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Electrochemical understanding of the distribution equilibrium of ions
at an aqueous|organic interaface

Yumi YOsHIDA and Sorin KiHARA™

*Department of Chemistry, Kyoto Institute of Technology, Matsugasaki, Sakyo-ku, Kyoto 606 - 8585
(Received 29 August 2002, Accepted 3 October 2002)

The distribution process of an objective ion (i*") with a-counter ion (x'~) between water (W)
and an organic solution (0O) was assumed as that i** and x*~ transfer at the W|O interface individ-
ually, depending on their own standard Gibbs free energies (AGY) for the transfer from Wto O
and maintaining the electroneutrality of both phases. Also, theoretical equations were derived
for the quantitative expression of the distribution ratios. (D) of ** in both the absence and
presence of a special complexing neutral ligand (Y) in O. The derived equations were com-
posed of AG} of i** and x*”, ion pair formation constants (K;,) of i** with x*~ in Wand O, the sta-
bility constant (Ky) of the complex [(iY,)*"] in Oand Ki, of (iY,)** with x*” in O. The D calculat-
ed using the derived equations and constants such as AG}, K, and Ky, which were determined
with the aid of voltammetry for the transfer of the ion at the W|O interface and conductometry,
agreed well with the D determined experimentally by ion pair extraction. This fact means that
the distribution process assumed in the present work is reasonable. Based on a theoretical con-
sideration of the distribution process mentioned above, a method to determine AGY of highly
hydrophilic metal ions, which could not be determined by previous methods, was proposed.
The D and the selectivity in the distribution (I5;) at the W]O interface were connected quantita-
tively to the potential (Eise) and selectivity coefficient (K[) at an ion selective electrode (ISE) of
the liquid membrane type while taking into account that not only D and I}, but also Fsg and K
could be expressed by using AGY, K. and Ki, when the ISE membrane was regarded as O.

Keywords : aqueous|organic solution interface; distribution equilibrium; Gibbs free energy for
the ion transfer ; ion pair extraction ; ion selective electrode.
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Fig. 1 Distribution processes of ions between Wand O
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Fig. 2 Theoretical relations between distribution
ratios of i* with x_ from Wto O (D), and initial con-
centrations of i’ (C;O) calculated based on Egs. (22)
and (26), respectively

Constants assumed for curve 1: AG?r,; =—-10K] mol™',
AGu.= 35k mol™ ', log Kipixw= 1, log Kipixo= 5.
Constants assumed for curve 2: AGo; = — 10 k] mol™’,

AGY= 35Kk mol ', CY= 1M, log Ky qvp.0= 4, log
Kipivpx.0 = 4. Curves 1-(a), 1-(b) and 2-(c): D; calcu-
lated by using IAGu, + AGYx) as the right-hand side of
Eq. (22), fIAGe; + AGLy) + fiipix0) as the righthand
side of Eq. (22) and fIAGe; + AGe) + fikwavp.0) as the
right-hand side of Eq. (26), respectively.
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Fig. 3 The W|O system investigated in the present
work which contained a hydrophilic cation, (M“, H")
hydrophilic monovalent counter anion, (A”) and
hydrophobic monovalent counter anion, (B™)

Ion pairs were assumed to be form only in O.
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Yiwliw

RUR(14) 2Zx6bEsE, (1) 2185,

1/z
AGen/z+ RTIn(MJ

YmwCmw

=AGYy + RTln(M)
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Yawlaw

=—AGYs - RTln(M‘i"—) (31)

Yewlpw

R (81) 13, o4+ L OFEFEBEICETLTD,
M EH OW, OFRDOFEEA 4 Y iBEOHIZIZ, o4
F DOFEICIZEBERIC, R(32) DOEFENEH B I EER
LTw5.,

In (YH,WCH,W )( YmoCumo )Ul
YuoCho N\ ¥YMmwCmw

=(AGYn —AGOM/2)/RT (32)

OWHELIM R H OBENE, XX 0DRFEE
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Dy = MO

(43)
CM:W

LA oT, K (42),
(44) FEE NS,

(43) #3X(32) IZRRAT B LR

1/z 0 _ 0
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(44)
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5.

3 E A

3.1 &

CH;3(CHy).80s~ (n=5, 6, 7 or 8) ® tetrabutylammo-
nium (TBA®) ¥ {TBA"CHs(CH,),$Os | ¥, 0.1 M
TBA'Cl” (CEEALKE) & 0.1 M Na’ CHs(CH»).SOs~ (K
FALBBY) %i1Z7: W25 TBA' CHs(CH,),SOs” % 1,2-
dichloroethane (DCE) ~fill 35 2 &L X o THEL
7219,

Tetrakis[3,5-bis (trifluoromethyl) phenyl]borate (TFPB™)
? Na'#f1x, Grignard RIBIZ & » TEHEL L™, DCE
T? Na' TFPB L AP DOBEHMEOEZZFIHB L THREL
7219,

H' TFPB™ & Mg’ (TFPB ), % &t 0%, 0.1 M Na’
TFPB Z &L 0% 1 M HeSO, X3 1M MgSO. 2 &4 W
EIRDIBE, OFD Na"% W H id Mg*" L 5§
HZEIZXoTHRRBLE.

Tetraphenylarsonium (TPhAs®) OHiEEE [(TPhAs ),
SO} 1E, WHI® TPhAs" Cl™ % AgeSOs CIHET S 2 &
I2& 5T, Mg* @ tetraphenylborate (TPhB™) & {Mg®"
(TPhB )o} X EEFSDHESC X - THZ.

TPhAs* TPhB, tetraethylammonium (TEA") ¢ TPhB~
& (TEA'TPhB7), bis(triphenylphosphoranylidene)
ammonium (BTPPA*) @ TFPB & (BTPPA'TFPB) iZ,
BLIz B> TR L.

UOs®", NpOy®", PuO,”" DBERBAKBIIZ, &R
2 v (JAERI—U4) , NpOq (CEA, Fontenay-aux-Roses) ,
£RB 7V F=7 L4 (NBS949c) % 1 M HCIO, IR L,
SCHRO TG o TRRE L 72,

Dibenzo-18-crown-6 (DB18C6: HFILEE, No. FCQ02)
FORMYIIE, DBI8C6 & O IZEML, EEKEIERD
BAETHET 2 BME% 3 ERYELTREL..

DCE 23X BRIZTE > THB L*, nitrobenzene (NB) I
EHETNVIFHIAELTHEB L. DCE, NBit, &4

KAGAKU

Vol. 51

(2002)

Fig. 4 Electrolytic cell for voltammetric measure-
ment at the micro W|O interface

1: silver|silver chloride electrode used as a refer-
ence/counter electrode in W;'2: tetraethylammoni-
um ion selective electrode worked as a reference/
counter electrode in O; 3: silicon plate used to fix
polyester film ; 4: polyester film with a microhole

REBRERUERMFHNECHBVLAICEZKE SEIRD
B, AZH8MEE7. DCE, NB DEREEEIX, T
nH10Sem™ ' UTFTHote.

ZoMt, An-REETRTREFBMTH S.

3.2 BRILZFAIE

321 HAEREAFBERILEZ ALY — &4
YD AGL R OFRTO K, DPFEIX, VITIES DEET
HHEBWEAEA A Y BEKR—50 757 4 —ROBNRE
VITIES T4To7:. ¥—50 757 4 —i%, BEHYICNE
LCTiio7:. B/NRME VITIES 12, WTF DX H129T»
72173, .
B WO R, EX 16 pum DKV ZAFIVT 4 L4
BV 7= 32 um O/NLEFIA L TR L™ (Fig. 4
ZR). BVWBRLFEAELVIE, RVTAF VT4V
LAZBTONE WE OICE o THERLED., KVvyES
T LADOWER, R/BELHER (SSE) # WHIZEREL,
R (45) DMK %D TEA™ A + v BIREER (TEAE) %
OHFICERE L TiTo 7.

10°*M

SSE 10°M
(IMLiCl) | TEA*CI” | TEA*TPhB~ (45)
(W] (W] (0]

AFETIE, EX Ol T5 WOEBMELTHEL,
TPhE (23t A Ef# L LTEL7. TPhE L i, TPhAs"
L TPhB D AGL 0% 5 WORIZBWTIELWE T
% tetraphenylarsonium tetraphenylborate (TATB) {&5E™
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BEWX

CEIWTERSNAREBMTHY, AGL=01CHHT
LBATHS (4-1-1 ). HIE 25+05C Tiro 7.
3-2-2 HEXEIERE W, OFDA F UIERE

MABREZHABEANZEICLI > TRBb 7. EVEK
0.1002 cm™' @ Jones BB VA Hv 7. HIEX 25 £
05C TiTo7-.

3-23 1F BRUBEBCLORE K (46) D &

) R OWER ISE (LM-ISE) £V ERA LT, Rk
B (Ws) i DHR, TOARDEZVIZITEJTE2ELHE
@ LM-ISE BiL (Eise), Eiseis Esggy  Erse,gisj) ZillE L2,

10°*M | 10°M | aMi*Cl™
RE; | i*CI™ |i*TFPB™ | and/or | RE¢
and M j*CI”
0.05M (46)
DB18C6
(W) (LM) (Ws)

iTIREMA A Y THY, TTTENaTEBIE LA IR
WHEAF > THY, TZTRHLT, K, Rb"&H& L7
W (LM) ELTHESZ 1em @ NBB#HEHW. Exid,
AEABR (W) FOSBERE (RE) 55 WsH D
LWMEHE (RE) NOBMELTHIELL. SBEEL LT,
SSE # fiwv: 7z, #l%EE 25 £ 05C Tiro 7.

3-3 SECER

CH3(CHy),SOs~ (n=5, 6, 7or8) x4+ &L
TBA'® DCE ~D 5 A EE'Y TiZ, TBA'Cl ¢ %E D Na”
CH;s(CHy),.S0s” (a@=1) #&% W10 ml % DCE 10 ml &
1R Y RE%, EO58ICE o THAREL, M
D TBA 2 E&R L7, WHO TBATBE X, dipicrylami-
nate (DPA™) @ Na'#E% SEFHHO WITBEEM 2
DCE LIRDVIBEH I LIZL - T, WH® TBA™ % DCE i
W L7, DCE #® DPA” DWFE%* 417 nm THRIZE L
THELZ. DCE H#® TBA' X, FEE##% D DCE %8
FHEDONa' DPA 2 5L WERDIRY, DCEH D
CH;s(CH»),.SOs % DPA™ L & L 7:7%, DCE *H® DPA™ D
EHEZBELTHRELS., T2 T, Na'DPA"DATII,
DPA™IZ WH S DCENFGELAWI L ZHERL TV 5.

Picrate (Pic”™) 204 A LTV AVERA A O
DB18C6 * & ONDHFEREE'YTiE, H'Pic LTV A
JERA A v OKBEILWE &L W10ml 2, DBI8C6 2 &
& DCE 10 ml & 1 iR D RE 2%, HLODEEICL - T
ML, MEFOTLHAVERIF L PicxERL
72, EREICOWTIE, BEHYPICIEE 7.

BEURBRTOBRKEEEA F > M7 (Mg®", U0,
NpO:**, PuOy’’) ® NB ~DOFERERIZBVTIE, M

HH, RE 44 2 OKE | HBAM SR OB LM ER 1109

(ClOs7). & 0.01 M BEFEE2 &L W10 ml % H TFPB~
&L NB 10ml & 1 FfER Y BE /2%, HOTHICL -
THASEELZ. NBHOM L HOERIIYE - T3,
CHONB%202MTEA'ClI 2 &L WEIRYRY, who
TEA" EX|EGBETEICL o T M E H % WIS
L7=. Mg™"id ICP BH5HAH i, UO." "I arsenazo 111
FROBEREEICL o TER L. NpOy'' it HyO
2L o TRT LA NpO." & LT 980 nm ORI % il
EFELTERLZ. 28, MOSBEERTIX, BKENFE
A+ ELTCO, EHYTWS, Thi, M & 8Kl
KA A L DEEREBITE7-DTH S,
TRTOSEEERIT 25+ 0.5C THTo 7.

4 HRLZHR

4-1 HEATMAABEENLZ AN —IZED1F
CBEBBEHRIXILXY—-ORE

A% Y OBWBSEFHE % Fig. 1| BHE b (> THBET
72, iTEXTDOAGIR K ERBEL SR TER
5%, ARFFETIX, VITIES 2 o THHEA 4~ D AG)
rHEL.

JE4E, VITIES R Tid, HEMN LG RIEITHLI
72RO HEKT upm OBUNRE THIE T 5 MR E
VITIES DR THA. REkiX, OREkoRE (BEE1~
10 mm) DOBFEEHBL T, RE%HN 2 EBIHHIBIBIC
MEW, HIERICEI B —2FETHNEVOT, W
b5V OFOIREREBREIFTETHoTH, K
YET T LDOUENTETH D, @ MIRTTOLF >~

| BBERE, 44 ORELRICERSND 0, BED

B, @ EEREBICLS I TORMNEY, DM
FOY. RFFETIE, WRREA A Y BHR-—F07F
7 4 — LN VITIES 28 L T AGL ZHREL 7. L
T, #/NFRIE VITIES 26l & LT AGE DREIZOWVTENR
5.

4-1°1 AG,=0IZHYTHELMORE  VITIES IZ &
% AGS DEMEIIZ %47z 5 Tid, TPhAs" & TPhB ® AGS #*
Wb WORICBWTHHELWET S TATB RE™
#£SNWT,

AG 1phas = AGL1ens (47)

AGL=0 4T 2 HEEMN (TPhE) 2 REb o7/, U
T, Figs. 5, 6 ISR TERXMNLRNVSET T L2 EHWL%
A5 TPhE thEHZHHHT 5.

FAWE ODTMIZETNS L &, Fig. 5 HI# 3 IR
TEHIZ, PO WHL ONDBBERTRLVIES T AL
(Hi#1) R OD S WADBBIZRTELVSIES T A
(B 2) Lo THERINIZBEERVIES T LHHES

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

1110 . BUNSEKI KAGAKU Vol. 51 (2002)
Eicous. TPhE) = E? + ZL | Y16Gio_ (49)
< F YiwGw
c
h Er=o(us. Ewr) 1, R(50) &% 5.
RT . vi0G _
0 = o0 Y7 1,0%4,0
EIVvs. Eq Eio(vs. Erer) = E7' + - n —‘}’i,wCi,w +TPhE(us. E.r) (50)

ZZT, Y ColdalPOHEEEAS 4+ OFERFRER
CIREZIRT.

ARG PHAE i A+~ (A:B orB) &
1:nDAF % (A n=12|z)) 2ERT L X,
Fig. 5 Schematic ion transfer voltammograms at the Ciold O 72 v BEMFHEOBRE (Clo &R(53)

micro W|O interface LA T
Curves 1, 2 and 3 are voltammograms for the transfer

of i (z21) from Wto O, that from O to W and the
composite voltammogram consisted of curve 1 and 2, o + A0 T— i"As0 (51)
respectively. .,
Kipiano = iAn,o/{(}’i,oCi,o) (Ya.0Ca0) } (52)
Co= CiT‘o (1 + zKip,iAn,OYi,O’y::‘OC:,o) (53)
< 1 2 3 4
< ; TPhAs"TPhB % & & O & (TPhAs").S0. ™ X ik Mg*”
- ! - A 3 + -
TPhE vs. E (TPh§ e EL WEORMET, TPhAs" & TPhB™ O
_ lo . BERVSETILZMELIZEE, TREND Eio(us.
0 ol S > S -
EIVvs Ey, Eep) &, R(0) ZHWTZERZENRRA(54), (55) DX

IZFk¥ESH., 2T, TPhAs'E TPhB 2 O T1:1 (n=
1) D4F U E2HEKTEERELTNS,

1
1
1
[
!
H T
¥ 1PrasoCrphaso

5 RT
Eicotphas(vs. Erer) = Efphas + ——1In
. YrPhaswCrphasw

Fig. 6 Determination of TPhE and AGY,; based on RT
+ T In(1+ Kip,TPhAsTph&o}’TPhAs,o’YTPhB,oCTPhB,o)

Ei=o of composite voltammograns for ion transfers at

the micro W|O interface +TPhE(us. Ever) (54)

Curves 1, 2 and 3: schematic composite voltammo- RT cr

grams for transfers of TPhAs”, TPhB ™ and i*; Curves 4 Eico o0 (0S. Ever) = E%ng — —n 1 L TPhBOCTPREO

and 5: voltammograms for transfers of Mg2+ and i F o yreswCrensw

SO4*" coexisted with TPhAs* and TPhB™ in W BT (14 Koy ronastrnnoY emsoY n0Crrmaso)
+TPhE(us. Erer) (55)

Neb., TR, 221 DHEEZRLTNS. ZOEAR RK(47) TREND TATBIREX, K (14) DOBRE A

VI ETTLADVEME (Bifi=008) 2#IsLEx0E A UDOBEMEEZEED L,
MNEVYOBREN (Ei-0) . E-2b58RBEE
(ref) ZHWVWTHIELZ & &, ref ® TPhE 239 5 ElL Efphas = —Efpns

R Eabl35E, E-o(vs. E) 1, (48) &% 5.

(56)

L7z, OWIZiX TPhAs' TPhB 23FEHET A DT, Cronmso
(48) X Crenpo EH LV, L7225 C, TPhAs' & TPhB DR
BRIV ET T LD E-o(vs. Ewr) DH . (Fig. 6 B)

A% 2 i*\ZBF % Ei-o(vs. TPhE) 13 (49) THEE I3 7%, TPhE (%49 5.
@T31)~3S),

Ei—o(vs. Erer) = Eizo(vs. TPhE) + TPhE(us. E..r)

1
TPhE(us. E.s) = E{EI=O,TPhAs(Us- Erer) + Erco1ena(vs. Eres )}
(57)
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BERX HH, KE 44 okl | HEAENSERFEHOBLAILFEOER 1111
Table 1 Standard Gibbs free energies for transfers of various ions from Wto O, AGY, and stability constants,
K iosisce).0, Of the complex of i with DB18C6 determined by VITIES
0 0
fon (i:) GC:]:;]B—/I ﬁ]c';;r;(;i/l log K. vsisce) . log Kg-.(il)ﬂlsco).qu
H* 33 53
Li' 29.8 63.0 5.0 8.3
Na* 26.8 63.9 7.1 9.4
K" 15.7 58.5 6.9 10.5
Rb* 12.4 51.8 5.7 8.8
TBA® -19.2
TPhAs” - 34 -32
Mg 64 114
CH3(CH2)sSOs™ 30.8
CH3(CHo)6SOs ™ 27.5
CH;(CH2):SOs~ 24
CHjs(CH)sSOs ™ 20.8
Pic” 2.9 2.2
TPhB~ —34 -32

NB : nitrobenzene ; DCE : 1,2-dichloroethane

Fig. 6 D% 1, 21, 107°M TPhAs" TPhB™ % & NB
& 107’ M (TPhAs™),SO,*” X i3 Mg** (TPhB ) 2 & W
L ORETHIZE L7z TPhAs® & TPhB™ ® W|NB REBE #*
RITEAWLEERNVIESTSLTHSE. i ref i,
TEAE TH 5. M4 & 513, FhZh whicET 3
Mg’ & SO D WH S ONOBENSERT 2Rk ER L
H&ETHTHA. TPhAs" & TPhB (ZBI$ % E\-o(vs. Ereac)
&, M4, 5ETFTERTVBEDOT, WHRIZHET S
Mg®" & %\ id SO D BA Z1F %\, TPhAs" & TPhB~
DENEIET T LD Ei=o(vs. Freac) DHEMN S, TPhE i
WINB % T3 — 0.05 V(us. Ereae) TH 5 S LB G H o 7z
FH 2 RIEORR, WIDCEFR® TPhE (X 0.04 V(vs. Erear)
ThHo-.

4-1-2 HRFAEBERILFI A M) -TRO-EEA
LD AGL RV K, FHA A D AG L, WORE
TOHHAF DO WhH ONDOBEE Oh 5 wADH
BERITEERNT TS T LD E -o(vs. Brear) 5 R D
272, ThbbH, E-o(vs. Erear) & 4-1:1 THE7: TPhE (us.
Erear) 230(00) ICRALTE ZRAFEL Y, 2h% AG
KRB LA, T/, K BREREEEMNEIZL - TV, y
(3 3L5R Debye-Hiickel RIZ & > TRAED o 7. Table 112,
FEHA T VIOV TE oMoKD AGLZTEDTD
5.

—%, ORTHODBISC6 ETNVAVERAF VDK, %
i3 %7912, O @ DBI8C6 IZRE SN/ T VA Y
ERAA O WORBBALVIEYSa%HEL.
DB18C6 (RS /2T VA ) B A 4 >~ D wio E#BE)
R TH o 7. '

OPICHAET AHPUBRMTFYILRESKATVA)ER
A2 (") O wh o oNOBEIE 0h 5 WADBE)IC
Lo THRINABEERNI TS S5 LD E -o(vs. Ewr) 13,

A (58) TREND™O™, AW, OhDi"DBELDY
KBET, K (1Y) D KgpoTHicKEVWEE, X
(58) 1IN T 5.

RT }';()CiT() RT
Eico(us. Ever) = E? + —In222% — ——In(Ky iy 0C?h
1=0(Us £) o n’J/i,wCi,w F n( (iYp).0 y)

RT
“F In(1+ Kipivpys.oCoYioYso) + TPhE(vs. Eer) .
(58)

I T, Kpapsold, (iY) & B DA F rAERERK
THb. ERL E-o(vs. Erear), i D AGe (=FE), &
SIEEERETERKD 2 Kpavpso 2R (58) ITRALT
Kavpo 2RO 7z, DBISC6 IZRE S N i OBEIR NV S
ES T LD E - (vs Erear) 1, CY ORIV 0.06V
BB L72DT, 1: 14844k {(iDB18C6) | AR
Br#xrl. &Hi" L DBISC6 & D Kywpod Table 112
RLTHA.

4-2 BRLEMICREEI N, AGh;, AG:,, K. RV
Ky, ERAWA F > O EHROTFAR

2 BTHRAERIC, VITIES TEHI L7 AGh;, AGh,,
K RUBREEEANEECERMLA K, ERALT, WO
MDA A DD %KD, ChEeEAEXRBELA. SR
HoOFTEICHW-EEIE, Table 1, 21T L Db DT
b5,

4:2'1 CHs(CH,),SOs &34 #+ > & ¥ 3 TBATDHE "™
PUBRMETFHIFELZVBEOA X Y OFROBELT,
CHs(CH»),S0s” (n=5, 6, 7or8) =xA4F &Lz
TBA'® WIDCERI TOZEREMEF L. ST, aldl
& L7:. Fig. 742, X (20) TEZL 7 log ADres) % log
Clusccnnsos DB ELTFEY FLTHB. —F, EXR
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Table 2 Ion pair formation constants, Ki,, in Wand
O determined by conductometry

Salts Kosa/o - Kivar/ - K/
TBA"* CH3(CHg)5SOs~ 5600 <10
TBA" CH3(CH3)6SOs~ 5500 <10
TBA" CH3(CHa)7SOs”~ 5500 <10
TBA” CHs(CHy)sSOs~ 5300 <10
Li* Pic” <10
Na'Pic” <10
K’ Pic” <10
Rb" Pic” <10
(LiDB18C6) " Pic” 540 37000
(NaDB18C6) *Pic” ¥ 20 40000
(KDB18C6) " Pic™ ¥ 80 76000
(RbDB18C6) * Pic™ 80 17000
Mg’ TFPB™ ” 480 15000
H TFPB~ <10 560
TPhAs' TPhB~ <10 600

a) (iDB18C6)": a complex of i* with dibenzo-18-crown-6; b)
Mg** formed only a 1 : 1 ion pair with TFPB™, Mg* " TFPB™,
in O.

ILZENFETEN LAEHK (Table 1, 2) 23(22) 1248
ALT, B4 % Ceusconmnsos TD fiDma) ZEHL, TO
MR%E Fig. TICEM1~4TRLZ., T0LE, yid,
Debye-Hiickel RUCIZH L 72 BURFTEIC L > TRED o 7.
hboDERI, Fig. 1BEbZRELCEHEINRL
f(Dres) THEH, EBRMELBOTIL—HLTWS. &
DI, AHETIRE LB b A, 44 v DOFEF
BOHPIIEHBTHL I LERET S,

TVENT VEZT LA T TR NAH VKB
A4, TURNANK B F AP DRBIZ BT,
BogA v Nidd A4 A OENVEEEHBEEEH (K
DEMBEMRICH B LS, BOPOMREIN—TIZL > T
BRI hTwa, Pz, AKRS™iE, —MlEAF
WX B—fifE A 4 v iTOHMMO K, EiT L x OHHEED
RETHS CE, AEZHVTEL,

logKe.=C+ A (59)

CHs(CHy).SOs % Wbz ook a~Hi{§ 5 & &,
AfHIZR(60) THAOLNBELBRTWVS,

A=0.59n—-9.08 (60)

K (60) DEFKIE, B L OSEBELSHEICB L,
ROXHICHEHBTEL, RQ2) &, W, oOWMHPTO
A F YHERPSEHRTE, WHPTO yH»H 1T, a=10
L&, KD DEHICERTES.

InD? =2.30log D? = —(AGY; + AGL..)/RT (61)

KAGAKU Vol. 51 (2002)
3 —~ -
2 L
1
-~ 4
@
Q o
g 2
1t
[ ]
2t
3 . -~ " 2
4 -3 -2 -1

0
Iog C"cyiyichapsos

Fig. 7 Dependence of log f(Drsa) observed by the
distribution of TBA" with CHs(CHs),.SOs~ from W to
DCE on initial concentrations of CH3(CH,),.SOs"
(Clus(crz)ns03)

Ratio of the concentration of CHs(CH»),SOs™ to that
of TBA® () was assumed as unity. The number of
CH; (n) in CH3(CH,),S0; : @ 5, v 6, H 7, @ 8.
Curves 1, 2, 3 and 4: log f(Drsa) caluculated theoreti-
cally for n =5, 6, 7 and 8, respectively, by using Eq.
(22) with the constants in Tables 1 and 2 obtained by
electrochemical methods.

L7z2h-> T, R(59) @ CliL AR ZhZN-AG/
RTE —AGL/RTEEZ B ENTES. CHs(CHy),SOs
DO W 7auakVABOAG) 1, -CH- 25—2¥INT %
WV 34K mol ' AT A, THZ Lk, -CH- D
n— DML EIC AEA 25C T 3.4k mol” '/
2.30RT= 059 M5B L%y, RK(B9), (60) DR
EHEE b IV HITHIIERTELIEEZRLTVA.

4°2:2 Pic ZXMAALETBITPIAVEEAT D
DBI8C6 2 2L O NDAE'™®  Figs. 8, 91J1d, Pic %
HAF P ELTTVANVERBAA Y (7)) & Whb
DB18C6 % &¢r NB XiZ DCE~GE3ELL B oA
log fiD)) % log Ca PEAFELTFUY FLTHB. D
FERERIE, P Chi LWV KBHTHEEHT (a=
0.0099~0.05) TiT-7z. —F, BRAFERIZERH S
EF (Table 1, 2) %3 (26) IZRALT, B4 % G T
D AD) EFMEHICEE L. TDE &, yid Debye-
Hiickel N Z FHICHEBEHEICL - TRHEL - 72 R %,
Fig. 8, 9WCERTRLTH 5. Fig. 1 BHEDLEZRELT
RSN AD) L EBREIIED T —H L.

WINB R T#R7: log AD:) & WIDCERDZh & % BT
&, TVMAVERAF D O~NDFERIE, WINBFRODIZ
IVKEWIENGAB. LAL, Table 1, 2 THHS
P LI, Kio® Kpold, DCEHFDIT)HKEL, —
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4 4
2l 1 21
2
~ 0 F —_ 0 I 1
=) 3 S A
o o
2 Hi o 2 ‘ 2
oo o o o ¢ M
4
4T 4 2 e o e—®
4
-6 . -6 .
-4 3 -2 5 4 -3
log C%;c log C%;,

Fig. 8 Dependence of log fiD;) for alkali metal ions,
i" [i": K* (¥),Rb" (¥), Na” (O) or Li" (@)] be-
tween Wand NB on initial concentrations of Pic~ (Cpc)

D; were obtained by the distribution of i* between W,
containing 0.02 M i"OH™ and various Ch, and NB
containing 0.01 M DB18C6. Curves 1,2, 3 and 4: log
/(D)) calculated theoretically for K, Rb*, Na* and Li",
respectively, by using Eq. (26) with the constants in
Tables 1 and 2 determined by electrochemical meth-
ods.

RWIDCEFZDIZH) N4+ Y OFBRIEHTHS. IZdH»
PhOF, WINBRD ONDHFERAKEVEBIE, T
V&B/A F » D NB RU DCE ~D AG) DEIZdH 5. Table
1D Na' D AG), % WINBRE WIDCERIZDOWTHET
&, b 37k mol ' LDE, T4bb log
fID) CHRELTO6ULEDEND S, Kio KpoDZEDS,
log iD) WC|BELTENEN 23, 3B3LUTTHBI L L
KRB E, A4 7DAC,DHFEICHT2HFSIIIFEFICK
EVIEDGhDE. A4l TiR, FEROKELEH
BERZHAVL EHBEIBL DI ENFHON TV S,
CHELBERIZ, EBRDOX I, AGLHNEL 2B,
CFhbb, A UNECERBEMINE P LTHELEE
Abhb.

43 SEAFHETOHRKMEC A DPE

SYEIAFRAFY, TOF N4 TR EDBOTH
KEDECEEA F Y EBEBICNKFETHDT, Thoo
BA A v 2 RBEPICREICED-DICIE, H 2HFS
TR uE e owv. L7cdtoT, WoHBEIZBW T,
BAREBA A DO WHS O~NDOBEEFEIC H OSE
PELD. 2070, ERISHEVSATVS AG Dk
EiE (BREDE, FEREMMERE, VITIES %2 &) (&8
T&RWV, ZTR, BAEBAA 23 TEL, H'D

Fig. 9 Dependence of log fiD;) for alkali metal ions,
i" i K" (%), Rb* (¥), Na* (O) or Li" (@)] be-
tween Wand DCE on initial concentrations of Pic”, Chc

D; were obtained by the distribution of i’ between W,
containing 0.02 M i"OH™ and various Che, and DCE
containing 0.01 M DB18C6. Curves 1, 2, 3 and 4: log
fID;) calculated theoretically for K*, Rb*, Na” and Li",
respectively, by using Eq. (26) with the constants in
Tables 1 and 2 determined by electrochemical meth-
ods.

FEFICTELT 535S DBKER A 4 DOHSEFHE TV T
ERL, TORBRBLEIOILHAYEA F VD AG, DRE
HEREL L.

4-31 Mg*"& H'PRBICHET £ 20 Mgt D%
BETEH'” 22T, ZHOBAF o HHVIIEA %~
PEETLHEOFBRFEHLEZELE L. T Tk, Mg,
H' O 2O 4V 2SFERICHERT 5 & & D Mg* OFE
P, BERmNEEOFEEZR.

107> M Mg(ClOs): & 0.01 M HCIO, 2 &tr W E Bk 4 72
BB D H TFPB~ (CgTFPB,O) rEtotx 1 EBHIED IR
ek, wi, OFDO Mg L H' 2 EEL T Dy, Du%
Rd7z. WINBFRR U WIDCE R Ti872 log Dvg'/?, log Du,
log (Dvg'*/Dy) % Chireeno PBIBLE LT Figs. 10, 11 1278
T. FERFOEMIE, Table 1, 2D AG) & K, &3 (40)
WCRRAL T log (Dvg?/Dy) RETHLABRERLTVS.
EiflfE & FHEMEIE WINBR, WIDCERFIZI -T2
DT, R(40) BRYETHHEEZOND. Clrreso VM
T3 &, log Dug'/* & log Dy i3I T % A%, log
(Dwg’?/Du) B—EHBVIEDTIITHMT 2. log
(Dvg'?/Du) I Mg L H'EDAGLDEE KpoDEER
L, ¥l (Dy'?/Dy) & Mg* TFPB™ & H'
TFPB ® Ko NPEICERT 5. %&b, A (40) IT7RTHE
2, ESEDA 4 DB FERTAHETORILTS.
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-4 -3 -2 -1 0

0
log Cytrea.NB

Fig. 10 Dependences of log D" for Mg2+ (O) or H'
(&) and log (DMg1/2/DH) (@) on the initial concentra-
tion of H  TFPB~ (Chreee.ns) added in NB

The results obtained by shaking W containing 10”° M
Mg(ClO4)2 + 0.01 M HCIO4 with NB containing 107°
to 0.1 M H TFPB™. Solid line: log (Dwmg"?/Du) cal-
culated theoretically by using Eq. (40) with the con-
stants in Tables 1 and 2 determined by electrochemi-
cal methods.

2 2
340 1,8
o > N
= A O 3
2 L A - <

0 0
Nt’ a © S
—Q .".”8_’9‘./. ,o_:
¥4+ A 4-1 =
o o ®

O
_2 ] i 1 -2
-4 -3 -2 -1 0
0
log C \irepa.ncE
Fig. 11 Dependences of log D"* for Mg** (O) or H”

(2) and log (Dwg”?/Dy) (@) on the initial concentra-
tion of H' TFPB~, Ciirees,nc; added in DCE

The results obtained by shaking W containing 10™° M
Mg(ClO4): + 0.01 M HCIO, with DCE containing 10>
to 0.05 M H' TFPB™. Solid line: log (Dwg"?/Du) cal-
culated theoretically by using Eq. (40) with the con-
stants in Tables 1 and 2 obtained by electrochemical
methods.

4:3°2 BAMAF>DAG. DRE  4-3°1 THX/
HEXHEZE B THhE, SHEOAF VPG5 ERTBHRT
HoTh, BWAF DO DE AGLEHHENDEBBA X DD
EERHBTAILIZEoT, BRAF VD AGLZRET
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Fig. 12 Dependences of log (Dum'*/Du) for actinyl
ions, M*" {M*": UOs*" (O), PuOy*" (@) or NpOy**
(&)}, on the initial concentration of H® TFPB ™,
Clireen g, added in NB

The results obtained by shaking W containing 2 X 107°
M M*"(ClO,7), + 0.01 M HCIO, with NB containing
2x107%t0 0.1 M H TFPB".

Table 3 Standard Gibbs free energies for transfers of
actinyl ions, M**, from W to NB, AG.u,
determined based on distribution method

M AGY /K] mol ™
U0y 727
NpO.** 60"
PuO;”* 687

a) AG?,,M were calculated based on log (DMI/‘/DH) in Fig. 12
by using AGan (33 k] mol™") estimated by VITIES.

EBIElhD. TITHE, AGBMOBEA A L
TH %2, BOTHRKHEA Y (M) D AG, DR
E &AM,

M ELT, 77F =4 % 2 (U0, NpOy*', PuO,’")
ZEAT, O WINB BB ZHRL. SERERTIE,
2x107°M M** (ClO, 7). & 0.01 M HCIO, 2 & W% 2 X
107°~0.1M H'TFPB™ %2 &% NB & 1 B{R ) RE 7.
COEERTIE, FEBIHEDO WO pH A 33 UTICh s X
JWpH L, M7 OMKGHEL BT 7=,

UO."", NpOs®", PuO IZ2WT, EH#LA DA 5K
¥ 7= log (Du'”*/Du) % log Crreesns (23 LT Fig. 12127
Oy kL7, log (Du'*/Du) % Chrrevsne OIEHMNH L TIZ
Z—EEERT L, /2, NBHD H TFPB™ D K, #*
IOUTFTTHBI ENS, NBHFTH U0, NpOy*',
PuO,’ & TFPB & DA F Y IHAERIZERL D 52 L2555
75, HDOAGL R (44) ZHVTHRE L UOYT,
NpOs®*, PuO®" ® AGy % Table 32T L HTH 3.

UO,", NpO®*, PuO ™ AGY I, EWIZEML,
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Mg* ® AG:, (64kJmol™") & b E k] mol™ K&,

4-4 BERBA A BRMEBEERGE 1 F - ORFIECH
LM-ISE @ Ejse 21, WILMRHETOA 4+ X BEIHE <
hbb. i, 4AFOFEFHL WORHETOA A
YBENC Lo GERENS. LA o T, LMISEfE% O
L R72E, LM-ISE OBMRLERME L 1 4 OB 7E
HR BB 2 ERY L OBICHRVHEBPRW ¢ 51
TThHAH. BE, LMISEIIHTEL L DRILT, FEROD
BEIRME & LMIISE OFBIRMICIZHENH B Z LAl Ehn
T3, LaL, Ex?dDELEEMCERMITISERTY
B5EI3EA RV, FOEMREIE, DR LMISE Eff = EFEIC
KETLHEBRIAT T TholzdTHAB,. ZZTWE, D

& Ese EOBFREEENICHEL .

441 1FBRUEEEEMEI A BEHBRI RN
¥F—tDBFE Exid, IMEAL: W & WllIFAS
N7: 2 KOBREB (RE;, REs) BT, EiREZME I
(YOBRT) MEShHFHEEMTHL., —KIZ, Ws
PEHBAA Y (7)) EXFEAFY () 2ELLEDEs
(Eseogl &, ROXIBEVRTRAIES NS,

RE, | i* |i"+Y+B" |i"+j" | REs
‘ LEwm_M,i—' LELMIWS.(i-f_j)J |
Eisg i4j)

ZIT, BT, Y, TRENBUKEREAS 4 v, Bkt
FHEREMTFEZRYT. T RTJIILMHPTY & 1: psk
IGY,) ", (GY) ' &KL, (1Y), (Y, ®—#Bik, B~
44 vnt {(Y,)B, (jY,)Bl #&ERTHEEZS.

LM &2 A L7cA 4 BB L BB OBRICE Y 585"
I, IMPT+SLBECEREXEUCHE, ol
LM Z 8] 2 BHRAED T/hEVWE, REMIIRERICE
INZ00 WIMRHTOEMEOMTRINSLZ L
PHALPIC R oTDS. Espay PHIER, LM 258
HAEBDTIEL LTI DT, Eseap i, WILMRE
BALE (EwuLM,i) L LMleﬁﬁgfi% (ELM|WS,(i+j)) D
E% 5.

Eiseivjy = Ewyn; + ELM]HS,(i+_j) (63)

SHIl €2 72 3 s h [hs AL L
Eise a4 DME T, Eypumi & T HY, 17 OWHS

LMNDORBEE LM 25 WANDOBBZRTESRLVS €
TIADE -, THAHDT, R((0) ERBIIESNS.

BHH, KK : A4 0k | HRAMTEFN ORI FHERR 1115

RT . ¥imCi 1
8y Liwbim + RT In (Ksl,(i\'p).LMcgp)

F A i=—Eio+
i F '}’i.l.MCiTl.M F

RT
+T In(1+ Kipivp)BmCoim¥itmYeim) (64)

=%, Emwsap &, TR0 We s LM ANOBEN &
TDLM DD WsNOBBERTEERLVSES T LICH
7% Ei=0 &% 5. Emusay PERIXOFBEIIOVWTOFE
HIZEESOOTINIER B AT, Eimpws. oy 13 (65) TEIh
5. :

1/2
Evmpws +j) = E’ — ﬂln {(&](ﬂ) }
F Yavpm N Hivs

RT
- T In (Kg,(n’p).LMC\O(P)

RT
- T In (Kip,(wp)B.LMCB_LM YiLmYBIM)

2 1/2
-Ezm¥U£Lﬁ§L+ (65)
F 2

. 172 c _ 172 C.
A= Hiwns 1T.Ms + Hijvs JT,ws _1lg (66)
Him Ciim Him Ciim
B= (/’Li,HS )I/2 C;L“S +(/~‘j‘ns ]1/2 Cj{_ws 0 67)
Hiim Ciim Him Ciim

UiwstE Ws RO i" IR, pmam T LM H D (iY,) " &
(Y, "B  OFHILHAEERT. Clmid, IM PO i B
ICEHOERETH 5.

01, i" KU D WILM RETD AGy, Ko, FHHOD
FELINTGA—5—Tdh5.

172
0= HiwsHjim ) Y imsY o) am Ko vp) Lv
Hiwstiim YiwsY Gyp)M Kst,(h'p),LM

Xexp{R—lT(AGPU- ~A63,j)} (68)

CIT, IMPIHEETAYDBRE QIE, CimihiBd
FHTHY, LMFBD (iY,) " DEERER (Kuvpum) 3T
SIZKEL, W, LMFBDAF U ERIIERTE S LK
EFELTWA. £/, LIMOBERMPEZER2/-DB ICH
THEEED CamiT ClmEHE L. LHoT, R
(63) 12X (64), (65) #MRRAT B L, Eseay ZTETRH
Bons.

1/2
Eisg givjy = gzln (__}’i,w: J(—C;'m )(-——# W5 )
F Yius A\ Gim N\ Hiim
RT {A+uﬁ+43y”}

AR 5 (69)

F

Wsd*i" iz j" DA EEGUHED Ese DRI, R (69)
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1 1 1 L 1 L

-7 6 5-4-3-2-1 0 1

" 10g 7NaCrnawsOrlog 7iCius

Fig. 13 Potentials of Na'-ISE as Eq. (46) in which Ws
contains various activities of i" (Na+), YiwsCi us, Orj)r
(Li", K" orRb"), %1usCims

B (X'), ® (Rb'), @ (Na'), A (Li"): obtained
experimentally; Curves 1, 2, 3 and 4: calculated based
on Eq. (69)

TENEFN Cuws XL Ciws BT ETHI LIZE o THE
TE 5D, FORICOVTIEHROIZHES.

10°M Na" &8 NB % LM &£ ¥ 5 Na'-ISE {3 (46)
ZH} 2L LT, UT, Wi Xidj  OAh%Ei- i
B THE L7 Esena Eisgg IC2W T~ 5. Fig. 13
Wi, WedSiTE LT Na @&, Xidj" e LT Na"ofkb
D7 VA Y EBA 4+~ (Li', K, Rb') O—o%
Btk XIZEHEI N Eisenay  Eisgy , WsHDA D
HE (y0) oKL LTCTay P LTHS. Nicolsky-
Eisenman R2 & Ui, Na™-ISE I3, YnawsCnaws DA% 5
F YwsCiws 12X LT H Nernst [GET 2T TH B4, £
BRI 75,wsCiws 12X LIE Nernst INEEZRTHEVD 5.

FICRTAIREE, ZoDF AL FIIHTBIENTE S,
=}, K, ROIIEOWTHEBENEHETH S (Type
A). YwsCiws D10 *MUTDELE, Esej idF LERD
Na" TR OND Egena EILVWEMERL, log ¥iwsCiws D
BmE &b, HX 0059V DOERERLENSIBET S
(H#1E 2). LAaL, ¥wCwsh 5X 107 A5 2%
10°M O, 455, pusCiws LM FD Na" iBE I
HWEE, Esgi 3 KELSEAL, SFROEELRT.
YiwsCws D2 X 10 MU ED & &, Egyid, FLERD
Na" THEOLND Egena LD DIEBMT, BUMHEE 0059V
DEBEFRLEDSSIBETS. ik, LiTlcowTHE
ENBEHETHS (Type B). HI# 4 TRT L IS, Ense
BECHEREDO N2 " THROND Egrn £ 0 DREBMZRT.
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Table 4 Parameters in the theoretical equation of
Ese [Eq. (69)], 6, selectivity coefficients eval-
uated by distribution method, I'k.;, and
those observed at the Na*-ISE of Eq. (46),
) ¢on
Ton (j ) 2} Tuaj KES(sep)® KR (fix)®
Li 23%x107° 26%x107° 26x107° 25x107°
K 55 60 50 50
Rb* 13 14 13 13

a) Determined from Eisgna and Eisgj at YusCus = 0.1 M by sepa-
rate solution method (see, Fig. 13); b) Determined from
Eisg 4y by fixed solution method (see, ref 26)

YiwsCuws BS10°° 5 5X 10 °M D E &, log ¥wsCjws DI
MeEEDBIZ0059V LD RBETIREL 2P SEL
T5. $wCuwsBFOIMBEEIZRSE, E0.059VDHE
mrol.

—7, E#iE, Table 10i" (Na*) &j° (Li*, K,
Rb") D AG: & Kyne 30 (69) 12X A LEME L 72 Na*-ISE
D Esx THAH. ZT2T, Wi, LM, Ws DRI (46) D
EVKERUTHEE L. TIT, Weld, i"Xidj o
AEEGELHETHS. T, LM (NBHEE) hTo
(iDB18C6) " X% (jDB18C6)* & TFPB DA A »3HA kI
ERTELILIEFHOPULDEREEEIZL > THEIOT
H5B. Piws, Wjws \ELERMED %, Laosisce vy Lipsisce) um
13 NB #1® DB18C6 DILHAREC" L FAk L L7z, sHEMEI,
Type A THo>Th TypeB ThoTHERMBEE L —HKL
7=, :

Escld, EELTWs, LMFDi"L jOBEEL 0ICL
STHREZND. Table 4121%, Table 1 D% HW T
HL720%RY. Type AlLBT 54+ ViZonTiz o>
1, Type BIZBT A4 4V IZo0nTIE <1 THHI LI
HOTHE, bbb, Na" &b d LMABEHLLTW
K', Rb' i Type ADIEE%, Na' kDb LMABELIZ
W LT Type B DIGE % RT.

4:4-2 SHEHRERVES T RIRMEESEEO T
4-4-1 TlX, AGY, Kuo, WMHFDO uoBREND 6%
Huohid, B2 FHTELZZE2RLE. —FH, 414>~
DHBRERDPSBONS DD AG, KoTTFHTELN
O, DEFEBIILCEe 2 FHITH5ILHBTES.

OIi"RBj LM SEERTHYRFMLAL &,
AD) &, H(26) TERINZAS, 14 R L VS
BT (HHBE, SFERARERS: Fig 2HRIVO
ZfF) TIER(26) D IAGY; + AGLy) & fikaawpo) TRE
ha. TOFEBTO AD)/AD) A F VBEIKELET
—EE%D, INEAF UVOBEBSEICBT B BIREE
() tERTHE, KX(23), (26), (27) » 5 ;idX
(70) TERINB.
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;= f(D)/f(D)

_[ YiwYioKavyo { 1 0 0 }
- €x A(;lr.i - AC;lr,' (70)
(Yi.ij,oKs.,(iv),o ] P RT ( J

R (68), (70) XV, E #WET S 01, HMHbDi*
LR E 2B OERFESE LV ERET L, 4
F Y OWBESBICHBTS L ER(71) OEBICHL L
MahD.

172 ‘
e=(—“"“5“i-’“] T (71)
Hiwnstirm
ZIT, SHOIMLFERLE jTtFEOMEBAIITE L
WEIRETES%L S, 03T L& MiTd 5.

0=r3; (72)

Fig. 8IIR L DBERBROERE, X (70) 2HVWTH
Mbo/ ;% Table 4 12F &7, iTfbgfE by
DIHERBIZF LV ERE L. Ljid, AG, Kuu? b
REb o720 &1FIZ—FK L7

LEDHERIZ, 60RbYIZ L, BHEPTO U £H
DAF VIREEZR(69) ITRATHIE, Es ¥ BBWICT
WTEBHZELEERLTWS, 22T, HHTREZ LI,
K (70) TRUA GiADERERTHVZSA 4 v IcBlT
LEREEILRVIE, ThROLSBRERTHV I/ 4
YHISERRRCH 24+ Y ERBBHAETY, L%
ISE DBBIRERBMLOFANCHNELZ L TH 2.

14°4°3 AFORBAEORIRMEE 1+ 2RI BT
B DRRM LM-ISE O #IRFHE L, Nicolsky-
Eisenman KL T 5 £G4 T TRES N DA, ERICIZ
4:4-1 TRL7Z2L 91T, FENernst BETBHPESHE L,
C D& Nicolsky-Eisenman RIFBATE L VWoT, FH
LRERGEBEZRBLAIEDTEL Y. 22T,
Nicolsky-Eisenman RO @ #PAZ L, ISE O:&HR4ER
BERBL B0 MBIIOWTERTS, 72, ISED
BIRBBE A A L OBBAEIC BT 5 BIRE L OBFHICO
WTHRS.

ISE DERFEE (KEY) 1E, #€3kK, Nicolsky-Eisenman
WCESWTZOOHETRBD STV 559,

—2iF, BMBERETH), WsdiTDAZELEED
Esei & Wi LA LERD | ORZEGLE XD Eig, &
DE {AE(sep: ¥wsCiws = YiwsCiws)l 75 BRI
|KE"(sep)l % EFM¥ 5.

KF'(sep)
= exp{(F/ RT)AE(sep: ¥;wsCins = YinsCirs)} (73)

FHH, KE ;44 20k | FRANSEEGOBAILLRER 1117

SR BE 3R I2&ER 3 H5, Cius At CII_M SN bhibhk
EVEHT BRI, Type A DBELRT | 1200 T i
Ciws/ Cin > 200, Type B DBEXRT j I22ow T,
Ciws0/Cilim>400) T, CuwsbZibsert i,
Nicolsky-Eisenman R o 72 BAICE BN S, D
L&, Ki'sep) 1%, R(79) DL H1Thk 5.

1/2
Ki‘,)jm (sep) - [,uj.IJH ) (’J’_i,us7’(w),uuKsl,(n").uu )
Him Yins¥gvy.ra Ko givy.oa

xexp{RLT(AG& - AG,‘:J)} (74)

—OHWE, REBBETHS. CoFER, HIZToI
SHETExD. (@) B4k YiwsCiws D i° & —5ED Y. wsCjws A
DiTEEEL Ws2HWVT Esegy ETS. (b) —%
D YiwsCiws D 1" EREA 2 vwsCus D j 2 & Ws &
T Eseoy ZHIETS. UWTFTIR, (b) 26153, FiE
(b) T, Eiseqsy A° log ¥.wsCiws (2% LT Nernst 5% L
TVHLETDEROER L Nernst [IHE L TV WEHHD
HMOEREDZ HIZ Y5 YwsCws Z HIWT, X (75) T
ERINLBEIRBE (K (fix)] %FHET 5.

KPP (fix) = VinsCius / ¥ jusCiws (75)

PO IXERET BT, Cus A ClLw® Cus L O DK
EvHie (FI2E, Type ADRERRT jICowTid
Ciws/ Cian > 200 D Ciws/ Ciws > 100, Type B DISE %
Y TDVTIE, Cush/ Clin > 400 D Cus8/ Ciws >
100) THE, Ciws PZEALIZH L T Nicolsky-Eisenman (2
Mo BAUBENEONL. COL X, REBHREICL>
TRD K5 (fix) &, KF'(sep) ERBEICHK (76) D LS
275,

1/2
0! j» ji iv). Ks (Y) o
Ki‘_)j'(ﬁx)= (#] I.M) ('}’Jus}'(v) LM t(]Y)I,MJ
Him Yins¥vy.om Kavy m

xexp{R—lT(AGS_j —AG&j)} (76)

Table 424, LEDEHETCRED o7 K 2RT.
bL, i"Ej LOMT WL LM HTOHEGRK L ER
RBOZZERTEL%56, R(74), (76) TRENA
B, Ese DFHNCEELR 0 (A (68) B »5viis
F Y OWHABICHT 2 BREERT Ly (KX (70) B
EHELWV,

5 %
AR TIE, Fig. 1 BH b ICETWTA F >~ DK SER

o
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T EER L. ZOKE, O sHtkix, BMA &
w4 4 v OBEHEALEREE (AGY, K. K, TEHTE
B2, LIzAoT, QMoBlEEICL > THICERES
NTW5 AGY, Ko KpREDF— 5 %FIAL THE LS
FHUTEBZEN G h ol T, HIZ, @44V OH]
WAL o THERREBNTAG), K., K, ZRETE
AL hol. TDI T, FRLMBRORENE
StoRPL L EEZZLNS.

—F, A F > OBBSELL ISEEBMEOBKREZ, W
BilhrbsrBEHERICIH L TERL, 14 Y ORESE
BT B BIRME & ISE TORRMYE Z 2 BMICBRMT TS
ZEMNTES., ZOZ &R, SEF—FHFEICLIAF
B ROERFH DA F T -5 2L
ISE DRETOBERPERIILELEIOND.

AR TR LR, CRBEER M RR S SR EH
B THRRAH S/ EHROE ] CEE 13 FERFER 14 F
BE: No0.13129204) X AR BOHY 22T CiTbhi/. &
ZICHEERT 5.

X 73

1) G. H. Morrison, H. Freiser: “Solvent Extraction in
Analytical Chemistry’, p. 59 (1957), (John Wiley &
Sons, New York).

2) Y. Marcus, A. S. Kertes: “Ion Exchange and Solvent
Extraction of Metal Complexes”, p. 425 (1969), (Wiley-
Interscience, New York).

3) J. Ryberg, C. Musikas, G. R. Choppin: “Principles and
Practices of Solvent Extraction”, p. 209 (1992), (Mercel
Dekker, New York).

4) L. Q. Hung: J. Electroanal. Chem., 115, 159 (1980).

5) T. Kakutani, Y. Nishiwaki, M. Senda: 7 #7 1t %
(Bunseki Kagaku), 33, E175 (1984).

6) H. L. Friedman, G. R. Haugen: J. Am. Chem. Soc., 76,
2060 (1954).

7) M. Kyrs, S. Podesva: Collect. Czech. Chem. Commun.,
27, 289 (1962).

8) J. Rais, M. Kyr§, M. Pivonkova: J. Inorg. Nucl. Chem.,
30, 611 (1968).

9) J. Rais: Collect. Czech. Chem. Commun., 36, 3253
(1971).

10) S. Kihara, M. Suzuki, K. Maeda, K. Ogura, S.
Umetani, M. Matsui, Z. Yoshida: Anal. Chem., 58,
2954 (1986).

11) H. H. Girault, D. J. Schiffrin: “Electrochemistry of
Liquid-Liquid Interface, (Electroanalytical Chemistry)”,
Edited by A. J. Bard, p. 1 (1989), (Marcel Dekker,
New York).

12) S. Kihara, K. Maeda: Prog. Surf. Sci., 47, 1 (1994).

13) Y. Yoshida, M. jMatsui, O. Shirai, K. Maeda, S.
Kihara: Anal. Chim. Acta, 373, 213 (1998).

14) L. Q. Hung: J. Electroanal. Chem., 149, 1 (1983).

. 15) H. Nishida, N. Takada, M. Yoshimura, T. Sonoda, H.
Kobayashi: Bull. Chem. Soc. Jpn., 57, 5545 (1992).

16) S. R. Bahr, P. Boudjouk: J. Org. Chem., 57, 5545
(1992).

17) Y. Yoshida, Z. Yoshida, H. Aoyagi, Y. Kitatsuji, A.
Uehara, S. Kihara: Anal. Chim. Acta, 452, 149

KAGAKU Vol. 51 (2002)

(2002).

18) FTHRY, FE®RE, EFHRECD: 5k (Bunseki
Kagaku), 17, 1548 (1968).

19) H. Aoyagi, Z. Yoshida, S. Kihara: Anal. Chem., 59,
400 (1987).

20) Y. Kato, T. Kimura, Z. Yoshida, N. Nitani: Radiochim.
Acta, 14, 21 (1996). ‘

21) Y. Kitatsuji, H. Aoyagi, Z. Yoshida, S. Kihara: Anal

_ Chim. Acta, 387, 181 (1999).

22) K. M. Kadish, J. E. Anderson: Pure Appl. Chem., 59,
703 (1987).

23) H. Ohde, A. Uehara, Y. Yoshida, K. Maeda, S.
Kihara: J. Electroanal. Chem., 496, 110 (2001).

24) M. C. Osborne, Y. Shao, C. M. Pereira, H. H.
Girault: J. Electroanal. Chem., 364, 155 (1994).

25) A.]. Parker: Chem. Rev., 69,1 (1969).

26) Y. Yoshida, M. Matsui, K. Maeda, S. Kihara: Anal.
Chim. Acta, 374, 269 (1998).

27) S.B. Sawin: Talanta, 11,1 (1964).

28) G. Taylor, H. H. Girault: J. Electroanal. Chem., 208,
179 (1986).

29) Y. Shao, M. D. Osborne, H. H. Girault: J. Electroanal.
Chem., 318, 101 (1991).

30) M. I. Montenegro: Port. Electrochim. Acta, 3, 165
(1985).

31) J. Koryta, P. Vanysek, M. Bfezina: J. Electroanal.
Chem., 75, 211 (1977).

32) J. Koryta: Electrochim. Acta, 24, 293 (1979).

33) Z. Samec, V. Marecek, J. Weber, D. Homolka: J.
Electroanal. Chem., 99, 385 (1979).

34) T. Shedlovsky, R. L. Kay: J. Phys. Chem., 60, 151
(1956).

35) R. M. Fuoss, D. Edelson: J. Am. Chem. Soc., 73, 269
(1951).

36) K. Ogura, S. Kihara, S. Umetani, M. Matsui: Bull
Chem. Soc. Jpn., 66, 1971 (1993).

37) T. Kakutani, Y. Nishiwaki, T. Osakai, M. Senda: Bull
Chem. Soc. Jpm., 59, 781 (1986).

38) H. Matsuda, Y. Yamada, K. Kanamori, Y. Kudo, Y.
Takeda: Bull. Chem. Soc. Jpn., 64, 1497 (1991).

39) R. Modin, G. Schill: Acta Pharm. Suecica., 4, 301
(1967). )

40) K. Gustavii: Acta Pharm. Suecica., 4, 233 (1967).

41) S. S. Davis: Separat. Sci., 10, 1 (1975).

42) J. A. Biles, F. M. Plakogiannis, B. J. Wong, P. M.
Biles: J. Pharm. Sci., 55, 909 (1966).

43) S. M. J. Harris, T. Higuchi, J. H. Rytting: J. Phys.
Chem., 77, 2694 (1973). :

44) K E Z . 5 1L (Bunseki Kagaku), 38, 147
(1989).

45) S. Kihara, M. Suzuki, M. Sugiyama, M. Matsui: J.
Electroanal. Chem., 249, 109 (1988).

46) S. Ahrland: “The Chemistry of the Actinide Elements Vol.
2’, 2nd ed., Edited by J. J. Katz, G. T. Seaborg, L. R.
Morss, Chap. 20, (1986), (Chapman & Hall, London).

47) E. M. Rakhman’ko, V. V. Yegorov, A. L. Gulevich, Y.
F. Lushchik: Selective Electrode Rev., 13, 5 (1991). '

48) O. Shirai, S. Kihara, Y. Yoshida, M. Matsui: J.
Electroanal. Chem., 389, 61 (1995).

49) T. Fujinaga, S. Kihara, Z. Yoshida: S#71L% (Bunseki
Kagaku), 31, E301 (1982).

50) S. Kihara, Z. Yoshida: Talanta, 31, 789 (1984).

51) T. Kakiuchi, M. Senda: Bull. Chem. Soc. Jpn., 57,
1801 (1984).

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

RERX HH, KE . 44> 0KH | HRAEMIREGOBRILEHERR 1119

52) R. A. Robinson, R. H. Stokes:: “Electrolyte Solution”, p. 54) Commission of Analytical Nomenclature, Analytical
452, (1955), (Butterworths, London). Chemistry Division, International Union of Pure and

53) G.]. Moody, J. D. R. Thomas: “Selective Ion Sensitive Applied Chemistry: Pure Appl. Chem., 48, 127 (1976).

Electrodes”, Chap. 2, (1971), (Merrow, Watford).

= g

K| BB (W0o) RETOA 4 Y OSEFEE, HHAAY ) 44y ) AWE 0nE
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