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A kinetic differentiation (KD) mode determination system for ultra-trace metal ions consists of
the derivatization of metal ions by a spectrophotometric reagent followed by separation and
detection of the resulting complexes and the free reagent, which has two attractive feature.
The first is high selectivity based on the differentiation of the kinetic stability of metal complexes
during separation process. The second is high sensitive detection of the complexes owing to
the absence of background absorption. The recent advent of capillary electrophoresis (CE)
prompted us to transfer the principle of KD to CE in onto to construct new separation/detection
systems for metal ions at the fmol level. For instance, 4-(2-pyridylazo)resorcinol was best sepa-
rated by the simple CE mode, owing to the 1-OH group of the complex having different pK; val-
ues among the center metal ions. By using 2,2'-dihydroxyazobenzene-5,5-disulfonate (DHABS)
and quaternary ammonium ions, ion-association CE was constructed, in which the difference in
the ability of ion-association arising from the center metal ion via the -SOs- group determines the
separation selectivity. As a result, the requirements for chemical systems in KD-CE were
obtained: i) The ligand should possess functional group which is able to convert the character
of the center metal ion by means of the reactivity or degree of interaction at the second coordi-
nation sphere. ii) An electrophoretic buffer should contain an interacting reagent which can
interact with the function group. This guideline successfully produces a new separation system
based on the hydrogen-bonding ability of DHABS complexes and poly(ethylene glycohol)
through solvated water molecules. Similarly to KD-HPLC, KD-CE exhibited detection selectivity
based on kinetic stability of metal complexes. Taking advantage of the simplicity of the separa-
tion processes of KD-CE, a CE reactor was constructed to measure the solvolytic dissociation rate
of metal complexes which determines the kinetic selectivity in KD mode systems.
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i, REFH B L 2WEREEIIOVWTHH
Serh4 LREAVL SN TE, FHHEPLHRERIE SIS
A¥x 7, BHAPEHE~OHE, suxtrI574—-LD
HBECIoTRELERoMEN RSN TEL. FTYH
WA ETAHEMESE (RP) SHRBEAE IO S
5 74— (HPLC) 1, WiRICEREBEOEMERESHIAE
FAETAMARESFLERDZI LN TESL, ZRIEERSD
RER< M) v 7 ADBHELCRIIHRTE BB EET
A, BET IV - BEFSE, 7VRE, vy 7iEE,
LIV y, AVTHFY, K74 )y, VFFL UK
Ba 2EEOBRMFICOWT, RPHPLCHE YV H 7 45
EBRLREL LTORFEEZTARTVWE"™, Z0EE, £
B OEERN ELERZRINT LI AT 4, HERY
%5 (kinetic differentiation, KD) € — F HPLC D%
N LTW5S.

—%, BETER, FLOGEELLTFYES Y-8
ZikE (CE) HE##BUTwv5. CE ZAEE 100 um L
ToOFx 5 ) —HNTITHIBRKESTHTHS. ThidHk
AMIZEH—BEBRRTOSTE L AT LTH S0, BEM
LOMHBEERRPYERES»SCHHTH Y, KDOFLLT
ERP-HPLC X ) >IN THhHb. ZO—HTEE/su~
N5 74— (EKC) IZRBMEND X ) IIEHLFREE—
FERETEZHENIDS. ZITEHZIXIKD - FOH
LW LTCEWCERL, BEEREAOFERIIC
JBHA L7, AR Tid 3 KD-HPLC % #i2 KD Ot & % 1
ML, CENDOREBY™", CE 7Y A 7 2 3% aHast DR,
KD OAE TH 2 &R 5RO IG5 UG 3 B T 0 72
DORIEEDOHRBNICELIMREDOTRNE ZOREEBAT
5.

2 HMERAMESE— F HPLC" ™

KD-HPLC 5 CILBHEOPEXREE LR LL, 600
DEBAF U ERBEICL o THEEIHEEMLL, FLE
oD DIZ RP-HPLC I 5. & &, BEMEIZIE
FEMMEBREAXRM L 2. FOLDNy 7759 2 Fik
WA <, BERHBotiEL HaICER L, BRERERE
BUFETHA. T/, RPRITLAFTRFEICERBEFKDE
BEHIrOEHEORENBREINLOT, £BEEXOBEIIF
W TII R EERICE > THEINS., A HRERE
EHETHIIEEL CRBSLT, RIS EETHI
BB TICRIBEENS, EETREZ LI, FEEHIT A
BEICAFRN TR SRR HEICOBT 20 TlR%
{, SEROBBERILOBLRUL, TORERNWELEN
OB TR, LWHAETHE. SEHEEMNELTEL
su<w 574 —OFEROPTEHBNREZ L TH .

—7, KD-HPLC Y A7 A R HRED G FRETLOE
HERBISBHNTS. $hbb, ERLAEEETI S LA
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TZERMICHBES NS 720, BATFOHEERLIINA RS
PVIZBTABERBEZLTLOLETIIR LS. T,
Ny 2759 FIRRDOZWY AF A%DT, ELVERERK
BABFRETLY 7 ppb LRVOERA + » OKHAS
WL e B, ERE, HEIMEVEEDbR TV REMNKD
VAT ATIEMIRICEEL TS,

U Lo KD £— FOGREELCERRYE, BHICRAERS
DES S Lo 788, HPLC A Tid%{ CETHHE
HIHZLR3BFBIIFETES. £ZTKD-CE~NDEH
o7,
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WE N OBBRFTEE o B 204 F VAVEBIHOEM
X kL, EHEREIIHEHLE, BEIOHNTFIIHL
BRI 12D\ T Stokes DA TS & T 5 &, BRI
BRHE 1, 3X(1) THEZLNIA.

#HAE— F CE

_ ze
6ran

Hep (1)
WEIZE T aR 2V RBLDBDT U, bR%EB. THANE
KKBORAREETHS. LA2ALKX(1) AR, EZ8
ERAA VODIHIICEMMARLTRE XU BT EY
BOBEBRKESTHIIHL W LEZEKRL VS, ER, £
WMEEF L (SppaF, F: 77778 5 u, & A&
bBE, U BEVIKEELTWSE I EARHS. 22T
Pek, BERFXEEHRICRMLFEZRML, SEBA+ L
B F L DEEREEOR) OEZREZFMAT 508 TH
NTE7. TOEKRFEEITIE L 2 FKERKE R %5H
BRKH O CHILEINTWAS, CEOHBEE LICZDE
H%ZDEF CEIBITSEMEIHELHESh T
5, bbb FeFRIrF /)Y 5 ANK VB
(HQS) ', EDTA' RUEBH'®Y, ZLTHNVKY
BT R KB AR EBICRMLZ CEFBETH B, TR
BAMBICRERTA2ERDEHIICLE. EBA 4 M™
EERAMF LA OERETERTEHE, ERHNE
T

Mn+ +L™ = ML(n_m)+ (2)
ML, - llﬂ-M(i—l)H + L MLi(n—mi)+ . ( 3 )
MIﬂ _ llﬂ—m(j—l)H +L™ = MLj(n—mj)-x» ( 4 )

THbH. CTTMLY™M 1 i 82 RT. SRR ESH
BEERDEEEEN B L RBBRER T OEERNLFD
BEE[L™]) CkEAB. ZITRHIIR(5) TEEINAB.

NI | -El ectronic Library Service



7”The Japan Society for Analytical Chemistry

BEWX Wl BEGEREAOEERNOBINE—F-Fr 5 ) —BREKIH R 7 A0S 497
Ni
_ MLy
b=ty 07070 (5) Co -
=
SR T HEE ML DELGHRE x ET 5. 3
PAR b
ML ™1 . c 2
=ME T =0~ (6) u 2
=M U0 Fe o
=
o
SITMrRERRAA VRETK(7) THXAONS. 1
MT = Z[ML(;"-"&F] ( 7 ) . e | S,
i=0 ] 1 1
‘ . i . 4 5 6
H(5), (7) 25(6) IZHEHAL, R(8) #521H6N5. Migration time / min
BIL™ T o ) Fig. 1 Typical electropherogram for PAR chelates
%= o (i=0~j) (8) Electrophoretic buffer: [NaH;PO4]r = [NasB,Os]r =
;B;[L ] 0.01 M, pH8.4. V=219kV, I=20uA. Total capil-

4k ML OBRIKBIBBHEE pe~ &5 EERA
* 2 ORBF OBERKB BB po,n 13X(9) THALHN
%.

J
Hepm = zxi/lmg--mi» (9)
i=0

RESRAA  MIZ2VnTHK(9) LK EON
5. BE, ERAF VHEICEI-oTBRERS. Lo
THREBH R P ORMFIBEZ BYITB, Upm & tepr
WCERE-ENE, £BA A+ OBRIKEFEEATREIC 2
5.

ZDEHIT, FEOFBITBEBRASETERFH L - TH
FEICREB TE 578, RERERICERMFZB/MT S &
R LEE - HE XD 5. 10, EEROICEELSE
BEAICICASFHIREINS. o3, SRS 1RX(@~
Al OHEEA/N ST, BEERE ML (1=0~j) 2
S L7-BEOV— U XBBT 5. T, BERKEEELER
BEORE, 7Ju—Fiy—-reidb, 12, KD-
HPLC DIHTHRZ- L ), RERNIEBETE NNy 77
FO Y FICLo TRESTFHICB LAY, BRETHS
L—H—FREXELED ZOME,ISHENE I LIZTE
T, AROREEX+HICRETE RNV,

32 PAR £/E8550 KD-CE”

ﬁﬁ#@@KDO%&LTCE%mwé%A B F %
WEEE IR L v, 727°-> T KD-CE TE&/BE1E
ST S 0001, Lﬁ@ivﬁ7A%Em$&tu%
DRBHYVLEE LS. BICEESICLD, 4V ILT
VYLV —)v (PAR, Hepar) S0 I tLGE s o
X /574 — (MEKC) FEE"R, a.B76-7 P T ¥R
EHNVEFLT72=V)ENVT 4 v-Zn" 84D MEKC 2

lary length, L = 70 cm, effective capillary length, /= 55
cm. Sample: [PAR]r=1X%10""M, [M]r=10""M
(Al 2.21, Cd 2.37, Co 2.04, Cr 1.98, Cu_1.83, Fe 2.00,
Mn 2.14, Mo 2.0, Ni 1.74,V 2.08, Zn 1.97), 0.02 M Tris-
HCI (pH 8.0).

\ 5
N \N%;D%OH
HO
PAR, Hjpar

MR EREShTWE®., 22Tk
DHEHIZCEIZL S PAR ERIEEKDOSBEARE L, KD E
— FTOSEELHIET 2HF 2@~/

Fig. 11211 BEOE&R A 4 » I 2 BERKkBR %2R
F. 6 LANIZ PAR @D Co", VY, Fe" KU Ni" $EkAH 58
Ehiz. ThoDSEEIGRERNICKETHHDIZE—
se5ixtEIONS. ZOBIRMIZ KD-HPLC Y A 7
LERBETHHPY, —F%, cd", Mn" RU Zn" 4 F > iz
PAR LS8R L7 E—2 25X eholz. THITHE

Table 1 Theoretical plate number of PAR chelates
and total separation time

Chelate KD-CE” MEKC” IP-RP-HPLC®

Co 243000 114000 1800

\Y% 246000 2900

Fe 425000 105000 1700

Ni 297000 120000 1200
¢¥/min 6 30 24
{?/cm 55 60 25
a) Ref. 5. b) Ref. 21. c¢) Estimated from a figure in ref. 23.
d) Total separation time. e) Effective capillary or column
length.
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TV Fell-pAR

Cu''-PAR
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pH

Fig. 2 The pH dependence of (tn/#%) for PAR and
the chelates

Electrophoretic buffer: [NaHsPO,]r =[NasB,O7]r =
0.01 M. I=20pA. &, tn: migration time of solvent
and solutes.

Fig. 3 Acid-dissociable 1-hydroxy group, the pK,
value of which is strongly dependent on the center
metal ion

BRI ERETHEDIZFYES Y —NTHEELZZD
EEZZONE. B, Aunk&fET iz A", M RY
Mo £ F VIZERR L 2o 72,

Table 1 iICE&5BERBRUOR(10) TERSINLHER
B NERT.

N =5.54(twm / Wi 2)? (10

CITC it 3B EOBEIIFE, Weld¥—2 OFMHEIET
HsH. FHTREZ LE, 14 VA5 ER HPLCY <
MEKC™ I L CHMBRAKBICERmShTnaI L
Té5b. ¥/, CEOHBZEREIHEDKEL, PARERSHE
hESHETZICIEEECEEEEEZ AV EML CE
VATALAPBLTWE I EMNSH o/, Co, NillHT 2
BRIHBR (S/N=3) 3ZhZFhn180%x1077, 1.41 X107’
MTholz. BHERICRET S L 1.08fmol (63.6fg) K
07 0.84 fmol (49.3fg) TH 5 (FABHEAE 6.0nl).

B PAR R UK SERDIKBI BB~ OREH® pH O E
7z (Fig. 2). SBEFMH . OBEE— 7 OB

BHLTHD,
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Table 2 Acid dissociation constants for PAR and the

chelates

Species” pKa pKae
PAR ; Hgpar 5.43 12.18°
[Co" (Hpar)s] * 3.64 4.41
[V'O,Hpar] 4.40
[Fe:(Hpar)?] 6.47 7.66
[Ni"(Hpar).] 6.2 7.1
[Cu"(Hpar)par] 8.2"

a) Ref. 23.  b) In 10%(v/v) aqueous acetone, from Ref. 25.
c) 3-Hydroxy group.

B ollx$ 5k (/o) ©pHEFER, K&K Zo0Y
V=TT oN%,. Thbb, pHDOWKE L HITKER
PR T B 7 v—T (HBE PAR, V' RU¥ Co™ 8E1k),
BHICHEKTEINV—F (Fe"RUCu"$#4) Ths.
PAR ZEBAF VICRM L2 VWEEEETTAEZ OH £ % 1
fLICHELTEBY (Fig. 3), BHLIZK o TED pK, ED
FHHICHAXSRATWVS (Table 2)®. HiZ IV — 7 Dbk
IKEBRE I O pH EHMIC pKEE RV, —F, #
INV—TDEE, SLFED pK, IR L7z pH EENIC
HETSH. pHOHMKE L DIZINS OSEKRIZERMEEL,
ABWHEAWRT 5 7- D EBANOBR KB EIEEAHK
L7ztZEzon? (BHEIZAEH). Ei2 cus$$k0iga,
pHOMWARE L QITHEAT L 145 1: 2B kL e#
AbNb. T%bEH pHT THE [Co(par).] Sk D #HL
BEBLTEY, X)EHEIPDLWERHME [Cu(par)] DF
EXFFE LTS, —F, pHI.5 Tid Hpar £ 1) $3E<
JVEZKDBEERBPEROILERE
[Cu(par)s]®” DFEEHEZ SN 5. ZHhid PAR-Cu" 81k
DFEERH»PSIXFEINLERTH Y. &8, Ni"st
RIZHRET L7 pH EAOBERIC pKHE RS, KEEED
WV —T7OREICET 5.

Fig. 2 D& EH» 5, KD-CE S HREOEHIFHL» L
b, Thbbd, BEFIZHLERA A OENE % BER
BEERE LTRBTEIBEELROLENDH L] £
bOTHD., EBIZCOBSEXEHL 2¥)V VT VT
t F4b FOFIRyVA e K5V (PAHB) @ Co'™,
Ni' B U Cu" $§f5 D KD-CE FHEASTHETH - 2. T
X912, £BHD pK EDZERIZ KD-CE FHICHED T
BMTHAHZ B Th o7,

HO
\©\fN\N/ N
OH N~
B

PAH
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T b ¥ 8 T T T T T T T T T T
a) g ) [8 T T
2 2 2 N\ ey ]
O | Cr Al o - . --g-- DHABS
(5] ~.
2 o AN ——V
|8 LT == e
g% & ..: %ﬁ\\ —o— Al
v 70 ~ ‘\:‘ \\§\ b
cu |v o R R
rUJ = a4} \ — v
A a } S
r-lJ L = o, ° — J
N [ PR R IR SV SOSSPELIIL A S A LS SN
s 10 26 10 12 e O,
Migration time / min 2 T, o
1 1 PR S 1 1 1 1 " L 1 N "
Fig. 4 Typical electropherograms for DHABS 0 0.01 0.02

chelates

a) [HsPO4)r =0.02 M, pH = 7.0 (with NaOH), V=
21.7kV, I=20pA. b) [HsPOJr=0.02M, pH = 7.0
(with NaOH), [TBABr] = 25 mM, V= 21.3kV, I=40
PA. L=65cm, {=50cm. Sample: [DHABS] =
1 X107 °M, [M]r=10"°M (Al 2.21, Cd 2.87, Co 2.04,
Cr 1.98, Cu 1.83, Fe 2.00, Mn 2.14, Mo 2.0, Ni 1.74, V
2.08, Zn 1.97), 0.01 M Tris-HCI (pH 8.0).

33 1454 CE®

2,2-Ve FaF 7 IUNRIVEYBEE-TANKFF— |
(DHABS, H.dhabs’™) & Al", Go", Cr'" RU Fe" 2 &
ZSMoEBA A L 12 DEBEER [M(dhabs),])®” 24
B A7, LALIhsD&REEEILEHE D KD-CE Tid
kB L, TEETE L, oL |Fig. 4(@)}. Thid
[M(dhabs)s]®” »EE L7-B# (-5) 2&FbL, ZBH»>D
HEVWOKESHRIZHELW-HTHS {R(1) BHE|.
MEOMA AT, DHABS ICH.LERA + » DfF
% pkEELTRBTE2 7=/ —VHEOHEZEAL
72, 224 b e FuoxvBFlEAgLREEAVCRIEIRVWI E
b, L2 LIER#HRT7 VREOFEEM7 VEXDERMIC
Lo TRHRERBENERLY, —20&RIH LEROY
— 2 %525LVHMBEET LY.

0,8

Q=<
)

OH
HO
DHABS, H,dhabs?

—F, BAAHEILVREFFEREEH V5 EKC
T, ThoD\EEEME [M(dhabs).)®” & OB EHELE
BHaT X, 7HESARTETH- . T2 THEERD X
NIty ENEZT VE_TLAT DA T UEE
REZHVLRERE L. Fig. 4(b) T TBABr % kB
BEBICRMLA-L EOBRKBRZRT. 120UAT
I 5D [M(dhabs)e]®” 2 FHET A EHTEL. BHEER
B ND Al: 253000, Co: 243000 & UF Fe: 214000 (1= 50
cm) EBEW. KXY X5 A T2 DHABS @ Cd", Ni", Mn"

[TBABrl; /M

Fig. 5 The effect of TBA ion on the migration of
DHABS chelates

Electrophoretic buffer: [HsPO4]r = 0.02 M, pH = 7.0
(with NaOH), [TBABr]r=0~25mM. L=72cm,
{=57cm. I=20 (for 0 and 5 mM TBA) and 25 pA
(for 10 ~25 mM TBA).

T I T T T T T

8+ <= Cu B
--g-- DHABS
I 2 A mtmaiany Ve —— VvV h
'n = —o— Fe
T 6 —a— Co -
>
~
E r J
(%]
T 4F ]
=)
- Qnemmeenes Oneeonene O eeeennn,
~ o -4
s
L 2 O .
0 1 L 1 1 1 1 1

none TMA TEA TPA TBA TAA TPP

Fig. 6 The effect of counter cation on the migration
of DHABS chelates

Buffer: [HsPO.4]lt = 0.02 M, pH = 7.0 (with NaOH),
[counter cation] = 25 mM except “none”. L= 72cm,
{=57cm. I=20 (none), 25 (TBA and TAA), 30
(TPP), 40 (TEA and TPA), and 50 (TMA) pA.

BRU Zn" S MEE L TR ST, KD BRESREHAL T
W3, Fig. 4(b) DEBTOLHA F ViZx T 5 RHEER
(S/N=3) i, Al: 1.67, Co: 3.16, Fe: 519 % 10" M,
xR E LT AL 1.00, Co: 1.89, Fe: 3.11 fmol T
Hol: EAR6.0nD).

TBA BEDOFBHEHDERKBBEE p, ~OHEBE TR
7= (Fig. 5). SrHEEREIZ+45 T2V AH5BEIC 5 mM @ TBA
1A ORMTERBHROTENRON. TBA REN
WMATBE p, B L. SHIIEVERDOAF V28
HEERL TR DLEIZOND. I Tp,id 0T
2L, 4F EBBIERANICHETIERY., ¥—2 DR
24+ v 2R EEN Fe > Co™ > ' > A" 4D
JATHB I L#RLTWA. ZhIZIZEEoPLERICE
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Fig. 7 Schematic diagram of ion-association capillary
electrophoresis

Si7, S37: solute anion; Q+: ion-association agent;
[S?_'Q:], [Sg_'Q;]: sub-stoichiometric ion-associates
(0<n, m< 5). v: electrophoretic velocity; veo:
electroosmotic velocity ; K: ion-association constant

2T SO BOBFEEICEBFELTVELDEEZLD
ns.

AF VEEREOBBICOVWTRIT LA (Fig. 6). [
—BETHBLAEGE, RELBAL V22344
SEENFBRLTCVE I ELSH S, TRICIREEKEDOR
EEETIE R L, BAMHEEERARFS LTwsEER
bhbd., FVThoOBELTBHNOA F &S5RI
LTw5., kBRLETE, 7V AFVT VEZT A
(TMA) DOBE, ¥—28578— FiZ7% Y [M(dhabs)s]®~
ST A LRTE Lo FRIIFAT Y ESY
i (TEA), F F5FubnLT Ly EZw A (TPA) ETIV
FUEPERL R BIZON, SEEEFMEL:. —FT M5
RYFNVT VEZT A (TAA) RTFFS5 72 VARRAKR=
7 A (TPP) A4 V2% 5L 5mMDBRIMTHEINR SN
%75, 25 mMRIIT B & A& o THBEBEDMET L7z

UEDZ ISRV AT LOREBAZERXBIIRL
(Fig. 7). Fl—O&EHE2BHOBES bZThZThREL 24
FUREERERFoTBY, RE2HBOALF v EEGk%
L, REGOBRKEBBEEICENELSE. A4+ E
GEZDOLD% CESHEOFEBE LCHALZMIMNDTT
Ho7DT, KLY AFT bL%AF &4 (ion association,
IACE LB L7z, 44 VEERIEDFEESHT~DIEH
X, PHMLEICBIBEELEF—T7D—DOTH5Y. 4
F R TR 4 4 b S E HPLC®? & & AD
ICHBIZZET B ENTE LD, BRNICIITHESE %
HFHLLONE W, FRIIH LAY R F AT —EHEP
TORBNA F Y AAROERZEBRICSHBICHALTS
h, TOETL=—2sThH5s. IACEDEHIILBIEMA
FTR%L, HBEAATAIATF—REATE 2P0,

3.4 3 XF LEREHESH
LA PAR % DHABS ® KD-CE Y A7 L% 5, BT -

KAGAKU
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O — H Acid Dissociation Reaction

- @* lon-association
SO:, Q Reaction

X‘"’Y Other Reaction

First Coordination ;
or Interaction

Sphere
Second Coordination Sphere

Fig. 8 Chemical system of KD-CE

L: chelating dentate atom; M: center metal ion.
The ligand has functional groups, -O ", -SOs-, and -X,
which are the antennas to express the characteristics of
M. The carrier contains interacting reagents such as
H", Q" and Y which interact with antennas by certain
manners.

VAT LKEHESE B L ENTES (Fig. 8). Tab
L, @ EBRAEFICIE, PLERA T ¥ O+ BRI
RAF VY EEREOEEL LTE_RUBTRIETX 3,
TviF b ERE ((OH, -SOs) *EBATHLEH
5. @ BRRXEEERICIET ¥ 7T BErek & HEER
TE2RE (Fuby, A+ 7268%%) 2EBATILE
Vb, .

U h T AERTFHIIEILSERA A+ D CE FBD
BE, EBA A VOE—BEMBETORETHY, £RA A
PRI L o TSRS BERIKE R IBRE L 235
EbHHTLE S 1THTHENRE —/FIhb KD-CE ¥ R
TATORIG W LHEEREZE_REBETEZD, 20
BERKBEEICHRTRETHS. TDOETH KD-CE
DHHEOKE SHFRENS.

CE Tid—fic, BAEHA AL EREREomED
BB T4 2 585# (modifier) ABEHEHIZRMEINTE
7o, 3, AREBEY, KBEEESTY, BSTFERE,
yruFFA LYy (CD)Y, SEERRAED, I
RIINYa W THhE. TITHEDRHELBEBRNIIS
EHRGZVLSHREER L, ERENICERKBBEE 221t
SE5b0% [HEERHRAE] LR, #l2IE MEKC T
123 k2%, CD-EKC Tl CD A%, 4 F X EKC Tl
BOFEREVHEERRETH L. £FEH#EAED KD-CE
TIZ PAR $EADRTIX 7T b 2%, DHABS Sk A F
VEECEDHAEA T VEAREIHEEHRAELE X
5.

3-1¥HIZ% 5> TKD-CE TOERBEERDBHITOESR
KEBEE uon 2B THIERDL I ICR S, 7,
KD-CE TR EERIICRELRHEEML" ™ 256, LD
ERMICAR S, HEEHAER ZH WS CE ¥ 5.
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RedEX
FYEF ) —HTIEML"™" & R &L DXEFH
ML{"™" + R = [ML{"™"]-R (11)
NVETED. TOLE peuid

Hepat = (1= x)imigme + xplppng=r1r (12)

THEALND. I T g IFEEHK [ML"™"]-RD
BEIE, xRN TI2EE660EVFETHS.

[[ML™"]-R] K[R]

¥ ML T+ [[ML™]-R] 1+ K[R] (13)
Kizx(11) OFHERTH S

_ [IMLS™"]-R]

= LTI R] (14)
K12

g # Bipgiionn 1 (15)

THhhE, kBREGET D [R] 2ELEE, pepm ZHIH
TELIELEERLTWS., 4, FLEBICX->TK
HR% D RERGTIIEREAROHEF TR L &
5. DX, Fig. 8RN (12) BHEMEMEE L CERE
BRAA Y REAUNDOLDOLFHTESLZ L2 RBEL T
B, EE, RIZBRBIIIIAEBEGLHCLIHHEL X T
LANBHTAI LA TE, Y AT AREHES OLEEH IR
LY (R

34 FAACHHBEFAREZREVS CEQBY X T
L

—fRICWEE CETHEEL L) LT AL E, HEERAR
ERELLTHEBERDODLDZHVZ2ONAEMTHS. 2h
1BR(1) 26FREIND LIS, REDKEKDEHE
HRMBEARROEHEEREFAEL, XQ5) HEFHICHR
SNBDTHS. FIZThIIFTENRYENERMICH
HTHoTHERKBS/ETELILEFRLTVS,
MEKC ELRKBED T L — 2 AN —THBHWEIAIZC
ZHB. —F, XK(1) BBREIEWHEF-> TV EHE,
REDEERDOREEIVBEZDIDORKEILKELR
Zhid, REZTLIHERTHILBEIIL W L ERE
LTwWh., ECTEFNVEHEELTDHABS £ RS
[M(dhabs):]>” 2BV, FEA F Y HOHBEEHRAELA Y
HCESEE AT LAEREI L.

3-3 T2 X 912 [M(dhabs)s)* &4 F I
%5 MEKC T3 HET& d o/, LALIEAA Y

Tl BRI EREEOZERWBINE—F-Fr ¥ 5 ) —BREKB > A7 L DFRE 501

Al
Sol. Co

Fe

| 1 | 1 | 1 | 1 | 1 |
0 2 4 6 8 10

Migration time / min

Fig. 9 Separation of [M(dhabs)2]®” complexes by
KD-CE using electrophoretic buffer containing Triton
X-100

Electrophoretic buffer: [HsPO4]r = 0.02 M, pH = 7.0
adjusted with NaOH. [Triton X-100]=0.05 M, V=
21.7 kV, I=20 pA. Sample: [DHABS]r =1 X 1073
M, [M]r = 107°M (Al 2.21, Co 2.04, Fe 2.00), 0.01 M
Tris-HCI (pH 8.0).

REIEHH Triton X-100 D I LV EFHWIEE, fBHIC
ChoZHBTHIENTEL (Fig. 9). IACEDR LD
bBFIIANR—RAT AL Vo BERER L. kBB EHF O
Triton X-100 BE* NS¢ 5 L #EAROBELIXKEBEEH
WA L7z, THIZEEHR [M(dhabs)]®” 2534 4 >3
EMHEERL, 864 [M(dhabs)e]® "RAER LTS
ZEERBERLTVS., FRICERIKEIBEEH

HM(dhabsy™ > HU{M(dhabsg~ 1R (16)

THAIERRBL TS, it Triton X-100 I IV
DRESONEEBTNIBRTEL, BEIREZ LR
EPDIEAF REFER I EVERAWLEES, B)4+F
YxFLr (28) FF4 /=) (Brij-35) % Brij-58 b [
HoSHESHERTOIHL, A7 F NV Bo-F VT K
(0G) BChSOERE*THETERVWETHE., TN
OREERH OBER ZECIZRAZICH Y, HEEHEE

LT [M(dhabs)]®” D I L VHEBADOHFETIZ %L, K
¥ TFL Y (POE) SHEDLHALPDAEREREL
RIThiE % 6%\vw, £ZTCPOE#E»L LR LESF, KV
TF L 7)) a—) (PEG) (gl oMHEERHZHAX
7=,

B4 R EDPEG #BEHWICIEML, [M(dhabs)e]®”
DRBIBEBIF R/, 0.5 (w/v)%™® @ PEG #20000 D
MTb, 3HHED [M(dhabs):]®” DFEENTEETD o 7=
(Fig. 10). A A UEFFHO¥ET WV TETS ‘53
WEIR' 12X A CEFERHRESATWS., LALIOD
3 T3 PEG #20000 FF R LEWVICE T o Ty
Z &, BE L7 [M(dhabs)e]®” #8EIZVFhbiZEL AL
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Fig. 10 Separation of [M(dhabs):]°” complexes by
KD-CE using electrophoretic buffer containing PEG
#20000

Electrophoretic buffer: [HsPO4]lr =0.02 M, pH = 7.0
adjusted with NaOH. PEG #20000: 0.5 (w/v)% (ca.
0.25 mM). V=20.5kV, I=20pA.

FILKESTHHEI RS, RVATATOGHEIILSLW
MRIZEZDDOTIREVWEZEZOND. PEGEBENFHEK
F2I22M, [M(dhabs)]®” D u, lZEA L7z, T hid
[M(dhabs):]>” & PEG & DR AL DEEHK
([M(dhabs):]’” -PEG & &Kit) D4R E, BRKBBEHE
753‘

HM(dhabsy™ > H{M(dhabs§~ 1PEG (1 7)

ThHhHIEERBEL TS, E— PEG #20000 43-F @ [Olix
FE (Re=72n0m)" FSEROLEI Y I KREL, LAAF
>TRA7) BRYEBEDbIhLE., DI Lid, [HHETSR
VERERVEMZFRFo TG4, HEFARERPESR
R TH-o THOHTFER (VA4 X) PIRETFNILHEESS
HEETHL] LV IHEERHEEZIFT S, X Triton
X100 2 EIFEAF U HEI NV EZH VS MEKC DR T [
¥Ths.

%8B, PEG OHFFEIFE (F.W.=200~20000) %FHX

oS

Triton X-100

CH,OH
OO(CHy)/CH;

OH

HO H{o™ 8

OH
n-Octyl-B-D-glucoside
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Fig. 11 Schematic diagram showing a possible inter-
action between PEG and [M(dhabs)s]’" via network of
hydrogen bonding-

el Zh, HENRVIIESBEEIRKENWI ENG Lo
2. MEEHOBEE LTI, PEG BAIRBEA NS ~
ERoTWiRWZ &, FFEHFICTL) POEHOF F ¥
IF L VEMOKFIAOEIZ 29BEFHEIR TS Z
& SEEAAA N=N., -SOs+ RU -0 OFAZKEHL
TV I ehs, KMKEEHLKELEESHEEREE
gL/ (Fig. 11). BEFOFOIhLoFKEITPLE
BAF VLo TRRBAEZEREFH - TWHEERDS
h, ChOSAOHESBIIFS LTI EEZILNS.
TBINEIIMEIC, TERSIAFELEEGICEIL CER
MEKC %#$#2E L T\ 5%,

Db, FILOWHEEHE LTAEEEEZFHL -8
— FZRFB L. SEIIKMKEKELEETEIEREL
BOLENDH L. T, SBEFENEFTWIUE, HE

C lezs\e O/\%?,OH

Brij-35
\60/\950
Brij-58

PEG #200 (n = 4)
PEG #1,000 (n = 22)
PEG #20,000 (n = 340~570)
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B T . BESREROEFERMBNE—-F-Fx 5 ) —BRKI Y 27 40%E 503
EHREOSGFEIRKEVES, HEEAREEEIER [ .
BIZHETOMD LY. ZDIHITEKY AT a1, SR . .
RIZEDLESHA CEDBEY A7 AkEto WD —R P Al
ZRLTWS, é g
4 CE 2 & % &Rk i s B H B fRATS g|E
Ga
UEDY AT AT, KD-CEIZBIT5EBIEEEDGEER 0.1 .

BaP.ICEBR LA —H, £REtoRBEREICOW
Tit, ZOEERNLERERIBEE L TVE I EATRKEE . ‘ ‘ L . N
hTwa, T THBEL 2RI, MOBEMFR Lewis 0 5 0 i 20 25
BMOBBIZL 2 ERBEEOMBETII R, NEES RIS

TdH 5. i3 KD-CE R KD-HPLC 72 Tix % <, @AH and [Ga(dhabs)s]*~ by CER

DEMTFRUEERA & ¥ e OBEFABEL Y IRESh S ¥ Straight lines are oftained by fitting of
ATFATREICEEE LS. Pz, EREKRDOEZHE in In{[M(dhabs)s’~1/[M(dhabs)s’~ Jo} = = katm.

vivo SRIRIEICIZ, AN TOREERNELEENER S

na», Zok)ICmEEmEICEE R, S LED

BeZBECHEL o TWwD,. L LEBEEROMEE 3 o : Co

SRS EETEENICROLILIIELY. 2T

KD-CE 2"MBHSBIIC 2RI L, ELL-REREREA
FUEEEWRICOMETAILICEDR L, RS AT

D7=H® CE U8 (CER) WKISHAL. 7 VeEke L

T DHABS ® AI" B UF Ga™ $§4& ([M(dhabs)s)®”) Z k>,
AR RS R E R ke RO 7.

EREROMBES MG % BT 51213, 55 Sk Sol
Mg 2 EREGFREITrTEIV. 22T, & I
BEEARIEIF Y ES ) —NEREIL T2/, NBESHRK | i
BICEHEND. Lizho TRICHBIZEREE R E 0 2 7 .6 8
WET 5 CORBIFRM e ilFE L. T2, IEHROR
HEREEMKIBE [[M(dhabs),)®” 113, BEERISARIETE 25 b) Mo
BHE [Co(dhabs)s]®” L DY -/ BEDHBEILERTE
5. RIS FRE LTI 6 2 ZLEE [[M(dhabs):]°"]
ZEHAlT IRV, TZTC, BERpHLZEFYE T —
NTOMBEFBRICDOEHEEZ —FICRD LN 6. 2K
ILEEBFEILEELLSL. FITXFYES)—HBED ¢ DHABS
BEMOBEEEIGENI V2L, ERREHOH Sol
LWHEEBERLE. Chidxr 5 — % —EREE \JJ
PSS ORER TH Y, £ D%, pH 7.0 D RIGHRE T T
BEBATS, LWHBELLDOTHE. TOLE, (B 0 2 t?mm 6 8
fiix pH ZMLISBBEE Y, BEOROMEERIFTS. ¥ ¥ "

o) —BHEICL LB, BEDOEZS 1, =B~ Fig. 13 5'}‘ypical electrop?_erogram for [Co-
53 COBNTETH 2. (dhabs)2]° and [ga(dhabs)g] chelates at longer &,
_ _ (a) [Co(dhabs)e]” system as an outer standard, (b)

[Al(dhabs)o}”", {Ga(dhabs)s]®” &b i, 2HMEEZ L [Ga(dhabs)s]®” system. MO: methyl orange as an
BREREZHEL S (Fig 12). . Thid nhKEVIEL Eggxﬁ??%gmﬁ?mgﬁfw;ygﬁgz
BEREAETT 520 E2 615, [Al(dhabs)s]® trophoretic Buffer CHAPOLT = 0,05 mol dm", oH
[Ga(dhabs)s])®” D ¢, & b, #HEHE [Co(dhabs)s]®” DZh 7.0 with NaOH. Electrophoresis at 7= 30T, /=20
Z—BL, [M(dhabs)]” DEREIZREZ. D0, B KA, V=16.2~16.4kV, (=15 cm, L = 60 cm.

#l LTV 5 e UG AR

Fig. 12 Reaction profile obtained for [Al(dhabs).]®~

DHABS

Ga
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Solvolytic dissociation Water exchange

[Al(dhabs),]>" [Ga(dhabs),]> AL} Gazy
v v . .

r T T T T T T |

10 10° 107 107 10° 10 100 10°

Rate constant / s~
Fig. 14 Rate constants of solvolytic dissociation and
water exchange

W solvolytic dissociation rate of [Al(dhabs)s]®” and
[Ga(dhabs)s]®>”™ at 30T, @ : water exchange rate of

Alaqg+ and Gaaq3+ at 30C.

[M(dhabs)s]®>” — [M(dhabs)]” + Hdhabs®~ (18)

TH5. [Ga(dhabs)s]’ $ERDFE 1,=6645TY —F
4 TR L (Fig. 13). THhiER08) KX V&L
7z [Ga(dhabs)]” ¥ —Z7 DT ZFIZHATWA 2D L EZ
BND. i, 12T BRERIZONWT — RO RS E E T %
1o 7 (Fig. 12). ki34 4 [Al(dhabs)s]® : (4.9 £ 1.0)X
107*s™", [Ga(dhabs)s}’": (3.7£0.3)x 10 °s™' &% o 72,
IR 30C TO AP R U Ga®" DK E 23 B E B hex
(41395, 4.00x10°s7 )% X b LEBICAEW, B
IZ [Al(dhabs),]®” & [Ga(dhabs)s]®” D E D b D HIF,
ARG D ke DI E Y BAEL B oTWw B (Fig.
14). SSRGS D W T Eigen B#BIC XM, ZTOHE
BHRLERA A OMEIZE TS, 2 LTERGR
W&, ISR RS E BN F OM RIS K E KET S
CERRTIDTHD., DI kiF, BFERFHIE-T
CREEROMBESRISEEZ R CTEDI L 2RBEL
Twa., BETE, AERENCTX 2 KD £— FERED
HHITEETH L ENWI I &R B,

CER 12JFEH % KD-CEIZBWTWADT, BEA,r—L
HIIZIX KD € — F TR - FERRH DIFRIR D FUCHE BE %
HBHIZIE, TECEHEOY—NVEERSL. BETTIIZ D
RMNSTTA—FHCIEERBTENREZIATVS
27, BEMLBHHETORNSEEDERSCHWHEBH O
BRrZETHLENRHL. T, SREEOBEERIGICN
LTk, BEMLOBEY S/ — I VEDOHBERS S 8]
BEEINTBY, MERTBEICUNOFSEBOELZ
BT A2LENFHTL B, THICHL CER 3H—EHF T
ORIEEHZD 120, L HEICHERCEEZEHITE
5. 5% KD T— FEAUAEOFTFHEEL, TOLEH
RONEES R RS EE DB DOV T T — 5 DHERHH
Fahs.
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5 &

VE, fmol LRVOERA *+ vy OSHERIINT 5
AT LT 7u—FThb, RHRREICL HHERFEMS
tE, ¥ 5 ) —BREKEIC X 258K 27 407
BEMZREF L. 0L E, KD-HPLC THLMIZ - T
V5% KD E— FHROBERUE L BREEEEAT 5
B, REBEHEBICIIRAREZRML i v, Zo7w,
HHHLZERKBRPERA 4 O CE T—RIZESh 5+
YHILEERE-FIZIRES R, FLWIEOREY
BRELZ. Thbb, FEMLL TAELLZERERKIION
T, ZOHFLERA A o [EME] PEkEHTRFTOR
BYATAREEL. BAMICIE, BEEFICRERAS L
COREEE_RMBCTRETCELIERELZEATILE
Hdhh, KEBBRERIZIZZOERELHEERATE 5%
EERMTELENDHD. EBRIZ, 14 48 CERKER
GEMHVSCE Y AT A%BIKL, REHEstOFBEER
L7, REICTHY HiF-UANc D, REEEHEHZEAL
T3P0 CEBAURERPCEFTH I AT L2HBET L
LidTAICTRETH B EEZHNS. —F, KD OERY
BT B SR EERDOIMIEES G EE % RT3 57:9
12, BREEHHIME KD-CE Z W K52 (CER) %
FRELA:. COLICHRAETTIZ, RERNBRNOBS %
CEIZBHML, SB#EOH LW CEFHEL AT LA%RE
L7:. BIZCER ZH%EL, €SBREEAROEERNEZINOR
HiZHE)DDH 5.

AR FTT H1H7 D EiEE - @SV AT wgRE
RER My MERsE, B COHEISCHELETS.
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HERMIRE (KD) €— FoESHEE, BARBICIVERA 4+~ 2 FEMALHE, £ UK ER
RELHESTHL, RET2HETHS. ChIEREROEERNELESLEORINCHEETIEHRIRME L,
Ny 7779 FRIP VI EICIHBREELAMA T35, AFERICNSDOKD €= FOF&EE, &
LWl THAFrET ) —BRIKE (CE) LICHEEHL, BHMELSEHADKD €TE—F-CEVAT A%
WETLIE, RUZOREHEBIZLZHNEL TS, TVREZEFVREL LTHY, fmol
LARVOERBEED Y TV KD-CEFHEL AT LADIENC, 41+ A28 CERKERZEGTHAVSCE ¥
A7 LERBIRL7:. E0OBRT, PLEBA 4+ OBRE*E_RMUBTHRNTL-ODRE - VA7 L%E
PHETHLILEH-7:. —F, KDORBERES D ZEBEAOINEEIBECEERII OO
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