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Anion-Selective Electrodes Based on Polyvalent Metal Complexes
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The performances of metal complexes and organometalic compounds containing polyvalent
metal ions were studied as carriers of liquid membrane anion-selective electrodes from both fun-

damental and practical view points.

1) The high selectivities of simple dialkyltin(IV) com-

pounds to phosphate and to a-hydroxycarboxylates were ascribed to formation of partially
hydrolyzed polynuclear complexes, where these anions interacted with two Sn(IV) centers and

were shielded from the solvent by alkyl groups projected from Sn(IV).

This is the first evidence

that the self-assembling reactions of a carrier and a sample anion create novel selectivities in

potentiometry with liquid membrane anion-selective electrodes.

2) Tetraphenylporphine

(Hotpp) complexes of Ti(IV), V(IV), Zr(IV), Hf(IV), Nb(V), and Ta(V) were prepared and eval-

uated as carriers of ISEs.

Among a series of Zr(IV)-tetraphenylporphine complexes, cationic

dimers, ([Zr:(OH)s(tpp)2],X), showed the selectivity characteristic of the ion-exchange process.
The response was smaller for the cationic dimers containing X of higher lipophilicities. In
contrast, neutral monomers, [ZrXs(tpp)], showed the selectivity indicating contribution of lig-

and-exchange reactions.

give [Zr(OH)CI(tpp)], which showed an appreciable response to carboxylates.

Among the neutral monomers, [ZrCl:(tpp)] was easily hydrolyzed to

The response

slowly deteriorated by replacement of chloride with hydroxide but was recovered in a reversible
manner by conditioning the membrane with concentrated hydrochloric acid. The monomer,

[Zr(OH):(tpp) ], was proposed as a carrier of an excellent citrate-selective electrode.
neutral dimer [NbyOs(tpp):] rapidly reacted with phosgene to give [NbOCI(tpp)].

3) The
This reac-

tion was successfully applied to the spectrophotometric monitoring of the spontaneous forma-

tion of phosgene in chlorinated hydrocarbons.

4) Potentiometric performances were briefly

described about the Zr(IV)-dodecyliminodiacetate complex, the Ge(IV)-nitrilotriphenol com-
plex, and naphthylboronic acid. All these results were discussed in terms of multi-points recog-
nition, self-assembly, charges on carriers, additives, conditioning and life-time.
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Fig. 1 Distribution of species as a function of
-log[H+] in MCQSH2+'OH7(3> system and MesSn® " -
PO,’” (b) system at 25C and at 1.0 mol dm * KNO;

Csy:3%10 "mol dm *, Gp: 3% 10" mol dm . Thick
curves: dimethyltin(IV) species complexed with
phosphate; thin curves: hydrolyzed dimethyltin (IV)
species; broken curves: phosphate species. See eq.
(5) for each species expressed by (p,q,7).
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Fig. 2 Molar ratio plot on the reaction of

dioctyltin (IV) dichloride with KeHPOyin the presence
of Kryptofix222 in CDCls

Data were taken from ref. 24
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p(MesSn)* + ¢ H' + rma” =

[(MesSn), H,(ma), 1@ " 1-7* (6)

(b)

Fig. 3 Possible structures for [(MesSn)s(OH)2(HPOy):] in the aqueous phase (a, b) and
PM3-optimized structures for [(BzeSn)s(OH)2(HPO,)e] as an electroactive species in the

membrane phase (c, d)
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Table 1 ApH values on reactions of MegSn2+ with
some carboxylic acids

ApH

Carboxylic acid

[1:1] [1:2]
acetic acid 0.065 0.066
hydracrylic acid 0.034 0.029
succinic acid 0.034 0.060
propanetricarboxylic acid 0.125 0.048
glycolic acid 0.361 0.346
lactic acid 0.406 0.323
malic acid 0.323 0.294
citric acid 0.703 0.135

10°Csy/mol dm *: 3 [1:1], 2 [1:2]; 10°Coia/mol dm °: 3
[1:17,4[1:2].
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Fig. 4 Distribution of species as a function of
-log[H+] in Megsn%-acetate (a) system and Megsn%-
glycolate (b) system

Csa: 3% 10 *mol dm ’, Cpa: 3% 10" mol dm ™, 1.0
mol dm * KNOs, 25C.  Thick curves: dimethyltin(IV)
species complexed with carboxylates; thin curves:
hydrolyzed dimethyltin(IV) species; broken curves:
carboxylate species. See eq. (6) for each species
expressed by (p,q,7).
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Fig. 5 Possible structure for [(MesSn)qo(H-1ga)q2] in
the aqueous phase (a) and PM3-optimized structure
for [ (Fs-Bz)sSn]o(H-1cit)s as an electroactive species in
the membrane phase (b)
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Fig. 6 Potential responses of bis(pentafluoro)benzyl-
tin(IV) dichloride to common anions

(O) HePOs, (L) F, (&) SCN, () O, (@) Br,
(H) NO, , (A) NOs, (@) CIO,, (X) SO~

Fig. 7 Potential responses of dibenzyltin(IV) com-
pounds to phosphate

Carrier: (@) [(Fs-Bz):SnBro]; (H, [, +25)) [(F-
Bz)oSnCls]; (&, A x*)y [(Bz),SnCly]. pH: (@, N,

Table 2 Summary of porphyrin complexes used as carriers of ISEs

Carrier Inorganic analyte Organic analyte
[Co"(tpp)] SCN~
[Mn"'Cl(tpp)] BF, ,I;,SCN ™, NO;~ Hsal ", histidine
[Fe"O (tpp)e] SCN~
[Co™Cl(tpp)] I ,SCN ,NO,~
[T1I"Cl(tpp)] NO, , Cl”
[In"'Cl(tpp) ] NO, , Cl”
[Ga"'Cl(tpp)] F
[Tbm(tpp) (acac)] ethacrylate
[Sn™Cly(tpp)] Hsal
[Mo"O(OE) (tpp) ] OH ,F
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WiFE, MwEA A+ VICECINET IS A LN S,
1999 4E DT, FEALEL 4 122V Tl Sn (V) 5™, 5
2OV TIE Mo(V) R DR BB B AT S T w .
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Fig. 8 Effects of pH, acid, and alkali on the potential
responses of [VO(tpp)]-and [ZrCly(tpp) ]-based ISEs

Acid: (&) HsPO,, (O) HCI, (&) HNOs, ([J) HCIO,;
alkali: (&) KOH, (@) NaOH, (@) LiOH

LT, [MA(tpp)] BUIRE Lh o7z, @ Wi Bk
T T =4 VIREER LA, [MO(tpp)] Bl o> @R
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nr.
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SNz, TOEMIIRATHRSND RIS IR Sh
5.
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2[Zr(OH)s(tpp)] = [Zr2(OH) s (tpp):] (7)

RIZ, e FaFviEtkoraoxy ¥ UBHE 4
OWKEW EEZ 10725 10 mol dm ° O#HiPH TE
b)) =z &85, @@ﬁﬁviof%ﬁﬁwmﬁ

ﬁﬂéht.ﬁﬂ@%ow4%NO%@ IR B
T, X AKRIORG ClIT O umﬁﬁﬁﬁf Vi
—V*ﬁ@ﬂﬁ§/7bﬁﬁm§ﬂt.*ﬁ SRR HE
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DA F ¥ DY iLL ZAL X D EVIREERP T, v —
L—iiORBERY 7 P S N7z, Fig. 9 lZThEho
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AF YU REOEERTX(9) & (10) 12X 5 PkH
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[Zrs(OH)4(tpp)elo + H + X =
([Zr;(OH)s(tpp)2],.X),  (8)
([Zrs(OH)s(tpp)2].X), + H™ + X~ =
2([Zr(OH)X(tpp) 1) (9)
([Zr(OH)X (tpp) 1)o + H' + X" = ([ZrXs(tpp) 1) (10)

B, X(9) KU (10) OIS L 72 iREFHH T
HEATT 72012, A11) TERIAEINS.

([Zrs(OH)s(tpp)a),X)o + 2H  + 2X ™ =
([ZrXs(tpp) 1) (11)

IS DL OB FR % Scheme 1 127R7F.

Db %Il 4 O R PEEE R O 3 OB 4 + ~
PSR EHEEL T, ShoZ2F v )Y —L 3254 4 V8N
WO T =4 VInE xR L7z (Fig. 10). 3§XTORA
F Y VEEEK, [Zrs(OH)s(tpp)s] X 3@ H DR A F » 123 L
THRIIARY —WRIEEERTE LB, A+ X
DOBMEDE VT EIREIEFH L, FOIREIIHFR A 4+~
RITE E NS,

PSR DN T [ZeClo(tpp) ] & HI 7285 CXUA20N
V7 MBHETH - 72, ORI ilﬁj?&”:{@ffm&/\ﬁTf
DIRIFAET AL TH Y, F v FUEHR L O X -
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Fig. 9 Changes in absorbance by two-phase reaction
of [Zro(OH)4(tpp)2] with acids

Cnr=4%10 "M. Solid lines were calculated using
the constants obtained.
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% [Zr(OH)Cl(tpp)] 1, WEMRA 4 22K L CTHWVIGE &R
L7zt LT, [Zr(OH)o(tpp)] 1HITE A LIREZRE 7
M o7z Zr-Cl DFEFIZ G V72O IZHERRA 4 21T &
BHEBEAFRE Z 5 DIZR LT, Zr-OH DA 1356 [ T
RIS Z DIZ< v, 2B, [Zr(OH)Cl(tpp)] DFERE A
F T RINED, RO #EE & BITHL L (Fig.
11 (@)}. ZHAUIHEIZMAKGEIAEA T [Zr(OH)o(tpp)] 12
5720 THY, 1mol dm * DIEEBARTICET T
INEZENG L, ZOoPTRETIIEISRCED 12O
RIS R L7z (Fig. 11 (b)} ™.

JIUVBIIHTHZINLDOF ¥ ) ¥ —DILE % Fig. 12
RS, 7 VBRISSHERE I A% <, B A o ko
BIBREE R AL RS8BT 572012, A—r3—% )1
YA MBEERRLEY. 0, wHEERAZVTRY RV
YA PMIBEERRLIZDS, HTH [Zr(OH)y(tpp)] (Mo A
F T BIBEDII DT 7 T U ERINMED T . il
THYH 10 "mol dm * &<, Ya—AhDr T UEEE
BELIZHEHL TV,

hB, FEHELOWRETFATLT, H—08k)s7 vt
AF VBINEBROF Y )X —& LTIREEN TS,

3:3 ZF T (V) $ktk

HOEE - RESEIRAT S LT W B Nb(V) SR o th Tk A%
$EIRD [NbOCI(tpp) ] 1&, [ZrCly(tpp)] & FIARIZINAK 5 i
LRTVOT, PHEEEHARD [Nb.Os(tpp).] & IHEWE
ELTHWZY, BALBEDFH L TH, Nb(V)EHEDOSEIC
BN ELAT 28RV 7 4 ) Y BRISK L Cll— N E§
BT, BICHEDDH D Mo(V) AR &M o v
H5.

ZauxyE¥ry-KHMHETHCIO, LT HCl & & &
EHET L7z, ENRZEhoRICEAG O E TOWSLE 2RO
BEOMBIILTTay b LREE Fig. 13127R7.
HCIO, & OIS TIREEE Y 7 2Bl s h, ZoRi6
BRXA2) KRB ENS.

B
B 9
[ N[
[ZH{OH),(tpp)] | Ko [ [Zr,(OH)y(tpp),l.A [Zr(OH)A(tep)] [ZrA,(tpp)]
[2r,(OH),(tpp),] [Zr,(OH),(tpp),]1.L [Zr(OH)(tpp)1.L [ZrACtpp)].L
k[Zr("cpp)].L2 )
OH/Zr=2 3/2 1 0

Scheme 1 Relation between Zr-tpp complexes with decrease in hydrolysis degree
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Fig. 10 Potential responses of ISEs using Zr-tpp complexes as carrier to common anions
Anion: (@) ClO, , (4)SCN ", (H) NO; ™, (®) Cl°, (&) acetate. pH 3.0
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Fig. 11 Effects of storage solutions on change in
potential response of [Zr(OH)Cl(tpp)]-based ISE to
acetate

Storage solution: (a) water, (b) 1 mol dm ™ ® HCL
Acetate concentration/mol dm °: (¢) 10 ', (H)
107 (4) 107", (@) 107"

[NbyOs(tpp)alo + H + ClO,~ =
(INb;O2(OH) (tpp)=].ClO4),  (12)

NI LTHC L ORSTRERE Y 7 b 2B &
n, TopiE(13) IR s 5.

50

JEMF/mV
|
8

-150 p

-200 p

-250 a 2 2 a a a .

log C

Fig. 12 Potential responses of ISEs using Zr-tpp com-
plexes as carrier to citrate

Carrier: (O) [Zr(OH)Cl(tpp)], (L) [Zr(OH)s(tpp)],
() [Zr(CH;COO)s(tpp)], (@) [Zrs(OH)s(tpp).],TPB,
() [Zr:(OH)s(tpp)2],ClO4, (&) [Zr(OH)s(tpp)2],CL
pH 3.0

([NbOs(tpp)e] + 2H" + 2C1 =
2([NbOCI(tpp)])o  (13)

A4 VEREBOF ¥ )X - LT, B4 M=
RAIA F ¥ i 2 BAIRE R R T O LT, PR
FIFEALINEE RS R0z T2, PHEEA TN
KRGIED 72 DB FY) 7 FBHETH Y, wIndbil
Shhroz.

L Lads, mE w2 AREIEICEmL, S27
YERIBERBE, RRIHES T HC & D RKIG & EED
AN DVEALDSEIN S 7z,
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Fig. 13 Changes in molar absorptivity on reactions of
[NbOs(tpp)e] with HC1O4 (a), HCI (b), and COCl,
(c)

Cxo =5 %10 °mol dm °; Reaction medium: (a, b)
chlorobenzene/water, (c) toluene-chloroform (9:1);
Ama/nm: (a) 418, (b, ¢) 424. Solid curves were cal-
culated using the constants obtained.

([Nb2Os(tpp).] + [COCly] =
2([NbOCI(tpp) 1), + [CO:]

COUGIERETH Y, HRBFERORZAS Y OERIT
W22 e TEL (Fig. 13). OO0 7V~
HHF R OFIZBWTHRIC L D R AT Y 2N T 58
BERFICX > TBIFLZ: (Fig. 14). JIC X - THRIE
MEEN 225, #REEIEFELETHY, a0 7+ VA>T
bR #FE>12Y7unry >y suuxry y>ran
RVEVDIETH - 7=,

4 ZOMOEHAC KSR SR

41 JNAZYLAV)-RFIvA I/ BB

AW T 4 v ERBRIC -0 BT 2L, »0 Btk
FHTAHEMTELTRFTYNVA I i (Hodida)
L, FOYN T AEEE [ZrCly(dida)] DYERE
FHli L7270 RV T 1) VMR TR ORI EEET 5
L, COEMR G EEANE & O X o TIRS® S 1,
[Zr(OH)s(dida)] 5 VI ZNHLEAL L 72D DIZEILL
TWwhrtEZONS.

ClO, R SCN {Zix b T2 B/BAILE (15 mV/decade)
ZRT O LT, HERWEREOY ) FVRRIZIE»% D
DI (43 mV/decade) Z/RL, $ETEHOR)REIM =
N7z, T 722 VATBEZRINT % &M TR
HLTLE S, BEMISEDIEIL 55 mV/decade & B35 &
nr.
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Fig. 14 Time-courses of phosgene formation in chlo-
rinated hydrocarbon in the light (a) and in the dark
(b)

Chlorinated hydrocarbon: (O) chloroform, (&)
carbon tetrachloride, (+) 1,2-dichloroethane, ([])
dichloromethane, () chlorobenzene

4°2 FITZyLV)-Z UMY T/ —ILEEE

RNVT7 49 e 3RRY S-OFBMZMAT HEAMLT &
LC=rYuhr) 7=/ =)V (Hnmtp) ZHHL, ZOF
V= =7 LK [GeO (ntp)o] OTEREZ 5FAfi L 7277, %72,
e bt L7 2 ) = VOBOREEZH S T B2
DI, 7377 x /=) (Hap) & DK [Ge(ap)Cls]
B 53— (Hecat) & DFEHME [Ge(cat)o] 1I22WTDH
AR IRET L 72,

[Ge(ap)Cly] & ClO, R SCN IZH L Th T ainE %
RL720%, R E & B EssHIbLz. 7/ 7
J = VORAAEG A RBESRZ 5720 LEZ B
5. —J, [Ge(cat)s] ZEDT =F VI LT HInE%ER
B oz, BALDHRT ETHOD Ge(IV) 2SS % 2k
IHdEEZLNS.

UK LT [GexO(ntp)s] (&7 v LWy & MIGERIRA +
2 LT 10 °~10 ' mol dm ® DHFEPHTH 7 ) DG
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b1
&

ERL7. BALMNY FFIYLT Y EZT A% 30 mol%
MTaE, $XRTOEAF VT BIBED00E - 72285,
FRi27 oAb A F i 2 AU A #2107 ~107!
mol dm * F Tk L7-.

HIZH LW BRI FB 2 HIfE L T Ge(Iv) DAoL
&g LT Sn(dV) R Ti(IV) DEAZRMRZD, Fr VY
— L LTHWAIZELEEI AT DL ) THS.

4:3 1-F7FIFROVE

/AT TIEBRWD, HWRE LTashb R Y FE 2
A2 1-F7F0RarE (NpB(OH)sl 1Z2WT, Fx
VY —& LToMiEEME LAY, L LTired s
EDVFONLVD, LMY FFIVAF LT VEZT A
(c,a) 2N 5L, 791t A F RS 5 BINW 2
INED GO NIz, ARBEP CORSDOMT 2 EET 5
&, RS TURETHEEZZONL.

[NpB(OH),] + 3F + 2H" + [C,Cl] = [C,NpBFs] + CI~

5 Bb DI

[KFIAN R < A B E) AR & SNB A A+ VTG
KTHD00, ML A AfEF v )Y —ITHVIUIH L
VEFEDBILTE 27259 ] L) Hiflin% 2 THi%E %
BIlG L7z MAE, ARECRHCEALY % v 2 o THiBIEL
fiFe L Crunikz ke g L Ty, HBEo
WEDLVIEF v ) v —& LTRARISIKRSHL, e F
OFVRNI 5 TR BHEDPLE N L 2R L. E0%)
RIIUTOLEBYTHAS.

@ pH IBEDHHE L 2V, pH QR 2 BB LT L 7

5.

@DFv )Y —ORISEIMET 20T, EIRMEDOIEH
WA TH - 7.

QEMBRLICIbraryF4vas Yy ZICEYEBEL
RECTHSEZBEETE A Z LWL IR o 72,

@Or reXFviERtX VIR X 2EEFRI VA 4
YHEOEIKEIEER T 2 EICE, 4 4 VR RIS
EHHLHFLGTHLIICR 5.

OB E VT TNVT =F VBEBO N A A A
FEMHEEHATE S X9 2HE1013, FFR 28R
PRBTHIELH 5.

INSOMBRITED 1 THRAKD 5O A B[ REHIC
ONWCT—DODMEEZ GBI ENTER. T, TORE
& LT [Zr(OH)s(tpp)] Z 5 7 = ¥ BN % B 56
L7z

AWFZEO—RIE, SCFHEA R e &4 (16550185) D
N2 TIibNbDTH 5.
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VA ZOBEIES 2 AT 4 F ¥ BINEHBO P CHICEBILROERA + v 25801220 T,
FHOT N —TOMRE FICRR Lz, BRR YT VRV A X V) LAWY YA G VR ok ROk
YAHNEKEYBIH L TEVEREZRTDIR, a0 F4 332 I PIcInNsDA F ¥ 2 a0 SOk E
EL, ZOSERFTIEBEAF Y200 Sn(V) EMHEMEHT S L L T VF VIR L o THBD? SR

BRNERESND 72D THLZ 2L L.

AT KD HCEEM A UBHA 4 & BIREMTH H

BIRMEZFHET L2WREZ WO TORLZ., IVIa=g AAV)-KV 7 1Y) Y$EDH B, BA + ARk
Gl HOREA A VI L TA & YRR L BIEZR T OIS LT, HPEERAIERCA S BOSIZ X 28
HrR Lz, PERRARO A VR VRISEL, MG & UTORWA & > 23R 2 1KLY A + > 12
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