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BE (RS - REOGZELTORRFE]: 8 X

HIEEF di0C,(3) I'KE L - HKREANDT7ZILHY LE -
ZIVAH)TEEREA * > DISERE

BRI E L KA

IRAE B AL B R RIAT

T hFF VRIOBBMNEZEEE 3,3- VT F VT FHAINKRY T =V {diOCy(3) ZRIML1,2-Y 7
oux% ¥ (DCE) | K (W) FREIBWT, KMHFOZFREMRE AN F+ >~ (Li',Na", K", Mg"*", Ca®") OfiE
ERBLEDONLZREIIKRELRVY VA M) =PRI ZOXD AL 2MAT 5720, KK
VYA PM)—ICE 2R HOBR __ERAROWUE, ROCBMEFECITMUMELITo 7. TORE,
diOCy(3) LM OHXRHEBME 7 =4 > (FFFF A @700 7 2=)V) R 73DCE | W F 12 0%
HL, TOWERBIIAF A XDNECAFFINRA v F =L —arsh, BEVEDIIL S LIS
SNz, CORERNRIEITVAVERID DT UH ) THEROFHFHEETH - 7.

1 #& ]

BAALEINT A8 L 720l SR 13 fe b HOR 2 AR AR oD €
TVRELTHMATH Y, MRGHEFRERRL MR RER
WZBITEETRA TV OREEED A H = AL OBHIET
HIENMBENTYRY. HEFE S, AERBEELD
ZALIIE U CHOG 2 2L X 8 2 A M e 322~V 1%
BL, BMZH#HEE (potential-modulated fluorescence;
PMF) 43963~ % o TR SR T 0 3OBI S O RF%E %
fToT&7. 1,2-¥7uuxs > (DCE) | & (W) R
BOTBN S WA 4 O Oh st om0 7=
VY OEEMEZE G HEO PMFISEIX, ZhEhoA
F VEMOENN & DD b RmEM KGR R T 2L
B SIPIh o7z, WA+ RV DmFEE, REEN
DEALIZIE U CTHIECOMED T OWAEIREAIZ(LL, W]
BRIV E A ) =R EPMFIOEZR L. VhFF v
WOy = MY OmHETY, FIEEMIN L2
F OWAE IRREZAL R WA SURIZ & 5 PMF IR ABIEE &
N7z, Ly LANH, £/ HFF RoBEEMERZEEHE
33-VIF VA FHH LAY T = 2P (diOCy(3); Fig. 1)
@ DCE | W R TD PMF JBEIZOWTHIRAZEZ A, 1
FEOTINC &y Ffi o5k (B E) oM RICR
FICRELEBERPWENSL ZEV gD o7z, TOWHRIIIN
F TR ETIIBR SN o725 DTH D, L
WHRET ORISR, Z ORE BRI OLFERE A F A
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Fig. 1 Chemical structure of diOCy(3)

CTHALTNAVER - TIVA) HHEERA L Y (LT,
Na’, K, Mg®", Ca*") OfFEIZL 2 RE~ORERT)TDH
HZEMRENT. DT, ZOHEMIIOWTHERS.

2 % B

2.1 # E

diOCy(3) 133 7Lt (98 %) % Aldrich 2*5HA L,
ZOFEMH L. MHOZRHEMEL LTHWAEA
(M) 722 VT A RATHFZ)FY)TVEZT L - T b
5% A(4-7unw7x=)) kY E (BIPPATCIPB) I3,
BTPPA D3t (BTPPACI; Aldrich #) & TCIPB ® 7
Vs CGREALEED) DX ¥ ) — Vs ziRAe L, o
ELTH BohHRENZMAK T MPERHL, 7T b
vexy = (1:1) oS Lz MHOBEEE L
TJH\72 DCE 13, HPLC JHORIE (FIEHiZE TRH) 2%
DFFHV KHOLRFEME & L THW LIiCl, NaCl,
KCl, MgCly, CaCly, K% DM IR HAIEE 2D &
I L.

b R 3% R AT IS L 72 diOGy(8) & TCIPB™ 0 3 i,



79 BUNSEKI KAGAKU Vol. 65 (2016)
5 mM BTPPATCIPB 10 mM LiCl
Pt 30 uM diOC,(3) Pt
(CE1) (DCE) —||+— W) (CE2)

Ag/AgCl
(RET)

1 mM BTPPACI
10 mM LiCl
(W)

AgCl/Ag
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Fig. 2 Schematic representation of the four-electrode electrochemical cell

RE1 and RE2, reference electrodes; CE1 and CE2, counter electrodes

diOCy(8) D T 7ALWIE & TCIPB DA ) 7 L% VA F )L
ZNEFY K (DMSO) (ZHEPLTRAL, e LTH
7z. 1% DMSO 25 Fdih L, $HRo B S 21572,

2-2 BRAZRI

BCHi o 2w &0, WEICH W NEROBERLS
VL Fig. 2 D) TH 5. AHMOLFREME (Licl) 1,
# H. NaCl, KCl, MgCly, CaCly (2% 2 72, 2 A& 0> 2 i 7 fik
(RE1, RE2) IZIZ$R/3EALSREM, 2 RO (CE1, CE2)
CIEHEI A VRV, RBRE ORI 0.55 cm® TH
5. TRTOWERRRSGEHET (25x2TC) Tlro7z. &
FE T, diOCy(3) (3 7ALMIR) (KM m L 7
g, AN R 72 BRI R O BAALF R E A <
Tolzlzdk, PMF MIEICB W TENHMEMHTAF SN
A EANEE T MM S DHEDEEEZ/NEL T B0
Thb. B, KA +1 D diOC,(8) 1FBIKMEAS
WD TEWZD, A+ D1 & & HIZEFEI M~
GERTHEEZLND.

2:3 KRILa> X M —HIFE
A2 )y 2RV VA M) — (CV) WETIE, PUEK
RORTFrvaxyy b (FHETHE, HA1010mMIS) %
W CREBER I OB A2 HH L, B0 & BR Ok
Fa v ¥a—FHECEDITo72. T/, RFvrvax
% v MR L 72 1R 2= M 2 F v TR S T o 3P
FWMELE RFUyyaxsy MK D REL & RE2 12
Fn L 72 BV, BB O 77V N = BALE (Agp=
¢V —9°) L E=ASO+ AL DBRICH D, 72751, AL 1E
ZIEBRICE > TRFEZEHTH 5. KRilETIE, Fig. 1
DENDAE,; (=0390V) %, ThNIAFNT VEZY
LAk Y (TMAY) OWHEREEN EY e nuas (50550 V =
Ao rn +AE) %ML CTRES 572 7271,
ASP a1 DCE | W i T TMA® O REH#E £ o+ > BH)E
iz (0.160 V™) TH 5.
RERHOBA _HEES® (C) ZHED 270, 3
KUy v AR — (ACV) WE" B1T-72. ACVRIETIE
FEO OV EEREDRERE 2 V7205, BRI E

i 5mVs ' THEI) A TS, 6,9 Hz ORIEE (IR
IE 10 mV rms) ZFEIL7z. BF >3 ax¥y MIX O
WMENBRGET LY, Ty svav s 40707
(R 7MEHET 70y 78, L15640) % v CRERAR
WOT FIv &y ryR (V) OFEBES (V) RS (v
7) RSV VICESEELE. YVOMWEID, YV =A0Cy (7272
L A RREOWRE, o 3HHER OB 2T cy
ZHEL o7z

2:4 PMF 3REIE

PMF I T1E, SEfThFge & J o % 2 [ L7, il
FH 2 5 cw DPSS L —H# — (Photop Suwtech #, DPBL-
9010F; 473 nm; 10 mW) % &5 (A4 . £ 80°,
B s - 67.6°) CRRBRAHENIC ASS U7z, sRBRAH (CEIN§
B EMIZIZ0.2~5 Hz OIEM (HRiE : 50 mV rms) %
MY, EREMZ 5mVs  TRIILZ. ZLT, RE»s
DHOUE T 2 OCE RS (SERIETE, AT100PM) &
E/7uX—%— (A SPG120S) % A\ T# &K 510 nm T
ML, ZHFYsvay 24 77 (LI5640) %M
W, PMFILE (AF) O ERW S (AF.) & BB 5
(AF,,) %iFkL7z. %8B, PMFIGEOWIGAKLHEE,
TRIERMEAR & RIET-% 38 L 72 L — ¥ — 6% BRI 12 A ST
TAHIEIZLDREL .

2:5 X iRfERBERET

HAE BB O T 7 — & OWEE, [l PR X R
(MoK, #, 0.71073 A) L ZJEIEEN I 7 — 2R 72
Bruker AXS # APEX II Ultra # il L CEILTIT o 72, &
A 3 R 1X SHELXS-2014 # W T EFEHEIC X ) kD
SHELXL-2014 % F\ T T5HR/N 2 s X 0 FP sk
DWTHEILL TRz, KRREFAEIIERET VLD
FrE TR

3 RREEH

3-1 CV#lE
Fig. 3 \Z/KMOLHFFEME L LT LICl Z 2L E 0¥
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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).

BIREDOHA DA (base) TIE, 0.1VAS 09V DJEWTE
MHEBICBWTHELRBIRIBIG SN o72. LAL,
AMNALIEEE (30 uM) @ diOCy(3) ZMMZ 5 &, 08V X
D HIEDBMBIRICY a VT —IROE — 7 ZHEHOEEITK
EZIEBERBEABNZ. 2o —7ERME (1) 1, +1
Wi A > OB OB (2 uA; ILHREE 2x10°°
em®s” ' E45E L, Randles-Sevcik 25 BAED 5 72) O
270 i T o7z, F72, 1, \SHWTIHEE v OFITARIZHEI L
(Fig. 3 DWHFIX), ZOBIESCEUND A+ A (T4
bEILREREA A V) OWEICKR SN TV S Z LR
ANz, LT, BSINZEBRMEHIE OKAD S M~
DIEBWOBHZIELT2) THIEILRLEREETS
L, COBREG 2 B4 CHIEAKMUOZEERE S T
FTrOLTTHD EHEES N

3:2 ACV #IE

Fig. 4 \Z ACVJllSE I & o TR b o 723 1 O R
HEAER (C) DBMKFHELZRT. 22Tk, CVTHE
WIZREZBRAIEN - EHOBMERIZIECTH S, K
BN TIE, BEEMZIZE L base IZBWT ¢, DZEAL
RN o725 04 VU EOEEMHMTIZEEZN
AT LD CuDEWRBR LN, T, ZOEM
FIICBWTHF 4+ VA FETH S diOCy(3) S DCE | W
FOIICWE Lo RedErEzohs. LarLl, REmEME
(ASe) DSIE, F b HAMATMANC AR TIEICHE L 25
WICHF A VHAWETEILEFIRINVF-ISEZ DIzL
W, L7 C, MWMMHOFFERE T =4~ (TCIPB™) #°
HFA U FE L LD IR HRBRE L TSR
Y (A

O, &F, B KRR S0 dioCy(8) 23WAE L7 FREA~NO T VA ) &) - TV h ) THEERA 4 > ORAERE) 73
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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

f=1Hz 12
15 . . . .
0 0.2 0.4 0.6 0.8
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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,
5mVs L

3-3 PMF HITE

Fig. 5 |2 diOCy(8) ® PMF & & DEMAKGHE 2 RT. CV
CBWTHE SN -REICKRELREBREDY S L) D
BALICHAR 2 PMF IREFHIE SNz, 08 VL RICEM %
#9135 &, PMFRESPEFICRLEICRY, BHEOD
BLREHDTE Lh o727, Fig. 5121308 V £ TOH R %
RLTWA, BIRT )12, PMFIBEDERED (AF.)
MIE, BEWKS (AF,,,) PHROMEEZRLZ. ORI,
B BALEH E PMFES & ORI 90° INORAZAED D 5
LoD, HEMMTIEIEMARTLIZEEZRBELTWVDS,
ZOFEHIIZOWTIZH LTI R WD, EEMEICBWY
TR\ SNz FE L TCPB & O A58 N T,
t#ER ¥ 7213 TCIPB ® 7 = =)V & D p—n FHEAEHIC
o THFIFWHAINTEY, L' OREBHN~NDOAL ~
§—hL—3 3 K o TR O RPN 2 i oL
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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.

L, bEOWEEIMZoNEEZLILDTEDLEA
).

Fig. 6 \Z7RT AR, & AF,,, OBFTFH 70 v MIBWT

4GB EMBICEN T ey MRSz, B
TIIRET 2 PLER IO MAAT X3 LS, Bl S - B E
FNNE B &, 4 GBUCBIN 2 B O PMF IS
KA S D H F 4 v ORAE BT 5. KEBHSM:
T, Li" KA & B ~EAE 3 % BmELISRIG L Tw
2b0LEZHN5L. =B, Fig. 5IR L7 L) I PMF It
BENEROBRIGE L) SAOEBMTHE I LD,
FEOBHEFVUTEMEIICIEAR LTV S

X512, AF, DR Y — A OEHRGA (W) %2
ETHZLIZL - T, DCE | WHREIZHA L 72 diOCy(3)
O TR DWW TR, BRI E s ®t (A
Ml) 25 p ot (AFHIPT) T3 ELE,
plE (P=0") IZBWTAF, b K& Bl SN, AF,
O YRR T ORI Lzdio TEILT 5 2 & 255
o7z (Fig. 7).

AF,.= X{sin® 6 cos*(90° — ) +
(cos” ysin® @+ 2sin” y cos” B)sin” (90° — )} (1)
22T, 0 FFHEOERIIN T 5 EFE ORI TF € —
AN (FESTFORMITEIET) OFHERSA, vik
2 ¥ — 2 o KB, X 1d G bERE O F GRS HhkE
SR SIS A BIERTH L. ZoXREHCTH—
TITAY T4 Y TRITOIMER, 0=40° L VI HEIELN
7=.

34 FHIhBIRIEAH=ZX L
EBARERDP S FRLUZZUB A A = X 5 % Fig. 8 IIRT.
FTEN04VIDD/ASVEE, 2F ) A BEDEN

KAGAKU Vol. 65 (2016)

f=4Hz
E =800 mV

0 20 40 60 80

¥ / degree
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
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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.

ceec0C
IN00zZ0®

Water

Oil

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

POZFORBEIILUTOLHICFHMTE 5. CVIllETHES
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LGSR RE %2 5 5 WAL, &SRS O, 5
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LD Li" A S, o & HWIEERICRS T
H59.
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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.

Table 11213 ¥ — 7 Wit (1) bRL7ZA, —ffio7T
VHVEBAFF M7V YEEBAFF Uk
ORI KEBREZR SN o7z KHISEMLRiED
HFA Y ORE (10 mM) PHEFEORE 5 mM) DO
ol a2 EBETAHE, BONCEBRMEICEHATFF D
A E T W5 Z EATR SN,

4 At El

diOGy(3) IZ TCIPB & & H 2 DCE | WREIZ (B#5<¢
L) AT L. ZOWERMITE T diOCy(3) &
TRAAFERL, oD TCPB EXHICEBLTWS L
HESNL, ZOMENICAF YL XM SBT IV HY
&lE TV H)THEERAF OB v —HL—va T
BT EIZED, KIS REE~NOBEHPELIEZ 5 D
DEEZLNDL. ZRIZE-TAF Y BEIZX BREEITK
EREHS, RMBEMIRET 5 dOCy(3) RO HDLIE
BV EINDG, COBBZREITVHIVERAT LT
VH ) THAERA A (Mg R Ca®Y) 2BV THEHET
HY, M@ R CTDORL Y v A M) —RHBREIC L B
(728 21E, KOTEDHH) ~DIEHPFEENS.
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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.



