4 ZDKE T I BRIk B A5, S Ex” 0.18 T 14.02+0.19
- Lo S IR n B Ol 6.07 ~13.56 + 0.06
WRTI 2w EHE»EENz. L, HLYICWL T Lot 6.09 —13.58 + (.19
b 1 Ak - 7 N N« N2 R - -
bj;, AMHHAEC L H:Nsaloph >H2N53101’1>>I‘I_Nﬁdipl’l, = a) Initial concentrations were 1 X 10 *mol dm™®
IWETI HoNsalen > HeNsaloph T - 7z. HeNsalen in nitrobenzene and 1% 10”"' mol dm *
WiHigE, BIREOW 2R3 5 HoNsalen- K 2 KCl in aqueous phase. N.E.: not extracted; N.D.:
BRRINL, &8 Lo OMELSEEO TR oW T HE not determined.

L7z, f3oh7z=Rah pH & log KoKy, OfEi% Table 5

WRg. 3, SHETICHE S Cwn bRk« Zfil ik

RIOITR e p@PEO A, Fo’ AEEL LM ThHAH. HL, Lo’ iE 2 5T ORI O b AL
HEON T Fig. 5 R T25, 4HE L7z%&, Lo’ HT25ZEEWHLNTHE2E, BMIS + 2P EEH
ORI HEICE LT I E TTHRE L VoS %ﬁ L WOEMERMREHMEZAT) 2 L I1d@S CldZn.

T b, REFSEC BT B M AL aA R oo STARRE 8 % 3 L, Hysalen L[ABDT Y FV 74 3 ) BEEHT
B OIZHE L DS, rigid ZEACEHIZ L 594 X ﬁﬁﬁﬁkk B AGANEEEALF NN-EA(FYFIFr 43 7ar
LY, MOBREZEILTVWBEEEZ L0 RDEYS V) EXTF TV (Hesalprpi) & Hdbm 24 L7227 1
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Fig. 5 Comparison of mutual selectivity of trivalent
lanthanoids between several extraction systems

a) [log Kex — log Ko (Eu)] values; b) [pHie — pHiye
(Eu)] values. X: Thenoyltrifluoroacetone (Htta)-
benzene system'; +: Monothiothenoyltrifluo-
roacetone (Hstta)—benzenegl); +: potassium tetrakis
(1-pyrazolyl)borate-Hdbm-benzene system™; A :
Hybbpen-Hdbm-chloroform systemm); ¥ 2,3-naph-
thalenediol-benzyldimethyltetradecylammonium
chloride-NaCl-chloroform system%); Vo di (2-ethyl-
hexyl) phosphoric acid-chloroform system%); O, 8-
quinolinol-chloroform system™; @: HyNsalen-KC1-
nitrobenzene system (a: [log KuKas — log Ke(Eu)
Kas(Ew) )™

TRV ANDZIEF b— MIHRIZEB W CH Rk & R
FEORBIREFERINEY., 2ol ehrs, FUFI)F
YA I HEAROVMKEED T vy 4 R O8N
MRS ERNCHRE L T B ERIBE NS,

3 FHEBNRYY VN7 — ARIEALF O B R
WX LBEA+ 05

El/A A VITRESI MDA A Y OHEIZ IR, BA
TV OGHEAHTIERG TlE v, BEF A+ V% i
BlaA A L3R R0, BAT Y08 QEMRFRT L4
G LIBRFRERA L+ o Th B0, ALFMMOBEEYD

LI TR WD A4 F VM~ 7 T a—F 41

THRE 2,

BeA Y DA HITIRO AR L SNTVRL 0, 1
F VBSOS LA A o7 u= v 57 4 —Th
B, oL, A4 VMBI BYT B8P IEARIC
ACFROBUKMEIC VL TEBY, B4 idvwbws
“Hofmeister JEH” It CTHEBEIN S, T OEMEIZA
T VISR DARETH HH 0, BIEMEN A 4+ %
PIEDREE R AL TH, WA ARSI L
B Thbh, EROGEEEY KE B EE DI
&, A4 RPN O TR e AR OB - GRS
WHTH 5.

31 EMABRNEFESEHFEXHBELTIRA
SOyavY IS 7o

yuax Mg 7EEMRCEE SN Ry S b
— AR e A 4 v LR USSR &, EEM L
BRI E NS, RV D W 2 A A BRFRTIR
(PO AL T O A Tl 7  IWEEHTA RS2 X
HUSZ D ZITTHBIRE) C, »OoLEWEHFLTY
W, ORI Lewis BB E LCoORRE (B BT
& OFENTRHRE) & HbEROBA F Uikl LT
MHT&BEFPHENS, 22T, RUF U IT—L2H
TEFEAT 3 BEARCALF & L CRRET A Y A (- YV 2 5
V)7 3 7k (bpadk) Wk 0 757 4 — IR
MNZHAT S &2 RE L.

7 X HEAT D TSKgel AR-7 3/ b 78— 650M
WZ2(zaaXAFN)EY) YUk BUS ST bpadk
ALZBEME D S AICEBL, B2 h&BEA 4 >
(M"") &EDF 9 LIRS X - TH B A
[M(bpa-P)""] #8772, T OLHEDEL F 5
P2 SIS 5 700, Bz KFEMERERE £ 4 v %R
oo (k, BORMBRRRIGID & BRI o) ZRERA
YR L UARHE T L7, R E Fig. 6 1R
. @A A Y EETRIE L TR WASHEE [H(bpa-P) "]
EIBT 5L, Cu(bpaP)’’ % Cd(bpa-P)*’ 7 & D5
T, BWOEMERBEE AT BIEA & v DRFEAIEE 2R
%% L W) FRRI R E L & VRS ER R o, 2
ORI, BT RSO FEGFICL 25 DTHY, |
DB A A ORI KE CARLFT 5.

TR VIO KT bpa-dk & A L 72 NNE A (2-¥
UINRAFN)A-T I 4275575 (bpCI8N) % &
vz o< b 79 7 4 —JHEEM (Asahipak
ODP-50) (TS 72884 ¥ 71 5 AR S0 723 &
b, FROREIHESNIY. Fg. 7O h 20
X b TAD—BRIRT.
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Fig. 6 Comparison of the values of log k/k
(NOs ) for several inorganic sample anions on
using several immobilized complexes as anion-
exchange group

Eluent: 10 mmol dm™” benzenesulfonic acid-sodi-
um hydroxide (pH 5.0); column: stainless steel col-
umn (50 mm X 4.6 mm i.d.) packed with functional-
ized TSKgel AF-Amino-Toyopearl; temperature:
40TC; flowrate: 1.0 cm®min™". [J: ¢ ;O: NOs ;
A Br ;€9 NOs B 17,8 ClO, ;v: SCN~

D XD BB T REEEEOA ST LY, IR RO
kL IEL BRI O~ NI T T
BREDBIMATRETH 5 Z LWL bz, TLER
AF Vv HREZDZETHERELZRHEITELZ 80D
ZOSMEE— NI, MAMRREA 4 XK WARERA &
vipk, MAREERAT B SRV A F VRO
SEREANOWHPIRFETE 5.

e =
4 o

Pl, FERRV TV T 2 BWEGEBEN T2 RAL
7oA F VBT T ARk A REAIZDODWTHRTE 72
B3, HUHSEEE 7 SRR ORMED %, WFhoMEd
M OB EZEHL TV L EEEVHZ . Ly
L, SRFTICHSNIREDLS, P & IR
B9 12T OALF B YEDS R Y 7 b 7 — AT - L2
boTnD I LIEMEICR )OO S, 4, Z0F4
T OBNLF DO HACFRFIH B3 2 W78 IZ SR L
TwW Z & 2T 5.

KAGAKU Vol. 48  (1999)
1 a)
2

{ ! I ¥ | 1 I

0 10 20 30
Time / min

2
b)
1
A N
I T T T T T T
10 20 30

Time / min

Fig. 7 Typical chromatograms of inorganic anions
on using precoated complexes as anion-exchange
group

Eluent: 2 mmol dm™? (a) or 25 mmol dm ? ben-
zenesulfonic acid-sodium hydroxide (pH 5.0); col-
umn: Asahipak ODP-50 4E (250 mam X 4.6 mm i.d.)
precoated by H(bpC18N) ™ (a) or Cu(bpCI8N)*"
(b); temperature: 40T ; flow rate: 1.0 cm® min™ .
1: Cl ;2: NOs

AROPEIT K72, HFEHEETH L HEFEERF:
B A HEBD Bd%, KRIBE RFARBER B F R, &b
FOBATICRKWIZEB L T NS TOREE, TR
D% L DRFEFE, FARRISOE VEHET S, X, A
MR 2 32t L TF & o 2 @&IRREKG IR HIR,
WA EMEEERY, ERWRICHFELZRLTFE oK
BHCE KA HIRE BARIIE  BALH L LT 5.
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QNI NAFNVER ILES VYN AFIVE, 2v FOF T 72V AFNVERED “HHBERL ¥
¥ F7—24 (pendantarm)” ZHEAE T HLMRRMLT O, WA + v HEREA & v 5O GHH LR
FATREME DWW, BHORBERN LR 2T - 72, SIS OB IZBUR MR B-FHAhE, B3 m
B, SRR SICEL, FERERERCT VT AR AR AT B0, HHES)E A
F v O DEIC BT, EROMIMRIE L ER R 2B AR L. B2 E, NN-EA (e FaF
YT EZIVAFN)NN-EA(EY PNWAFN)ZF LI 7 3 (Hebbpen) 12X 5 AliEBER A
F ¥ DF L — M ERYEL Irving - Williams BHHED T, WAL F O 224V 4 IS4 F 294 X
BBAIT LR TV B I EIRBEINZ., X, NN-LAG-Z haFJFYF)LF LI IT IV
(HoNsalen) \ZX B2l ¥ 8 7 4 ¥4 4 OMBTIE, BT ORS00I 12 30 < v 1403
REAYEBL S Nz, IS, FFEEEA 4 ¥ LMK LAER (€Y IV A F V)T 3 /3 (bpa-dh)
EAF 70 NI T T4 —OREEMBEA & A LTS &, A F 38 b B 5o o fl
HOMEMEHOPEICLY, BAF 07 uv b 79 758V T, WHHIEE O EFER L 138
7 B HERERE Y EBL S N
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