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Fig. 1 Chemical structure of diOCy(3)
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Fig. 2 Schematic representation of the four-electrode electrochemical cell

RE1 and RE2, reference electrodes; CE1 and CE2, counter electrodes
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Fig. 3 Cyclic voltammograms of the DCE |W
interface with (solid line) and without (dashed line)
the addition of 30 uM diOCy(3) to the W phase

Scan rate, 100 mV s . The inset shows the
dependence of the positive currents at £=0.80 V, 0.83
V, and 0.87 V (shoulder peak) on the square root of
the scan rate (v).
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Fig. 4 Potential dependence of Cy for the DCE | W
interface with (solid line) and without (dotted line)
the addition of 30 uM diOCy(3) to the W phase
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Fig. 5 Potential dependence of the PMF response
for 30 uM diOCy(3) in W

/=1 Hz; ac amplitude, 50 mV; wavelength, 510 nm; v,
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Fig. 6 Complex plane plot of AF,,, vs. AF, for 30
uM diOCy(3) in W

Experimental conditions as in Fig. 5.
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E =800 mV
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Fig. 7 Dependence of AF, for 30 pM diOGC,(3) in W
on the angle of polarization of the excitation beam
(*F)
The solid line was obtained by a leastsquares curve
fitting with Eq. (1). E, 0.8V; f, 4 Hz; ac amplitude,
50 mV; wavelength, 510 nm; 6, 40°; X, 17 (6 and X
are the fitting parameters).

FITIE, BUKMEo®EIFF ¥ (d0Cy(3)) &L
FEBET =4 >~ (TCIPB™) (ZHUKFEIZIZWAE T, W
MPIZBER L THELEL TS, B EZ 04V LD LEL
AJp>0V) THE, ACVHIEIZL > TRENL LIS
diOCy(3) & TCIPB 2SFMICIKAE TS, S HIZEME &
06VEDDELTLE, FEITEK S A5 HNIZK
MOXFFEREATFAY (L) B4 V5 —=HL—vars
h, REBEHMRESNLEEZEZ BN,
RETED L) BHEEOWAEE IR SNE DRI
THRET 5728, diOCy(3) & TCIPB~ D5 ok Sk i AT
BiTolz. ZOMEY% Fig. 9 () \ORT. BT
DD di0GCy(3) 1&, N ¥ VEREBIZ X Y HFHAHEAEH
(Fig. 9 HICHERRCRT) &L, N ¥ VBRI & FATICHi
ATTEERZEELTHS. 2O BKIIMEE 225515
CEESh, ZRAEEEET S BhosfEozh
ZROZMIZIE =20 TCIPB MR ENTHAT S, LiaF
A & FUE A~ 3 S B2, LiTid 2O TCIPB™ D3
WAV —=AL—=2araEndhyotEzohs. F
TERAARDWHNEE SN TV LR (beli) DB
WX B EAROBLAA (8 30°) 1E, PMF 2 DR A
RAFVE A S 15 5 72 diOCo(3) D FRIH D BFAEI AT 5 BL I
FHRE 40° LML TE Y, RETH A LU L EE
T diOCy(3) & TCIPB 233tk § % L PSS 7z,
ZoEWAEDETIVKE Fig. 9 (5) R, TOET
VKT, R ASE 2 2 KR O B (Ade >
0V) #ZB LT, WAERBOKMICHET BHMCIIAENZ
BoOTCIPB BERboE LTHirhTwsd, T2
diOCy(3) DM 1 B 72T 25 AN T 528, E
CRERIC o THAEL TR EEZ SN, LiTOBHR

DN



;o mO, kS B, R BRI dOCy(8) AW LR FEAO T VA ) &R - TV ) TR A 4 v ORERE 75

E<L 04V 04VL<ELO06V 0.6V E
VYO i g e © - @ . i @
TCIPB- O ® & O ®
// x X x X X X
) e adr axnda ey
DCE DCE DCE

Fig. 8 Proposed mechanism for the facilitated transfer of a cation (here, Li") from W to
the co-adsorption layer of diOCy(3) and TCIPB~ being formed at the DCE | W interface

For further details, see the text.
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Fig. 9  Crystal structure (left) of the salt of diOCy(3) and TCIPB™ and a possible structure (right) of their

co-adsorption layer formed at the O | W interface
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Fig. 10  Cyclic voltammograms obtained for 5 mM
CaCly in W (upper) and 1 mM CsCl+10 mM LiCl in
W (lower) with and without the addition of 30 uM
diOCy(3) to the W phase

Scan rate, 100 mV s~ L.
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Table 1 Anodic peak potentials (F,) and peak
current (Ip,) for the facilitated transfer of
cations by diOCy(3) (added at 30 uM to W)
and standard potentials (A(‘Q’m) for their
simple transfer at the DCE | W interface

Cation  E."/V  Ag93"/V  (A09%=Ep)/V L. “/uA
Li" 0.446 0.620 0.174 480
Na® 0.471 0.606 0.135 700
K’ 0.434 0.542 0.108 550
Mg”" 0.350 0.644 0.294 550
Ca®" 0.359 0.634 0.275 780

a) Shown at the A(V;V(b scale, i.e., being corrected for the
reference-electrode potential, AE,; (=0.390 V); b) From ref.
17; ¢) Measured at the shoulder of the anodic wave. Note
that the bulk concentration was 10 mM for Li*, Na*, and K*
and 5 mM for Mg*" and Ca®".
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At the 1,2-dichloroethane (DCE) | water (W) interface upon the addition of a monocationic
membrane-potential-sensitive dye, 3,3'-diethyloxacarbocyanine {diOCy(3)}, an extraordinarily
large voltammetric wave, was observed. ~This was probably due to a facilitated transfer of the
supporting-electrolyte cation in W (i.e., Li", Na*, K", Mg*", Ca®"). In order to explain the
mechanism, we also carried out a determination of the double-layer capacity of the interface by
ac voltammetry and potential-modulated fluorescence (PMF) spectroscopy measurements.
The results have suggested that monocationic diOCy(3) and the supporting-electrolyte anion in
DCE {tetrakis(4-chlorophenyl)borate} are co-adsorbed (probably in multilayers) at the DCE | W
interface and, into the adsorption layer, the above cations of small sizes are intercalated, and
thus transferred more easily. This facilitation effect is more significant for alkali-earth metal
ions than for the alkali metal ions. A possible application has been suggested concerning the
voltammetric or fluorescence determination of Mg®® and/or Ca®" (e.g, water hardness
analysis).

Keywords: membrane-potential-sensitive dye; liquid | liquid interface; potential-modulated
fluorescence spectroscopy; facilitated transfer.



