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WKEBENTH 5.

RVBT7 A ViIZoWTEBEI N A OXEE
WIS 2 EARNKFE IRV BOFEIIEEE S
T, A A VEBENOARBICBSERLBEKREZZATHD
EEDbNG. EHELPBOE 1K)V BT =4 v ig——
fizs s —RliEFTCOLEOBERAHLTHY, A4+ VIE
BT ALY —ICB3 2, BICERKEEEZRANS 129
OFOMEITH 5. AXTHULBRSE LHiL, EH
L0/ ERE, AvrvRicEaINS &5 5HENA
F v -BEAREER AR E T 5 EROFEFTITIEYE T
£57F, A4 VIBENOBRICH 28252560
CHRFE NS,

KX TR, SERVBRT =AY O4 4 VBBHRLS
AR (BoE) &, ThzREIIELN
TR OBRBICOWTIEZE > TR XS KYVBT =4
Y OBKMRE (83 8), 14 VBEMANDHLVT
Tu—7F (84 8), KEKRHDOKR) BEEEKROTTE (5
58), RV YA )-8 VEgty— (56 3F).

2 % G
BT, £LUT NB/W RAETEONLZER)BT
ZF VDA F VBEIARLY VA M) —DEERIZONT,

HRYBT =4 v % Keggin 2, Dawson &, Lindqvist
B, RUOZOMOEIITHL TR 2.
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2+1 Keggin B = A4 22022

Keggin OANT QR VBT =4 v iZ—RAD
[XMs040]% (X=Si, Ge, P, As; M=Mo, W) TH
ENB. Fig. 1IWRT E£HIL, ~ATUFET (X) 2&t
BEMT 4% 2HOTY TFVBRIEI VI AT
VESHOBALZES SEETHBHY. TOBEITE a
KeE D 2 BEDEMENFEEL, BUTRLIZDIX
a &k THBN, FO—DOD M;03 =9 b (kHITR
LIZZ20 M RFEETES) » 60 EhR L CTE
BRWEED BIREMIERTNS.

D& K ) BEERIBRPTEMOT =4 v &L
THET 5. Bl Keggin BERDIBE, T2
DB EIEL X=Si(VI), Ge(VI) ®& & —4, X=P
(V), As(V) & & —3&u5b. DTFIKR~RE L
IZ, Keggin T =4 v DA 4 VBEIARALVY VX MY —
KB HEBIE, EE U THEFRIKES 2 L0k
27z, .

211 BAH7=A> FIFTREWNZHEME LT
NB/W FRHE T D a-[GeMo;040]* " DFERPIZHONT
PRk~ 5.

BIECHN BRI LVRIIXDEBD TH S.

I II
0.1 M 0.1 M TBATPB
Ag/AgCl| TBACI | a mM(TBA),[XM;,0,]
(W) (NB)

(€

Fig. 1 Polyhedral representation of the polyanions with (A) Keggin (@ type), (B) Dawson

(& type) and (C) Lindqvist structures"

The XO, tetrahedra (X, the heteroatom) are shown in black in the Keggin and Dawson

structures.
asterisks) leads to the S-isomer.

In the a-Keggin structure, the rotation of one M30,3 group (marked by three
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BEFRL KR, W%, wk: KVBRT =4 v OBBILEIFGE: 44 BBHXLY VX b)Y — 3
I v 157
! Cv
0.5M MgCl, | 05M 101
buffer(0<pH<5) : MgCl, |AgCl/Ag (A)

(W) : (W)

Z 27T TBACI & TBATPB X hEhigik7 b7 7 F
W YEZIAET NI TFNT VEZDLAT T 7 2
— VA U BB ZRY. M IO ® pH &
CH;COOH+ (CH;C00),Mg & & ([CH;CO0 7] =
0.1 M) X3 (pH<3) ZAVCHELL. <D
RVBT7 =4 vV 3KBERPTCEARREETCHB LR TV
B, £l (A) ©&HIZ TBA HOE MMM,
T =4 Ol (I1) » 57K8 (111) ~OBE) & g
~NDORVDBEBEZARNY v A M) —HFEEZHOTEE
Utz. BIEBOFMICO W CIIBEI2 28 hie
L.

Fig. 21, ¥4 27Uy 7K VI VX b= (CV) Kk
)= WV ARNVET v A ) — (NPV) IZ&-T
B oniz a-[GeMo,040]* @ NB/W (pH4.9) FRifi
TOBBOBER-BMMBPEZRT. DL, pH
MH2ho 5 OEEATIE, ANKEERSTLDOTES
Y s @B ontz. CVIBIAIEBHRE— 71k
T =4 v OE» 5 KEANOBEITIG L, BAEBEIRY —
ZEHENORYICHIELTWVWA. FAEDOY -7 BHOD
R OEN, WHWSHREEMIE NPV TOFEEMNE
—¥ U, pH KIKGFEET—ETH > . ¥— 7 BHIE
(AE,) i3, R5IEE (v) OFHRICHAL THINT 5
BB, 0 B 20mVs™ ' E/PNENEEXTH 20mV
BETH-12. ZOME—EfD 4 4 v OB E KIS
PHFEHEINEME 15mV (=59mV/|z]) E0ETFK
EP DI, AE,vs. 0" 70y bR 0=0 IZEH LT
BRI IEIE—B L 2. X, NPV TOEHR-BEALHR
BOXNEMF Iz BT A2EFE 17 mV TH Y, HiHE 15
mV IZE» -, b O&ERM S, EEEO pH $EBIC
BWTIET DR Y ks —IED 4 4~ & UCRE%
BEILTWADZ EDHLMIZE 5T,

UA L, pH 23 2 LURCRIARIL S ES T LDOEEILK

E<EbLUT. Fig. 3ICRANB &1, pH ZET X

5 LEDILE LBV ESSEHEZIHENL, BHOEMSK
F<RNBATL B, X, EPHENBELM S IEBAANICKA
E<YT7 MUK, HRBRICEY, Z0&5 BZEHIL
Fig. 4 ITRT &S BRISHEHE THMATE S L9 -
T3,

HBWED pH Tk, KUBT =4 ¥ (A5 OB#
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Fig. 2 Cyclic and normal-pulse voltammograms of
the 0.1 M TBATPB(NB)/0.5M MgCl, (pH 4.9)
(W) interface in the presence (1) and absence (2) of
0.2 mM a-(TBA),[GeMo0,,0,,] in NB*?

Voltage scan rate: 20mV s~ '; Sampling time: 100
ms
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Fig. 3 Cyclic and normal-pulse voltammograms of
the 0.1 M TBATPB(NB)/0.5 M MgCl,+0.1 M HCI
(pH 0.8) (W) interface in the presence (1) and ab-
sence (2) of 0.2mM a-(TBA),[GeMo,,04] in
NB22

Voltage scan rate: 20mV s~ '; Sampling time: 100
ms

Z7a b vidBEEe Y, ERTHAR LS SBEA L+ v
Bk THBHTE S, LU, &K pH TREARVE
FTo=Avo7abir—Yay (AA+HT = HA)
AERTHLENH B, B@WP T, Fig. 4 KRT &
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Fig. 4 Schematic diagram of the transfer of Keg-
gin-type heteropolyanion (A%) at the o0il(O)/
water(W) interface®

In the higher pH range, the interfacial transfer of A%,
enclosed by the solid line, is not affected by any pro-
tonation reaction. In the lower pH range, the
transfer process for the tetravalent anions is affected
by the protonation reaction in O, as shown by the
dashed-line diagram. The bulk concentration of all
ionic species except those in circles are zero.

HICHUKmETO e b A—-Y 3 v EEZRLT, NPV
TOBR-BAEZ RO HFHENXZEH L, FEBRIIC
BonliBR-BAMMBICT7 A v T4 v 752 &0k
v, MR Ta N F—Y 3 VEH (K°) &K 2X107
mol 'dm® L RELAHIENTE . JOMEICEART
KA OM (KY=3X10""mol ™ 'dm?) 138 T/HhX
<, KR TOTO b A -V a VIFEETAREN SO
ZEWSP ot DF 0, (K pH TORISKEMEIL Fig.
4 ITBOVTEBETHE S S TERINS. ®-T, W
HPORVBET =4 vick-oT7u b v MEERE S h
B &I/ B, Fig. 3ICRULIZANS S F LD B L
KO OBERIE, Z07a b EERBIC L > CHBPTE
5. X, BEEMD pH IZ L5 Y7 bid, WEAPIZV
< HPOEUL7a by BWRYVBT =4 ¥ O, 5K
HAOBEZHET5H0E LTHATE 5.

BlE, =& UT a-[GeMo,y040)*™ DGR Z BTz
5, fth @ POl ® Keggin B 7 = 4 ~ (Table 1 O
1—-6) &, BEEN, ERME, pHKFEESE, FEA
ETRTDEIZBOWTERIIR b N hoTz (12720,
a-[SiW,0401*” OFE, pHI IFE 70 b A —¥
3 YOFRIZEN S T2).

212 =fli7=-#> U7 =4 ~ & 0 & BOkE
ThHIENDH, BHEBMNSPZVIEICL DD,
NB/W REOSREICIEAY £ 5 2EPBRI WA
motz, UL, RUBT =4 vy 2HENEVREE
(2.0 mM) WHEAME 2BE, VIThOZM7 =4 »iT
DVTHIEBMBORKERD LAPBRI N (Fig.
5)2), N— 2T ZWIE L EHRIE pH2 ML pH
WEEAEREFEL S > 12DT, Bflif 4 B 2{KE
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Fig. 5 Normal-pulse voltammograms of the 0.1 M
TBATPB(NB)/0.5 M MgCl, (pH 3.5) (W) interface
in the presence (1) and absence (2) of 2.0 mM a-
(TBA)3[PMo,5040] in NB??

Curve (3) shows the voltammogram for the a-
[PMo,5040] 3> -anion transfer corrected for the base
current; Sampling time: 100 ms.

U, XHEFRORYEET =4 » ORBRE R Ui 7 = 4
VERUERES A &Ik, BRERD AWK
Bz REbLAIENTE.

Liu & Wang®” 13 [PMo0,,04]°” @ F b U L%
KA TRV S v X b — 2TV, SEREEICA £
VBB L AEPBEINSERELTVEY, ZOFK
3IKHEAHIZ BNV T Keggin BSERDDRICEVELUBR
BRI (lacunary complex), [H;PMo,,030]*~ O
BicrrsEXOND (55 ESR).

2+2 Dawson 7 =%

Dawson #&E ##H 2 4 BEO 7 =4 v (a-[Py
MOISOGQ]G_’ Of‘[ASQMOlsOsz]ei, a'[SQM018062]4—9
[S3VMo,,06,]° ") EERBEZFOLHEEIATY
BT =AY ([PaMo1g06]1* 7, P,O;*” 2&T) 120
T, NB/W Rii c OB & % #af U 12*. Dawson #
¥Id Fig. 1 ICRULIKDIT, ZODATHRTEZZA
TND, ZDBED, Keggin M7 =4 ¥ OHE &R
W, AAVBERLS VX M) —IIBTAERE, &
UTT7 =4 Y OBRBIIKET 52 &80 0->TWVS.

221 AE7=A> 22EBEOAMMET =4V (a-
[P2M018062]67 RO a'[A52M018062]6_) K2WVWTOD
BRIDODLEICBOVTRLIERS LT, —Fl&
LT, Fig. 6 k4 w3l EETREL L a-
[PoMo0,15Og0l®~ OBEDOH A 7)) v I RNIET T L
RRT | OBECRIEhO X FEREICT IRy
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Maam S KR, IREF, ik NVBT =4 ¥ OBBILFIORTE: A4 VB8RS v A ) — 5
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Fig. 6 Cyclic voltammograms for the transfer of
a-[P,;Mo,506,1 6~ at the NB/W interface®
Composition of the NB phase: 0.1M TPnATPB
+0.15mM a-[P,Mo0,306] % ; Composition of the
W phase: 0.05 M MgCl,+0.5M MgSO, + buffer 300 L1 | | ! l |
(pH 5.2). Voltage scan rate: (1) 10, (2) 20, (3) 50, 0 2 4 6 8 10
(4) 100, (5) 200, (6) 400 mV s ' pH

FNT vEZD LT PIT 7= VFk v BE
(TPnATPB) Z W1z}, BEOWRFIHE TIL, KHED
pH 7 52 L EBHE VWO H LT, MUflid
Keggin B17 =+ ¥ TI3E pH Sl cOARo5h iz 70
b IEER B OE A, 330mV FHOKR)ET =4 O
BEIC L AHOREBERE LTBERIN.. ZO&D B
X, MOV IZFEETHRVBT =4 v TS
<, REARBE LA A VREICEk>T7a t v oB#H»
BEINTNEHDOE L THABEINICHRAT S LTS
5 (FUL B 22R).
CCTKRVBT A VOBRBORKICHZMT 5 &,
Fig. 6 ICbRHN S K5I, {KF5IHEE TR IZT
WA kD s S/ o NT. HEERE, Fig 7I0RY
k5, pH7 LLETIE—ETH > 7225, pH 2{E T
HEFEBMANCY 7 P UK QEBEHOT =4 v OFHE
BeELAELUTHILIIEbEHBINIZWL). oEKFEHE
1%, PHffiD Keggin B 7 =4 v OFH LEKRIC, RVE
7oA yomBhToTa b r—Y 3 VITk o TEIBAX
N5, ¥— 7 BMNIEX »=20mVs™! D& &5 20mV
TH 1, AE, vs. o2 7y bR =028 L1
i 10mV (pH>7) &0, —JKffid 4 4+ » O
BEOMGRMEE B L. -7, @ pH TOHKE
Bz —NliD A4 & v OEMBEOA WA BN & A5
haP o vl UF A

222 A7 =F> [SVMo,,06,]°~ & a-
[SeM01gO6al ¥~ ®—2 D Mo(VI) FRFH V(V) IZE

Fig. 7 The pH dependences of the midpoint
potentials for the transfer of @-[P;Mo,506,1° (O)
and a-[AsyMo0,506,]®” (L) at the NB/W inter-
face®® )

BUIZLOTHAHD, BBMABIEVEDE ZARHT
50, COBHROEEBTHEONRENSEL 5 54
R, ZOT=A Vil THREEE2HEZRY. 20
few, MEORIIEET CV OREZITH &, FEHIC
RN ET T 6 (BERYER) B hB.
NITIEREICB ISR VBT =4~ ORBRE RGPS

LTWabDEHERINSED, 500mVs ! LI EDRS]
HEZHVS L, BRERISORED S OWHERNE A
5 (7z& %1 Fig. 6 OHIFR 6 £572) KVIET T A
BEL NI, MEENMIZE pH (>4.3) TIE—ETH
D, Th&V [SVMo,,0,]°" D BAKIKE8h D Al W ¥ I
B ZRELAIENTE L.

2423 P74  a-[SMo;506]* " &
[PoMo,5O06, 147 1A & v H 4 XD bV IZER B, KE
<IEVOT, BKMMEEEZED. ZDizd, NB/W R
HOSMEEANITIEHY x> sE»BohEh o1, &
NoDT7T =4 iz 20T, =i Keggin B7 =4~
(Fig. 5) ERABRIZULT, NPV OBKBEH LA » oAl
FWEME RS - 1.

23 Lindqvist 87 =42

231 [MogO0l2~ ?  Fig. 1(C) KRT DA
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Fig. 8 Cyclic voltammograms of the transfer of
[MogO,s]2~ at the NB/W interface®™

Composition of the NB phase: 0.1 M TBATPB+0.2
mM [MogO,4]%~ ; Composition of the W phase: 0.5
M MgCl,+buffer (pH 3.1). Voltage scan rate: (1)
1.0, (2) 0.2, (3) 0.1, (4) 0.05, (5) 0.02, (6) 0.01, (7)
0.005 Vs~ '. Voltammogram (1) was recorded with
a transient recorder (Yokogawa Model 3655) instead
of an X-Y recorder.

VERKIVBT =4 ViE, BIEUVIKRVBT =4 ORTH
LNEVWHLDOD—D2TH B, BEHELELNIVE
O, BkEA Y EUTHON TS, 5T, KEK
T EAEERE T, K- BRESEESR» 5 EH
IR B 2990,

Fig. 8 12, {4 SMIIEE TIH L 72 [MogOy0] %~
O NB/W REBBOY A7) v 7KV T 5 L%
KT ([MogOel?™ & TBA & LCHBIZMA T
%).

EfRT R (1.0~5.0Vs™') TIEHBiR 1 O &S 5K
VEETTLERY, T=F v OHs 5 AKEOBE)IC
KBIEBHE — 7 &3z, KD s HHOBERY — 7
LY LB TS, REENME pH 25 1.5 »»
5 50 OHHET—ETHY, TNLD [MogO,0]2~ D
BEyOUHLEEME RES - 7.

Vol. 43 (1994)

—77, EREEETIRABRY — 78NS <RV &
AT ot (I 2~7). L, COT =4 v
DOHKMBICEE U BERPICSB U oTCh D, §
a5, TOTZAVORMBEBEILIRIIRT &L
5, WhW2 ECHEELELONS.

[MogO 0] 2~ (NB) == [MogO10]2™ (W) (1)
[MogO1o] 2™ (W) == Mo (V) (W) (2)

KIER( 2B % Mo(VI)(W) 137K DR AR
Y (HEEIARH) 28K 5. b4, FEBHEE—7
BALOFG HEIC LK (b5 REL - ko7
=4 v DOHREEEER (k) 1124357 (pH3. 1) T
Hot.

B, KMEPIZEY VEBIELET 354,
[MogO1s]>~™ OB &I > T AT T XY B
([HsPMo,,050]*7) MMM THEKT 2 2 LB ROE
NP, CORIGIEE 6 BETHRANE Y VL v —
WIGHT 52 &N TE 5.

2+3+2 [VMoz0,9]3™ 2 [Mo0gO,0]?~ ®D—2 D
Mo(VI) 25 V(V) KBE#Mb-1bDTHBH5, B/
Kix =3 THY, [MogO,0)>” LV bBAMETH 5.
D1z, [MogOyel?™ &V bNROEEBEIIKEL BH
S 12, BRFEE T D 2BEEONBROME IR S
niz. UL, WM IEER RS EE IR ¢
X pH>4 T—EMEEZRLIODT, ZTh&VaiikgE
L% PFE U 7.

24 FOMOT=A>
DLEDFEVEET =4 ¥ DIAMT a-[MogOyel* ™ (R
DVTEHEEYZSHR) KOV THLRELE®. o7
ZF VI, KERFTERTA2EEbhTVS g EM
R E BN, KAERFTHO TRLRETH S, -
T, /A VYBEANVS VA M) —DBAIFEIZBNTIE, K
FEIAOBENC L O ERPIZHEL, ChAEREBD
NBRHA BRI A + v BHOB LTSI E-H0
TR ok, LrL, COBALEERFIIZANS
WK OB DARERARNI BT T LABBEIENT
, HOKR)VEBET =4 v R UL A HEEFENE RED
HIENTE.

3 KUVEET =4 v OBk MERE?S)

FoBETRAI LI, BERIBT =4 1250
T NB/W FHICH S 2 BSBE O MWL EN (£],)
ERETBENTE . BN, WEEEAF VRS
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WA
M (A%NG®) EWmRIC - TBRMIT 5N 5.

RT DV
)+ 2ZF ln( DO )+ AEref
(3)

TO
W

RT
EYj=A%¢° +ln ,

T r*RU D (a=0, W) & (0O) XIidKHE-

(W) ROKRYBET =4 v OFEBFRERCEEEK TS
Y, R, T, FIBEDOERTHWVWTWS. AE. 3SR
BRRICE > TRELERTHY, KFRTIET F T X
FNT vEZY LA LY (TMAY, A%¥d*= +0.035
V) ORI ERFEMNEZBIET S EITE>T AE. 5
MLz BEULS I s 28KE). X, A(3)D
S HEEBTHIGEL S KEEHVCEiTE 5.
ATy, @E r°/rV=1 XU DV/D°=207
(Walden J]) ORE RV, #EOEE SO K
VBT =& VIZBVWTI@ES WAL LAZVD, —
i s —SNlETOIRTOR)ET =4 v OFERR
KzeHis 5N s FESR WS, E0Hx 3 LD
REZBHWIZ. UL, GEEZHEE mV BEDOX
XXTHY, LTOFBRIIBOTEALBOEZL LT
LwdE2LNLV. #E, X(3)DBFREANS &I
&Ko T, BIE XN HEEEMNL HBEEA + v BEE
fERELBENTES.

YA X VBEENIE, 44 Y OEEEBITOEREY

KR, 48, wik: XURT =4 » OBBLFIOWSE: 4 4 v BERLVY X b — 7

TATANF— (AGEC™V) R TBFHMN T 5L
%.

AGEO W= —2F A (4)

PE->T, COMBEROT A¥e® DOfE1H AGSO™W
ERETHENTES.

Table 1 ICEERVEET =4 > D AYp® & AGEO™W
DEZEFE LD, 15 6 1 Keggin 1, 725 11
13 Dawson #E N IX € OFEBREEZRLTWVLAD,
ThOMBEILBNTS, AUEBREZL DT =4 Vg, 1F
EAERIUA A v BEEEN (XEB#HZAVY—) TH
O, "TuRFrORBEBICLbNWI ENFNLS. BIZ
1%, Keggin EICBVTROND LD, atk® BiF
EVNS AT —BREEDEVICL MBI ALEH
Hh TV,

Fig. 91T, 3 BEOBEOKR )BT =4 > OEHA +
VEBBEMNARELL. WIThoEEIcB0Ty, B
¥ (0HE) PS5 EE4 + v BEBEMHSER
2, DEVBUKMEIC RS, 12U, A4 VBBEBMNES
Bid 5 DLEREIZT T, BRENHLF V4 X
WEBELERELD. tE A2, PUliD Keggin B 7 =
A ViE, KV AKEZ Dawson #HEOHM 7 = 4 » %,
BIZRAMT7 =4 v k04 4 VEBEHBEMIE, 2FD
BAMETHSH. X, /NEV Lindquist s M7 =+

Table 1 Standard potentials and standard Gibbs free energies of transfer of heteropoly- and isopolyanions at the

nitrobenzene/water interface (25°C)

- W 1o ~o, O—W
No. Anion Form |2|/n?3 A 0\? / Ali}trmolgl / Ref.
1 [SiMo0,5040] %~ « 0.342 0.066 26 21, 22
B 0.342 0.067 27 22
2 [GCMO]QO40] 4 a 0.342 0.064 26 22
B 0.342 0.066 26 22
3 [PMo,5040) %~ a 0.256 0.248" 720 22
8 0.256 0.248" 721 22
4 [AsMo,9040] %~ a 0.256 0.243" 71 22
5 [SiW0040]*~ a 0.342 0.071 28 22
6 [PW,,0,0]%~ a 0.256 0.253" 741 22
7 [PsMo,5062] ¢~ a 0.383 0.005 3 24
8 [AsoMo,306,] ¢~ a 0.383 0.005 3 24
9 [SoMo,506] *~ a 0.255 0.269" 1040 24
10 [S3VMo,506]°~ 0.319 0.085 41 24
11 [P,Mo0,50611* ™ 0.258 0.239" 92" 24
12 [MogO,0} 2~ 0.281 0.164 32 23
13 [VMo0;0,,]%~ 0.421 —0.119 ~35 26
14 [MogOu6l*™ a 0.460 —0.137 —53 26

1 Approximate values estimated from the foot of the voltammetric wave
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-0.1 0 0.1 . 0.2 03 ,
{ + | % > &g
a,B-[XMo,0401+ a,B-[XMo12040F"
(X =Si, Ge) (X =P, As)
Keggin { {
-[X2Mo1g0621%~ [S2VMo17062> -[S2Mo1g062 1+
(X =P, As)
|

| I

Dawson } } }

[VMosOyop~ MoeOyol>

| |
1 1

Lindqvist

Hydrophilic & > Hydrophobic

Fig. 9 Comparison of the standard ion transfer potentials of the polyanions
with the Keggin, Dawson, and Lindqvist structures

vid, Keggin D =Afi 7 = 4 ¥ X Dawson i DM
li7 =4 &0 EEAKkETHE. 2DEHIZ, /14
AZXBREVTIEBKEIZLZ S E VS — AR EET
ZAVOBEIIHLHTIEES.
DEDESIZ, RVBT =4 D4+ v BEEN (7
EOLEHEABTIAVY —) &, FELTL A VDY
A XL ERBICERINS 2 EDHLDITE - 17, KB [X Mo 120 417
RTHENLAVBT =4 VIZBL T, BROBELI ' Oxygen atom
F DRRNVBEMRENS A 4 v BEBELITKE S HEY
5 ED A REILIRWE g oz, DT &I,
R)VBT =4 v OBRPIERENLLTNEEEATH &
WS ERBRBLTWSEEDNSE., 22 THEE S,
Fig. 10(A) IWRENB KD KRBT =4 v %, (C)
RS & D s — s REERZH T HNIEKRE B2 L,
ZTOXRMEWHEE [ 4 BEELMOBIRZFH .
KEEMEE M T 58, BREREEA A VR
(r) OEPRBIZEBED, 44 VEEIIODVTE—DD 4:}
B9+ ([SiW15,040]* : 7=0.56 nm)*Y 2B THE S A hard sphere
TOEWN. FOTEELE, KO LS I L CEERNE mﬁgml
CEERFEMICRBLA LI U, —RICKRYBT =4 surface charge
¥ i3 Fig. 10(B) IR $ &5 KMBERFHMBRTAL density
kO BEEEABEEDT, ZORBEIBERTOR
(n) ICHBITBZ &I D. HE-T, BREEREL 2

Fig. 10 A typical structure (@-Keggin structure)
of polyanions shown in polyhedral- (A) and

RUVBET =4 vOFRE o2 ickflL, 2L CEREE space-filling (B) representations’’, and a simple
BB (=z/4nr, ¢ LBREE) X |2 /23 12 HH) spherical model (C) for studying the ion transfer
THIEKRESL, CORISHLT, BELLKRYBT = cnersy
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A gel) 1V

)

¢-0

AS

z7/n%3

Fig. 11 Plots of (A) AG¢° and (B) AY ¢ (el)
(=AW¢>—AWe*(non-el)) against |z|/n¥* (2,
ionic valence; n, number of oxygen atoms) for the
polyanion transfer at the NB/W interface

Numbers 1~ 14 corresponds to the polyanions listed
in Table 1.

DA 4 v BEEMNE Ty bUTzE T A, Fig. 11
(A) IRT EHICHAY &5 L EBRERESE L.

AP (V)= —1.981(|z |/n¥?)+0.749 (5)

ZODEH A x> HEEBEL N2 &, BIELE
RYBT =4 V5, BRI, K&, BEIIBVTEIE
WWbhl:bdlbhEBERADLBINREIETHS. BIZ, &
D &3 2 —ROMEEIE 1,2-DCE/W REICHB N T & AR
WWRWIZ3 2,

ZokHIT, AW & |21/n¥? DRIC—I—D I
B RVWIEZahIzDT, A+ OBKEOREE LT
Huuohbd A%e® ORb Iz |1/2¥® ®fE (Table
1) ZRVBT =4 v OBUKEOREL LTHET S
ERBEL R,

[21/n?? DEIC LY, KVBET =4 v %BkH &K
YIS T B ENTES, [2]/n?? DMEHF 03 £V b
INEWKYBT =4~ (Table 1 ® 3, 4, 6, 9, 11,
12) WO CBKETH D, KBERFTIIARELETH
B, T bYEEDKERUDEI BRARORINC
KORENSIND, i, K- BEREBE, SFHRIC
BRI htATOR)BEXKYDZL IOV
B3 5. —H, lz21/n¥® DN 03 F0HKRENKY
B 7 =4 v I3 HEBNEKE T, KERP T LREICER
THLONE. DL, |z|/n¥® OEGFIVET
=V OBBFOREE R FHET 5 DICHEHATH D, &

KRB, 0FF, Wk NVBRT =4 ¥ OBBILFRE: A4 v BEELVY v 2 b — 9

5 BTH U BRRD & HITK Y BRSE AR D EBRIG D B g
WBWITbHHHIZEREL S,

BT, |z1/n?? OEIERY BT =4 v OREHhHEES
RHEBTLDICHLENTHE. TABLEOBMEROS
ok, S oATuRYBOERKIGHHIFA XN T
W, FOOWBEICIIBEMEBESEEND &N
%, Keggin BI7 =4 Y OBIC k5 KEBEADH
HINTIOw g, FUBEHROT7 =4 v OFEEIFFELL T
BY, X, BHOBEIZ»ZVEET S 500, Zflio
T=Av (3&4) POfOT=4Y (1&2) K0
— I InRT D (KndonBiciomtich
%) AL D 5. EROEMEBEMHE MRS 512
BT, BT UR) BEEEROEBRIEZ I S I
THMSEND LY, FRULRIBT =4 OREHEEH)
BEOEBIZBVT, BEUCBUKEREN—E DEE
IZIRBTHHD.

4 A*VEBEERMAOH LT 7a—

Fig. 11{A) TR U1z A%$® & 2|/ i ¥ 5@
WERIE, KUBOfRICEEE ST, {4 VBEENIC
Be 20D IBEELEATNS.

A F v OBEMBITT ANV - OHEGRNEHFNICH
WTE, BT ANV -2 BEHEIFHEBRICT T THE
WITAOMBERTHS.

F-25)26)32)33)

AGEZ O™ W=AG2O"Y(el) +AGS W (non-el)
(6)

R(4)DBED» S, ABe® b T DODHEIZHT Hhb.
ABp°=A%p* (el) +AYé° (non-el) (7)
AYoe(el)= — (A GSO”WhU&F) (8)

A% (non-el)= —(AGZ° " W(non-el)/zF) (9)

o kHIT, ERENT AV KIXIERBHEESD
AP (non-el) WEETN TS, —RiC, BEMBT
T ANY—OHEFHBIHIBAHEEELIER (solvophobic
DFEY, A A VDAL EAEEERPICE
RKE BH1HDI AN F—
LTHRIA TS, Z0EGBNHEDIZHDORBNS
WAREXNTWVWBEN, £D—2IZ, Volkov 53393
NB/W RETOKRKELHF4+ v OREMBITZ ANV
¥F—-OBAHEBEEROI ANV T -2 REL 5 DIZH
TV % Uhlig 2°Y (HREBR) 2 5.

interaction ),

(cavity formation energy) &

AGS° W (non-el) ‘—‘471'NAr200,w sgn(oo—0w)

(10)
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ZIT Ny, WTART U, o,, 3ZOOBEMOR
HEN, 0o & ow EFNEFNEH (0) RXBE
(W) LEREDOEOERmENTH Y, X,

+1 0p>0w

sgn(6o—0 )={
& © W —1 Uo<0w

THb. EHEOLHIZOREZHOT AGEC W(non-el)
OBBLZFOEEZRELY, K(7)EK(9)TLVED
BENEFSTH S AGse(el) %ML TH 72, Fig. 11
(B) IZ NB/W ROMERZRU A, AG%P® 20T
DEMRBERIE, FBRBENFSEZ2MELCREL -2
AGpe(el) IKDNWTHRIFEINBE LT -T2,

1,2 DCE/W ¥ D& 13, MHEBEOFER
(6=10.36) PHEH/NS Wz, RYBT =% ¥ ¥l
HPOZEBREA A+ >~ (TPnA™Y) &4+ ¥ % 45K
U, COXEBTRIBT =4 vORBIOBEHEN
(ASP%p) PERBEMEBWEIC L >TELLEZ. UL
U, B4 B HEMEARE TEI AV Sy os. [21/n2?
O7ay MIVWThLERTHY, Lrb, EOEHKD
HEHEIUTH -1z, D&, AFELLERIBT =
BT, 414V HERDA A v BEEMICRET
THENRBETHIEEZBEKRLTHEY, ZOERY
B, ANP%p D l2|/n?? Itk a2, B4+ V5
BB (AYP°) OEIIHIET B 6D EMERT S C
EMTENR. FUT, NB/W Rifi & FE, BN
SOMIEICBVTH, A¥e(el) O |z |/n¥? 1235 %
EARBIR SRR T & 1.

D&k HIZ, NB/W £ & 1,2-DCE/W RIZTHB WV
T, AW (el) & |z1/n¥® & ORICEARBFH RO
ani.

A (el)= —a(lz]/n¥?)+b (11)

ICTalk bl zilbn(2FE0 ) KHEKELLEWVE
KThsd. -7, R(4)DBFRL S A 4+ BB AL
F—-DEENIS ISR TRINS.

AGS O™V (el)=aF (22/n¥®) —bzF (12)

D LD, AGECTW(el) X 1/2¥3, x5 1/r?
I U CEBRICRTEST 5 2 L0 51205, T OBRIE
AL Y O BB SR T AV ¥~ T BT 5 C
EMTERV, KUV YyBOL ANV - IZEFHERTH
0, AGEC™W(el) 13 1/r IRTFEL BT HIER 5720,
W-T, RUVBT =4 v OBEERBT T AL F—I1213,
A &V -BIES FROTEBE R SR KE<F
BELUTWabDERHRTAHIEPTE A, FTHEMEEE

Vol. 43 (1994)

R, WbWa FF— - 727t 7 5 -RR2KELEER
ERBE®RTHHDT, AGTO ™ W(el) & “E#EMN” M
HEAEOWS E0iE, LA YLFEN” sHEEERE &
BERETHHI.
DEOHRIAVET =4 v EFiionTEL s
DTHBHN, EEOIIIEREA & v BREBEN ORTEME
BT B —IRODETEME D, tho—RIZ AL v iIZ20n
THLROILOMEI P LHEEF L2, Fig. 1218, 4 &
VBRI S VA N —RIEERE» B oA
DHFFY (&) RET=%>Y (O, @UEKRVET =+
V) @ AGPeN %, MEEA A VEE () ARV
BUEEEMEEICFLT IOy bUT.
T=FIZo0nTiE, KRUBT7T =4 DS TA 4 VF
FEOKERZHDIETBP U THAH, 2070y b
BROEDIZFRVBT =4 VOEIERLEICE-S>TH
B, —H, A&+ VEBROHBK/NS 5T =4 v I3 BED
LINBEABRE SN, HFAIZDO0TE, EuNT
VB REBEDLDEF, FVBT7 =4 v L EBICERIK
SRS, EGNT L0 /NI HDTIE,
KDk ickE<ERPHIT NI
ITEREIARE &G, ——flid 5 —Nliod T
DT =Fv&, +—li&+M (Ca®t & Ba?t) %
RCDAFF VW, TZRNEN—KDOFLDOLIZFE 120
H52ETHY, EVHABEE, ABYT V4 & v DEMH
BREBEEILEST, FIF—FBUICERELENDHETH
5, ChET, /A VvOBREMZALVF—- (Rixhiz
BIfR 9 2588) LA4 VARBOISE (KEIXEH
BuE) CoMBEEZHELNICTAOEE< DOy b
BRALNT XN, BALBRHBOAFA Y ET=
AVDTFT—-IWENEFN—KOHEDO LIZFED &5 zHl
X, BADOMB»ED Fig. 12 DMITRM Iz 5000,
5%, Fig. 2 IZBVWT/hNsaA4Ay (RICHFA
V) WRKELAFVOEDZERP LTINS LI, Kb
WRT EDICA X VKU LS ERAEZBET S EE
ZBE—IGOHFEBPHSOL. DFEY, NEBAFVOBE
WBAKFIA & VR () 2HOVCERBEREE 2 RES
NET, Fig. 12079y b, EEBEEEE LB
WEHI L 7272 D ERP S OIS E U LD EBIRa
b, ZDEZIE, AAvOBEHBICBNTAS I
HHE SN BFEERO™ L TERHEINBETH S D5,
W2 KB OCERNRIESBRETH S .
Plbsk~tzkHiz, KUBT =4 > D4 4 v BEEN
DFEMTD 5, FBANCA X+ v OERBBHEN (T4bb5
BEBBITIANY —) PREBHEZEOHOBEKE L
TERRTESBZEDHLMDITE 51285, ZOFBEFIXHER
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B E KB, 1%, 0 KUBT =4~ OBBRILFNZE: {4 VB RV VA b)Y — 11
) )
| | | v !
+0.5 ! .
- Li
TPB ! Cation Nat &
L
,'
>
~
¢~ O ]
m
c
<
- - : polyanions _
0'5 Hex4N*
| | 3} | l
0 2 6 10 20
Izlrc—z/ 101% n2

Fig. 12 Plots of A%¢® against |z]r.”?

(z, ionic valence; r., crystal ionic radius) for the

transfer of various cations and anions at the NB/W interface

O YRR I I B ST AV X — OB TS
Rz 0. T, 44 -BENT OWRHEHEIFA
KoNT, FOA4F Y BIAKTFIEE B L 18 L0 B
(BFLENT 70 —F) HRARTSSEBDNS.

5 KBKHP DR BEEERDTFDD)

INETTI T UHHEE, NMR, X #REHFE, 5% -
ARSHEEL ESHVSNT & 125, KAKF DK
VEBSEROEB RIS —RICEETH D, BEAA VE
DRET HEETE RV, FEEHE, 44 yBHAL
F VAN —HKBRPTORY) BSERDOMFTRESE LT
BHTHLLEEN OB IO, UTO LD LRIER{T-
7z.

—flE LT, 4.0mM Mo(VI) U 0.333mM IEY) ¥
BAA Y Z2E&G WH (pHO~5, IRHEMELLT
0.05 M MgCl, & 0.5M MgSO, # &%) & NBHHEOD
REZMANTES>NI GV 2 Fig. 13 IR, )
WAL 045V LV AICHF|T B &, 4.5>pH>1.0 DHE
Bc=>nEfkLrAEKY -7 (I, I, 1) 55

ntz (12120, pH<L1.0 T¥—7 ML EHE L), <
D EiF, WHRPIZAKS L SEEORVET =4
YHERL, REEEY - T NBAEAICBE LI &
EBEHRLTWA. 5B, Bi%x 010V »HIEICERT
E, NBHIEBESHULLZFAVBT =4 P WHIZES®D
WG 5= >DOEBRY -7 (1, 11, 1I1,) »E5
nNTWV3. ¥—7 I, dpHS FLTRKRKICKY, 20D
ZTFTRIDOE -7 2RTA L VEPROLBHETHS
ZEMDot. FLT, F0A4F VEEIKRD LS BF
JEIZ &0, lacunary B8 7 =4 ¥ ([HsPMo;,050]*") T
HBENERINT.

120 mM Mo(VI) & 10mM IEY) v 8% &t KIBEK
(pH3.1) 25 [HsPMo, Os5]*" % TBA E& U C BB
UP, % NBHIZINAT CV DRIERT-oEZ
%, [HzPMo;,055]*" @ NB=W—NB OBEIZIET
HYE—oxBB LN (12120 W R TOESISE
DFEB IR 5N ). RREAMIE pH IT&->TELL
tehs, @ pH EFEMIZ Fig. 13 1B 35— %t 1,
RO OFEBMOLDE—F UK. -7, 2O

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

12 BUNSEKI KAGAKU

E/V

Fig. 13 Cyclic voltammograms of the transfer
across the NB/W interface of the heteropoly- and
isopolyanions formed in the W phase ( [P]=
3.33X10"*M and [Mo] =4.0X107 % M)*?

pH: (a) 4.3, (b) 3.8, (c) 3.0, (d) 1.2; Supporting
electrolytes: 0.1 M TPnATPB in NB; 0.0 M
MgCl, + 0.5 M MgSO, in W. Voltage scan rate:
0.02Vs™!

-2 W%RT 44 i3 [H;PMo,,050]* TH5 &

ERTAIENTEL.

=3t 1, ROIL, 2789 4 4 YL, BR»HH
Micxohholitew, BEDOELIARETE TN
A, =% I, RO I, ICD2WTIEIEY) Y84 4 v
DRENVBERTHBEINSG D, A VKIVBT =4~
([HMo0,00,]*7) ThAHEEZEZOND. ZDLDIA
FVBEIARNLY VA M) —IKEBBIERKBBIIMAT,
2, 3 DFHBHIE GEEORFEEMRMEZHVEKRLVY ¥
AR ) = EERA ARSI ER) Ik BHER E D
BRAEZERTHIEIZED, LOTOORYEET =4 >
PL4h 18 a-A-[H,PMogOs, ] ©7P7 (p=3, 4) &
B_[M08026]4_ (RIZZ0ERT =4 ) OERIRE
Int.

R, E&50RIEBEK ([P1=333X107*M,
[Mo] =4.0X107%*~2.0X1072M, pHO0~5) » H &
Keggin B8 7 = % ¥ ([PMo0,,0,]°7) EHE s h i
Mo, ORI, FlkOBRAKMERE % HNTRD

Vol. 43 (1994)

FORHRTHIENTES.

[PMo,5040]3™ 1& |2 |/n¥?=0.248 T & 0 IEH IZBRAK
WTHbH., D, ZOT ZF VITKEKRPCHEEL
2 < K, T hitf b > T [HPMo;,05)*
(12 1/n¥?=0.348) @D & > 12 HLERIBKMED lacunary
ToAVvRAVERYVBT A Y HERTHHDEEZ S
N5, lacunary B7 =% (BB IIREYZSR) 13,
SERBBED Keggin W7 =4V EWERZY, ROLD
12 RISIZHE » TKBBA T AN X —BNCE R 2 B
EEOENTE S,

_—H" _
¢ o <=—=[H,PMo,,030]*> == [H3PMo,,03,}*
—-H" _
- [HZPMo“Ogg]S == .

D&, A X VBEARLY VA M) —IEK)BIE
BOFXF v 575V —Y 3 v B BRTEEDERIC
Bihcd s ENELITKE T2, BEE, Si, Ge, As
BEESCMORIZOVTOMIELEDTNS, B,
AFEEATOR ) BEROERBIEOHTICHLENTH
646).

6 ALY ALY =B VL)

2-3-1 ficR~S [M06019]2_ DO RERRENITHES N
7 a R BEER ([HsPMo, 0s0]* ") DEMKRIGICED
KARWEF VAR -8 VLY —REEL, Z0O%F
R PO A

Fig. 14 IZt v —DOEARZ/RY. 55D NB/W
REHSFAKEOBENEORBREICERIN TS,
NB fHACIE (TPnA),[MosO,o] D¥AK % KB N
ATEMIETH S, AVy v A M) —fEZaT
2= HBY AT LAY ERNCIT>. GE 1D
Ag/AgCl EREDEM % BIEOKRT V3 RAF v &
HAOTHREIL, RE2Rn5BHRZH & 1 OBEEH
WTRH U T2,

Fig. 15 i, REBRIAKIZ 04mM OV VBN S B4
(—) E|OVEGE (---) DA 7Yy s R VY ES
I L%NT. FIHAENA 290mV 2 5 350 mV DEF|IC
BT, [MogOol?~ DilifHA &K GEWNERER) ~
OBEICLBEOBHR OVBEEIN TS, Blxkt
CAMADHRENITBNT, [MogO)0]2~ DWIHANDER
VIS T AABRPFEN TN EDD, COT =AY
DKERTHRSPIZTBR L EDBSH S, KBET
W, BEOANT ORY BEEERDERICTSHZED Mo
(VI) 2863 2720, BWRENMZ 350 mV IC—ERRH
(Fig. 15 TIX 30s) SREL 2. RBARPIC) vBE2E
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Fig. 14 Scheme of the phosphate sensor system*”

A: glass tube, B: dialysis membrane, C: Teflon
tube, D: 0.1M TPnATPB NB solution, E:
(TPnA),[MogO1e], F: internal solutions (0.02 M
TPnACI+0.1 M MgSO,), G, H, 1: Ag/AgCl elec-
trodes, J: Luggin capillary, K: rubber caps, L: test
aqueous solution (xmM KH,PO,+0.5M MgCl,,
typically pH 3.5), M: water-jacketed vessel, N:
thermostated water (2510.1°C), O: stirring bar, P:
magnetic stirrer

I/pA

100 200 300 400
E/mV

Fig. 156 Cyclic voltammograms obtained with the
phosphate sensor (Fig. 14) in the presence (—)
and absence (- - -) of 0.4 mM phosphate ion in the
test solution (pH 3.5)*")

The potential was held at 350 mV for 30s. Voltage
scan rate: 20mV s~ !. The voltammetric currents
(1), (2), and - (3) are due to the transfer of
[MogO,0]2” from NB to W (dialysis membrane),
the transfer of [H;PMo;,O30]*" formed in the W
phase from W to NB, and its transfer back to NB,
respectively.

KR, EE, R ORVET =4 L OBRBALFERIE. A4 U RBEIRLY VA R — 13

LHEE, E_m¢;9k2wmvﬁﬁ Mo &7
EmFont, €—27(2)E(3 )&, KHEPO R
THEBRULIZATUR)BT7 =4 >~ ([HyPMo; 050 %)
D, ERENKEP SHBER T ZOHOHEENICLEHD
TH5b.

WIRICEICS 2 5 pH ROENMFRERME (o) Opg
EREILIZE A, pH=35 RO t=30s BEBETH
D, COFRMFTE(2)DEY— 7 BHRME (I,.) &
0.02~05mM O YEBEBEICHEIL .. B, ¥4 8
B YBOEBRZHEST LN, vBETS VY AR
BEAEHEL -T2

CORNEY v A ) —Bb Y — I ZAEBRNSA 4 v
REICEHERGIT 5120, BIEBM» 4 4 v iEEOWEH
WHKTE T AERDRT v g 4 MY —RI4 + VIS
BLDLIEBRSERBICMVNWTVWSER DN,

A VBEANSY X b)) —ICEBABEICRE ST,
EHEOBKVBT =4 Y OBKMREZIBE L. 20
BKMEREIR)BOBS T o427 I A MY — (5%
b, M b, HFE¥ERE) IKB0T, FrLn—
DDELE LUTHEHINTW L2 B35 60TH
5. X, KR THEL A 4+ v EREIIZI> VT oM
3, KX TR EHICBEMT AL —IZ D>V TDH
KOBEHRIIETLHLDTIERL, 44V -TBEST
OFEHAERZ B 358 L OWIEENBEROBED
kOE s ENEINS.

KX, BIZE 4BOA £ VEBEBERICOVWTOERIC
BOTE, TH B2 (BHEXEDER), REHKE
+ GRAMEH), B0 i+t (BRAH), A YiEt
(BHRAKE), BAMEEt (P KFERY) #2130
O, BLOFADPSAREREELHERS MY 2HEF L
. RBUTREHMHOBRZRLEYT. X, FBrOFZERT T

E@%ﬁﬁwt%PkEﬁﬂ%,mﬁﬂfﬁi(ﬁﬁﬁk
REVAE) LRFFEEORHFEBICLECBHOLLE
ER

X (73
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Solution chemistry of polyanions: An approach using ion-transfer voltam-
metry. Toshiyuki Osakal, Sadayuki HiMENO and Atsuyoshi Sarto (Department of
Chemistry, Faculty of Science, Kobe University, 1-1, Rokkodai, Nada-ku, Kobe-shi,
Hyogo 657)

Heteropolyanions are widely used as acid and redox catalysts for various synthetic
reactions. Also, their formation reactions have been the basis of the widely utilized
methods for the determination of such oxoanions as phosphate and silicate ions. In such
analytical processes, either water-immiscible or water-miscible organic solvents have been
used very effectively as extraction solvents and auxiliary solvents for stabilizing heteropoly
complexes. Although many heteropolyanions possess hydrophobic characterisctics, there
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has been no available measure for evaluating the affinity of heteropolyanions to organic
solvents. Over the past several years, we employed ion transfer voltammetry to study
the transfer of heteropoly- and isopolyanions at the oil/water interfaces, viz., nitro-
benzene/water and 1,2-dichloroethane/water interfaces. The standard ion transfer
potentials (A% ) of the polyanions tested were found to depend linearly on the quantity
| 2| /n%? (z, ionic valence, n, number of oxygen atoms), which can be regarded as being
proportional to the surface charge density of a spherical polyanion. On the basis of this
result, we proposed the value |z|/ n?* to be used for a hydrophobicity scale of
polyanions. This scale may provide a useful criterion for evaluating the hydrophobic (or
hydrophilic) properties of polyanions, including the stability in solutions and extractabil-
ity into organic solvents. The linear dependence of A¥¢® on the surface charge density
provides significant information regarding ion solvation energy as well. This dependence
means that the Gibbs transfer energy depends linearly on 1/r? (r, ionic radius), and it
cannot be accounted for by the Born-type electrostatic solvation energy, which should de-
pend on 1/r.  Such a non-Bornian solvation energy may be considered as the short-range
interactions of an ion with solvent molecules (i.e., donor-acceptor effects or hydrogen
bonds), which seem to play the most important role in the ion transfer energy. In addi-
tion to the contribution to solution chemistry, a few contributions have been made to
coordination chemistry and electroanalytical chemistry, i.., the characterization of
aqueous polyanion solutions and the development of a novel voltammetric phosphate
sensor.
(Received September 22, 1993)
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