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A liquid membrane disk electrode, LMDE, and a liquid membrane ring-liquid membrane disk
electrode, LMRE-LMDE, were developed by placing a solidified polyvinyl chloride thin mem-
brane impregnated with 2-nitrophenyl octyl ether, NPOE-LM, on the surface of a glassy carbon,
GG, disk or ring electrode. A couple of redox reagents and a supporting electrolyte were added
into NPOE-LM. The voltammogram for the ion transfer at the interface between an aqueous
solution, W, and NPOE-LM was recorded by setting the developed electrode in W and rotating at
a rate, @, between 0 and 4000 rpm. Though there exist two interfaces (W | NPOE-LM and
NPOE-LM | GC iriterfaces) in the liquid membrane electrode system, the reaction at the objec-
tive W | NPOE-LM interface could be analyzed when the NPOE-LM | GC interface was depolar-
ized by redox reactions of reagents of rather high concentrations added in NPOE-LM. The sen-
sitivity of the ion-transfer current at the W | NPOE-LM interface, I, was enhanced to be more
than 100 times better when LMDE was rotated at @ higher than 200 rpm. For examples, the
limiting currents, 1, at LMDE observed for the transfer of tetraethylammonium ion, TEA", from
W to NPOE-LM and that for the transfer of K" from W to NPOE-LM facilitated by dibenzo-18-
crown-6 added in NPOE-LM were proportional to concentrations of TEA" and K*, respectively,
in Win the range between 10™7 and 2 X 10™° mol dm " * when @ was 1000 rpm. The standard
deviation determined by 5 repeated measurements of 7, for 10 ® mol dm ™ TEA* was 3.2%.
The reversibility of the ion transfer reaction could be evaluated based on the dependence of 7 on
@ of LMDE, and the reaction product at LMDE could be identified at LMRE when rotating
LMRE-LMDE system was adopted.

Keywords : liquid membrane disk electrode ; liquid membrane ring-liquid membrane disk elec-
trode; aqueous | 2-nitrophenyl octyl ether interface; ion transfer; sensitivity ; reac-
tion process.
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(a) Liquid membrane disk electrode (LMDE), (b) liquid membrane ring-liquid

membrane disk electrode (LMRE-LMDE) and (c) glassy carbon (GC) ring-Liquid mem-

brane disk electrode (GCRE-LMDE)

1: Liquid membrane; 2: GC; 3: Teflon; 4: Lead wire

4 A7 BEBOPEREN, Fa A7 BRTORSERY &
HEEZ & - T v 7EMICEESE, The) v 7ERT
BT 522255, 74 227 BWTORILERY DFRGE,
REEERD DTG OWMEIFThITE "™,

ek, LioRET 4 X7 HLVIEEERY) ¥ 7 -F 1 X
EME, BEARERETER SN, BLRITIUCDOBIEICH
WHNTEZ, LaL, @&k ERIC, KER (W &
A (0) ORETHELLEN [+ rHIHVIAES)
BEEGL TS v X MY -0 s LTI s
LIEPHLMICENRALYT™. 22T, bLW|O RN
AfE S TCRLYETZ T L2 WETE I EHFTARISAN
W, EET 4 A7 BRLEERY 7 -7 4 A7 BBORMT
W | O REBEMNBE L OME LI IIEHTE, o4
b3, ALy, Wb E~OIEHL T INS.
FOLH) BWFEOB L LT, 2-nirophenyl octyl ether
(NPOE) # &riz &7z polyvinyl chloride (PvC) ZEALY
BN ATE M 2o R AT I E LT & L, 2h s s
THELZRLVYETIAIEINT, YA+ ORMH
BEEEOREERERELLY) LTEL0Y, 77 AN
BoOTH%E%LILED polyester BETHIWT, MENIC
1,2-dichloroethane (DCE) # A, ZALEMRDOHB/NLIZ
R X5 DCE & W ORMEE B LT, {4 X BHOI
WHFEWEEZTE) L) 0" H 5. LirL, iz
W | O R TOEMBH O 5HALENHRITR L5
WO REY > 7 -5 14 A7 BRIV TRE LB 7%
W,

AWFFETIE, glassy carbon (GC) DT 1 A 7 Wk

R OEEE) ¥ 7 -5 4 A 7 RN NPOE & 5 S/
PVC O WM % B L 72 BRI 7 4 A 7 BH L OF Bz
By - 4 A BERARE TS EEHI, REL
7-EmEEHOCTEEOW| O REEMBEN LA BIZEL
ORALZER LA S, TS OBMOBEHMEHS ML
7.

2:1 T «+ 2784 (LMDE), %K > J-%KRT
¢+ 27 &8 (LMRELMDE) DFH

YE# L 72 LMDE % Fig. 1(a) ZHAIR L7z, W
iz, F7uryBEomf (SHE 16, NE53, K50
mm) (2 GC DM (EHFE54mm) ZHALT, £OT
M PVC 12 NPOE % &2 S & 7-ii (HE 9.2, EEH
0.3 mm, BLF NPOELM LBGL) ZEELZLDTHS.
NPOE-LM %, 0.01 M (= moldm ") decamethylferrocene
(DMFc), 0.01 M decamethylferricinium tetrakis{3,5-bis-
(trifluoromethyl) phenyl}borate (DMFc ' TFPB™) KT 0.03
M bis(triphenylphosphoranylidene)ammonium @ TFPB
# (BTPPA'TFPB™) % %% NPOE 4ml & PVC 1g &1
tr tetrahydrofulan (THF) 12 ml 2 ¥4 LT GC &Kifii 12
T L, BERAEIZES L )CHEELRAS THF &
A, WX E TR L. 22T, DMFe XU DMFc’
iZ, NPOELM | GC Rifi% EFREULIC & o THEHE S
L 0OWETH THS. T/, NPOERE#HE LT
DB HF PVC IS FERIEE FroE 27200 #H & L
THE<.
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Fig. 1(b) {278 L7z LMRE-LMDE i%, LMRE (#}{% 13.2,
M 102 mm) & LMDE (HE9.2mm) ICX DR IN
%. LMRE &, LMDE ®#MiliZF 7 a > [t (9HF 10.2,
M9 2mm) ZALTEELAZGCY ¥ 7 (MHF 1.2,
M 10.2 mm) OEMIZ Fig. 1(a) O LMDE & [d k7%
NPOELM (E& 0.3mm) #BEZELAbDTHA. LMDE
TORISY, LR OBALETIS % BT 52546120,
WIRAZ F7-72 v GC &) v 77&M (GCRE) & LTHWw
[Fig. 1(c)}.

2-2 LMDE, LMRE-LMDE TORILZES 5 LDBEE

W | NPOE-LM R HE TOEMBE RN ¥ €7 T 4 OWE
TARIE, (1) OXHITRTILEHPTES. LMDE H
%\ & LMRE-LMDE, $H-IE{LEBHEER (SSE), A&
(PO Z2YHBIA 4 > R UT 0.1 M MgSO, (ZFFEME) %
FOWHICEE SN TV,

[w—(;L |
|

o

GC |0.01 M DMFC'TFPB™ | B#IA A > SSE, Pt

0.01 M DMFc 0.1 M MgSO0, (1)
0.03 M BTPPA'TFPB"

{6c] I_[NPOE—LM] F—w) !

< REER ——>’<—— BB K B

H# WINPOE-LM R

RNVYETTLOWWEICBWTIE, LMDE & 5 Wik
LMRE-LMDE % 0~ 4000 rpm Tz S 4, GC & WH D
SSE MUZENIN L 72 BALZE (Bved) ZEREL, Ff 2 MY
LEMEXEMR (Uvoe) ELTPLE GCIZEoTHRIBL
7. 22T, SSEXIEALBRCHE L 28U % 1 M LiCl K
BRIZRL2bDTHE. KUETIE, EEFTAWH»S
NPOE-LM, BEEM A NPOELM 75 W IZBEIT 2 & X2
N BERPEERE D, S EOBBSHIEER &
%5,

i35 L5912, (1) DXLHRTIE, W|NPOELM
& NPOE-LM | GC @ 2 2D R CTEM BB SIS A4 U,
W-GC BHZEIM S N7z Evee 1, 202 REO BN Z
(B | vvoraas Fworsjee) OFE 2B ARBFZETIX, NPOE-
LM HUZHERE D DMFc R O° DMFc 12, Byce 221k
SELEETH, HWATTH S W | NPOE-LM R D
Evjxvorin D3 EE LTEINT S L 912, NPOE-LM | GC &
I 1& DMFc/DMFc” O FEALER LIS IC & o THEB S+,
Exvoramce W 3HEE—m & L7,

WIREM Z AV 2 0E TlE, BERERZOFTLEICE 2
N 2 75 Y FERDEENICR LN 2B 5 62
X, tetraethylammonium 14> (TEA") ow»bH
NPOE-LM ~DOEEjE - 0.2 & —0.55V (4} SSE) DT

BEIE, W, ORI : (W42 LMDE B ) O°E 5 LMRE-LMDE D R% & gk | MR TO A + v BEIKE 967

Fvoe ERELTHE L2225, 20 X3RO L) %20
WMEEITo72. Thbb, HEEET XHFEREOALEE
CWIZEREL, £3-02VO Ewe ZAML722$ 155
MRFFL, AIEML 7. ROT, Buce & —0.2~-055V
DETNY 2759 0 FEBEP—EERDLETHAL 27 >
ZRBIL7: (BEIEE 1mVs ' T4a~50). %5, B
A4 v OBBOBEIIN - T, ZORIKBIINY 775
7y FEREZHEL, FIIEBHI LN L #FERL 7.

2¢3 W|NPOE, NPOE|GC REITDRILZET T A
DRIE

W | NPOE-LM K. UF NPOE-LM | GC D 2 DD RME % 4 L
72 W-GC B D BN Byoc 2 ETEL THEONER VY £
7 L BEY 572912, W|NPOE Rifi & U° NPOE | GC
REATORVY T 72854 WE L. 22 THC
NPOE L PVCIZL o TEALL TRV b DTH 5.

W | NPOE Rl TORIEDEEIL, MEI2mm DT 7
O M W NPOE RIEAER L TiTo7:. KLy E
77 uid, X(2) &) b VR THIE L.

SSE, TPhBE {0.01 M DMFc'TFPB™ | 0.1 M MgSO0,| SSE, Pt
0.01 M DMFc (2)
0.03 M BTPPA'TFPB-

{NPOE] vl

WHHZII S FFERE TH S 0.1 M MgSO, #fil1 2, NPOE
PICIZXHEMBETDH S 0.03M BITPPA TFPB K OB 1L
RILAETH 5 0.01 M DMFc, 0.01 M DMFc ' TFPB™ % 1l
Z7-.

RNV ET T AOWMEIZHRT- > T, W|NPOE 71D
ATEED W 3% L 72 SSE LA 5 NPOE H o> £ IR b
(tetraphenylborate 4 4 ¥ B M . TPhBE) OEML &
LTEIM L 72 8% (Fvjwor) ZERL, W|NPOE FHE
TOBF (v wvor) & W, NPOE H1{ZZ%1E L 72 Pt, SSE
W&o TR L7, %8B, TPhBE XX (3) Dk K
kL7

SSE{0.05 M Na'TPhB~
(W) [NPOE]

|
'—— TPhBE ——

0.05 M TPenA"TPhB"

[(NPOE & EHK ] (3)

Z I T, TPenA' i tetrapentylammonium 4 # ¥ % 73
T

NPOE | GC H T KIS DBEIZH 72 GC 7 14 A 7 Bk
i, 77 A (NE9.2mm) 12 LMDECH WO
LAtk GC A HOAA TR L. NPOE | GC R
HTORNVEY ET T LOPEIYS72 5 Tld, NPOE 2
A& L 72 TPhBE Z ZHEM L U TEMN (Bwor o) %
ML, NPOE H® Pt &k & L CTEA (hoor o) % RIE
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Fig. 2 Voltammograms (a) for the transfer of tetraethylammonium ion (TEA™)
from aqueous solution (W) to polyvinyl chloride membrane impregnated wnh 2-
nitrophenyl octyl ether (NPOE-LM) at the LMDE, (b) for the transfer of TEA™ at
the W | NPOE mtelfﬁcc and (c) for the redox reaction at the NPOE | GC interface
Composition of W: 0.1 M MgSO, in the presence of 5 X 107°M (= mol dm )
TEA"Cl™ (for curve 1) or in absence of TEA'Cl™ (for curve 2 and 2'); Composition
of NPOE-LM or NPOE: 0.01 M decamethylferrocene (DMFc) + 0. 01 M de(,amelhyl—
ferricinium tetrakis{3,5-bis(trifluoromethyl) phenyltborate (DMFc TFPB ) +0.03M
TFPB  salt of bis(triphenylphosphoranylidene)ammonium (BTPPA"TFPB); Scan-
rate (v) of potential difference between W and GC (fiwce), W and NPOE (Ewror)
or NPOE and GC (Envorcc): 1 mV s Rotating-rate (@) of LMDE: 0 {for curve 1
and 2 in Figs. (a) and (b)} and 1000 rpm {for curve 2" in Fig. (a)}

L7-. NPOE H I3 X EME L LC0.03M BTPPA"  Z&ELKEHEZIRY ¥, DMFc'& BTPPA' 2RS¥ 5
TFPB Z A 7. ZEIE o T L 7.

%%, LMDE & % \»iZ LMRE-LMDE ® & & & [{ £k, K ® W | NPOE FH B8 UG D% 3 dibenzo-18-crown-
W | NPOE R TIZ EEM AW 5 NPOE ([CBE/ 35 & 6 (DBISCH, Tokyo Kasei #) % NPOE HSIZ THT - 7.
X, NPOE | GC RECIXEF (M) #°GC A5 NPOE  DBISC6 OAHMYIZ, DBISCE % acetonitrile (2 &A%,

BB L XHENAEREAERE L. KEMATEERTAZEIZL>THREL.

KNy E7THOMEE, 25+05C Tiot. FOMOBEV-RAE, HEEERGTH 5.

2:4 B X 2.5 ¥ &

NPOE (Dojindo &) H o ZHEME BTPPA TFPB & RNy EY T AOWEIE, BERbEEE JeETH
U* TPhBE (2 V72 TPenA TPhB &, Bi#'"Tab~<7/F  HR-103A®), K7y aAF v b (4[::‘%‘%1:%2
FICk o CTER, MR HA1010mM1S B & OF HA-151 &), Bt 4EdH (L&

DMFc TFPB 1%, 0.025 M DMFc (Aldrich #) % 0¥ 0.025 BOHB-111 %), XY ZR8kFH (MmMERR 3086 B) & Hw
M Na 'TFPB™ ¥ % &tr NPOE & 0.025 M Ks[Fe(CN)s] % 72,
G WEIRVBELBEL SHHEYEL, ET D NPOE

3 iR EEE
o WADOBEFIS & Na”® NPOE 25 W ~DRE) L MREE

IhE RS CHRB L. DMFc & & twkmm;t 0.01 3:1 LMDE CORILZETZ7 LOFHE
M DMFc' TFPB % &t NPOE & 5x10° "M BTPPA"Cl™ Fig. 2(a) Oi#R 11k, (1) O LMDE RO WIZHK
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A4 F5%xX100°M TFA+%ijﬁ'Al:%i?E& LTHA, Ewce %
i*bfﬂﬁttfﬂ&%fﬁAf%% HifR 213, w

CTEA  ZMATICHE LNy 7 ¥ v REL Y EY
7A“Co*?)é. %, NUZEITERE MG TICITo 7295,

ChE, BonRVYEST L%, Hiz&ds I E0H
#7 WINPOE RETORELY TS T L ERETA7:0T
HbH., 2T, W20 L9512, PVCRMEL 7z NPOE-LM
EWRETRHELNSL Ny 775 NEfild NPOE i
EWDORETOZN {Fig. 2(b), MR 2} ITHTHE
W2h& < {Fig. 2(@) & (b) CTREBHRATY—NVHEL D
TR, LA o T, NPOE-LM #HwiuE, &9
RREDA A+ OBB 2 BIRTE % 2 LITERE .

Fig. 2(b), Hif% 113X (2) » W|NPOE RiiHD W
25X 10 "M TEA'Cl # I Catsk L7z R VY £S5 T A,
M 21X TEA'Cl ZMATIWCME L 2N v 2 7o v K
RNVEETTLTHDB. W1 DIEBDOERIEIL TEA D
W | NPOE f#8), [EBROVH LAY (R EE LT
& DMFc™ @ NPOE 2° 5 WANOBE), BERDOILDL TS
D (RETRELIER) 1 Mg O W5 NPOE ~D R
WCENYT 22 L%, RIZMA7Z TEAT, DMF', Mg ®
RIEIIN T D2 BROKAELZMRD 2L > THERL
7z.

Fig. 2(c), MI# 11E, 0.01 M DMFc, 0.01 M DMFc*
TFPB™ & ¥ 0.03 M BTPPA 'TFPB % &% NPOE & GC ®
RETRSFLZ-RKVFESILTHB. IEEFRIZ DMFC
? DMFc' ~OEE{k, BEFIEZ DMFc' ® DMFc ~D %It
X o THEL B, REETIX, MAS5N7 DMFc R
DMFc TFPB A"&i#E TH ), GC|NPOE A% DMFc,
DMFc " DBILRTIZE o THEHB LTV A9, EikH
CEMENEHE) 5.

LMDE 5% [Fig. 2(a), Hifi 1] CTHEINITHEDE
Mk TEA" O W | NPOE-LM MR EICEE$T 2 & %2 5
N5H, WomBY %EMIE W| NPOE R R |Fig. 2
(), Hi# 1l TOFROBERBEDFNEIZRELS. F77,
LMDE 4 TOIEH OERKE OE X & W | NPOE REGHR T
DENLITHARTHE N,

LMDE % TORNV Y €75 4 {Fig. 2(a), M1} ®
¥, NPOELM2SBEE LTWEGCEMTTEY,
W-GC 1213 H ) W | NPOE-LM F1f 72 1) T 7% { NPOE-
IM|GCREDFLET LI ERVUTOL) ZERTHOE
WMBERLVSY €77 2088 e 42 4bE BT
5.

FEODI V=TT, B (M) 24 L7248 (Wi,
W2) 2 BT 28T % WI-W2 BB (Byiw)
& WI-W2 H&ER (hawe) OBIRBHMEE LTBEL, 2h
EFBFICHE L7 WL | M, M| W2 RETOREENMNE
(B | wy Eujwy) & REEMBEER (1w1|M, Ivjwe) OF

B, B, RE : BlE LMDE %A & O LMRE-LMDE O B % & mizkH | HRARECTO 1 + » BB S 969

1@%{%‘%& ZHELT, ROBHBERLOZEFHSIZL

2V b Y, Baw EHIE R, —H O RETERH
H %Eﬂ LTRE %S mm.mz; XTI, W1, M, w2 o
SHPOBEBRFHEZ RO, MO RE TS FHm
’F]E@E:ﬁﬁ‘(ﬁﬂ Eyiwe iE\mv[ Eujwe BT RyiweRuiwe
(Rwiwe 1E WI-W2 B OBESIEN) OME% B, 3N
RERELER, Raw WHEWVE X KywsRuwe [ THEHT
&5,

Ewiwe = Ew | M + By | we ( 4 )
K(4) &, sSMHP T LEMBEXELL X, BEEM
Ewiwe “iﬂﬁﬁ!@ 2 OO)%ET@%%%QR[U JZEY?TZ; Z

EERRT.

K(4) OMKEEEIZBVT, LMDE RTOKRIL ¥ E
77 & |Fig. 2(a), Hi# 11 & W|NPOE RE R THX
V& ETT L {Fig. 2(b), HI# 1] KU NPOE|GC R
RTORVYET T L |Fig. 2(0), B 1] 2HET 2
L, Fig. 2(a), HI# 1 0BERKKIZ, TEATOWHh 5
NPOE-LM ~DO#H) & BF D GC %> 5 NPOE-LM ~D#H)
(DMFc" DRIT) PEELTHELZLDTH S Z &350

5. ZO®IZ, Fig. 2(a), WM 1 ICAOEREIEHN
HEMAFIRIE Fig. 2(b), M1 OZREZRL2S. A
BRIZ, Fig. 2(a), H#R 1 OEBHMIZ, Bvee DRAEET

NPOE-LM 2% 5 72 TEA" D W ~DO#BH) [Fig. 2(b),
M1 OB L ET D NPOELM 25 GC~DOBE)
IDMFc OF&AL: Fig. 2(c), Hi# 1 DILERKWKE! 12koT
B IND., TOLIICLMDE ROEN Y E£7 5 4128

A FHIE, W|NPOE-LM & NPOE-LM | GC ® 2 AT
DRIEDHEEIZ L > THEL 2, NPOELM | GC HE 38
BMLTWDEEVZEY, ZX2HNLBERIIETF L&D
BILIZKGEST 20T, Fig. 2(a), 1 OBHEOM S
i, Fig. 2(b), M1 OZNS XY /INXL 25

PEOEBERLEZEILOWO2 R I HIC, K(1)
? LMDE AT, W-GC MIZEIM S N7z EByee ZERE LI E
&, EWBHICZHE L2 VH W] NPOE-LM RO
BE (Byjwvoen) PEELTEATZ L1272 70
(21&, NPOE-LM | GC if & BEALE L RS IZ X » T+ 4018
WS, Bworivjcc BHFVEMLEVEI L TBH%
TR 5% v, AW TIE, NPOELM HIZTE 57513
FiEE (0.01 M) ® DMFc & DMFc" 2 CZOHM %
ER L7

3:2 [E%: LMDE TOA # > BERIE

Fig. 3, Mi# 1~61%, (1) » LMDE %D W I
1077~5Xx10""M ® TEA"Cl” #1 2T, &M% 1000 rppm
THIESE LB HEHE LRV ET T LATHY, AER
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Fig. 3 Voltammograms for the transfer of TEA"
from W to NPOE-LM at the rotating LMDE

Concentration of TEA™ in w: 1) 1077, 2) 2% 10 %)
5x1077,4)10°%5) 2x10°°6) 5x10 °7) 0 M; @
of LMDE: 1000 rpm; v of Eyce: 1 mV s !

Wi TEAT O W 75 NPOE-LM ~ORB I K IEF D GC
75 NPOELM ~OB B OB AN T 5. TEA T DRE
Hox 107" MU T THIE, FEEERTORILEIT
RIEOE4E L RS, TEATOBBEIE Y 7E4 FIRER
b, 79 b—nRRAER () 2525, &8, TR
LRV ZEZ S 413, TEA'CL 2 MATITHE L 72
vy 7oy NER (—Blx i 7R Y) 2L
THELEBEDOLDTHE., SHBRTRVYES T LI,
Ny r 752y FEREZELIIVWTHIELTHS. TEAT
DOWEN5x10°M (Hh#6) Lkt &, TEA  OBEH)
B —rkEBo A, ZhiE, PVCTHEILLZ
NPOE-LM H1"C @ DMFc % DMFc ™ O 35 548 I (2 2 <,
WHOA T iEENKE L, W|NPOELM #iEi 4 4 8
BEN% b L, NPOE-LM | GC BT TOEFBEH S
AW | NPOE-LM FTH TO A 4 ¥ BB SUSH I8 HE
LG BB THA).

LMDE T® | 3 BBOEE (0) %1000 rpm DL &,
107 7~2% 107" M OH#PHT TEA BB L7, 107"
M®TEA % 5 HIELAE &, [ OREERMEL3.2%
Thotz. TITHLNAERL BT ORI W|O Fiis
PR EATOAL F Y BERL Y 2 A ) —ORIHEE
PREOHETH X 10 MRETHLZLEELAD
¥5&, OOPVCEMLEUYW|OREOMEIZL T,
Ml EAZEL < GO UL MET s Enhsb.
—7, PVC E{LL 72 NPOE-LM Tl L7z & &, BEEE
1000 rpm TOMEERIC & 5T 100 BEREHE ELZ. b
&, SR ORLE D SIFET R EEYLR CEEEO MR T
H5b.

TEA® ® LMDE ~O BB D34, K O DBI8C6IZL 5

KAGAKU Vol. 53 (2004)
EEBE LM L. $4bb, R(1) ® LMDE %®

W 2 KeSO4, NPOE-LM (Z 0.02 M DB18C6 2z, WH
» K'® NPOELM ~OBE #MlE L7, K OBEHED §
3, WO 1077~2%x107°M O K L. 107"
MEKIZOWT L2 5EMIELZE ZORERED 4.2%
Thol:.

3+3 LMDE OB E 1 + - BEERORRE

#(1) ® LMDE RO WIZ10 °M ® TEA"Cl” 2z,
LMDE % 200~ 4000 rpm Tlaldr UCRlE L7 &, THE
e LRI RGO H G & FHIC o/ L ERBRICZH D,
TEA' D W 2*5 NPOE-LM ~OBEH LA TS TH B Z &
N PYAR

3.4 [E#5 LMDE TODA 4 > BEKRILZET 5 LOREN

Fig. 3, B 4 ORIV & E 7T 2ITOWT, M HIET
Uog ((5-D)/T} X Byee 707 b, TZER] A7 28R,
¥ oomv OB E 2 OEME o/, TOMEIIE, HW
DOW|ORETH 1linF4 > ORHEBH 2R HNLS
BUTAEMBEN L EBONBHETH 60mV L1
Blfz LMDE TO/M 90 mV DX 1Z, FHESHD T
N—THESE ML BEROBE#HD 12 TH Y™, R
(WI-M-W2 &) TiE, WIHSMAD LflihF4 0
BB TH - T, M| W2 RIEAEEERL TWT
b, M| W2 RETD I-Eywe IO BORHEM (og 1
5 Bajwe 797 b)) SEEEREDTZD, howoFiwe BFRHH
BICHNWA A A U BBEOEEIZ600mV IV KRELS D
ZEICEET A, Fig. 3, MB4OKRVIETTLE 0%
200~ 4000 rpm O TZE 2 Tisk L, HEMITEIT-7:
WEE HE 87~95mV DEMEE 2o 72,

3-8, 34 OMEFTIE, LMDE % 200~4000 rpm D3
NOEECHEELTH TEAT®D W H S NPOE-LM ~D#
BN LB S, T2 &, TEAT ORH)
B HED e i L RRIET 5.

R b,

3.5 [O#z LMDE ZWWBA MU Y ESTRILAL A
l)__

ANy ¥y 7RV A MY —iE, BHICET - RIL
XN, BREDDSHLCIEEEFICEGEISNLIERA T D5
EEEEICLIELIERRShTWEY.

ARFETIE, W|O RiliA A+ BEICTHTHIE, F5
B bETINEVA A TL WD O FIZIRMTE 5
Y#3, TEA %MIC, 47 > ® LMDE ~ODigii & X bV
¥y ZENY VAN —OTFRE R AL 72,

Fig. 4, Wi 142, X (1) O LMDE RO WIZ5x10 7
M TEA® %%, &M% 1000 rpm CTHEEL L 22 530k L
ERNYESTATHS (Fig. 3, M3 OBE). Hifk 2
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2
0.1 i AI 1(LMDE)
—q.6 0.5 . ). -0.2 —O 1 -0.6 -0.5 -0.3 -0.2 0.1
EyiolV vs. SSE Ey ;- (LMDEY V vs. SSE
0.1 LA —0.6 -0.5 -0.4 —0.3 -0.2 —0.1

! 0.1 ,uAI I (LMRE) Ey e (LMRE) V vs. SSE
2

Fig. 4 Stripping voltammogram of TEA" at the rotat-
ing LMDE 06 05 04 03 02 01

Curve 1: the same as curve 3 in Fig. 3; Curve 2: strip- ' . ' '

ping voltammogram of TEA" from NPOE-LM to W; 01 uAI ”LMR}:MMDE)/VM SSE
Concentration: TEA™ was concentrated from W con- 3

taining 5> 10°"M TEA" to NPOE-LM by applying Fig. 5 Voltammograms observed at the LMRE or
Ew.cc of —0.5V at the rotating LMDE (@ = 1000 rpm) LMDE of LMRE-LMDE system

for 10 min; Stripping voltammetry: after replacing W
to that without TEA ", By was scanned positively at v
of ImVs ' During the positive scan, LMDE was
rotated at @ = 1000 rpm.

Curve 1: stripping voltammogram of TEA® from
NPOE-LM to W observed at LMDE of LMRE-LMDE
system (identical with curve 2 in Fig. 4); Curve 2: cur-
rent at LMRE of various Ew.cc due to the transfer of
species stripped from LMDE; Curve 3: current at
LMRE of Evwv.gc = — 0.5V due to the transfer of species
stripped from LMDE of various FEy..; Conditions for
‘i, E\\u(;(; & L "C -05V (TEA' DW ﬁ\ j:) NPOE-LM ~D the concentration of TEA‘ into NPOE-LM and for the

BEO L 2 EETE 2B FAML. BEE 1000 rpm stripping of TEA™: the same as those for Fig. 4
TR S %25 10 77 MHE L T TEA™ % NPOE-LM ~

WA L7, WESHRBEREDOAZELLO LMY IR 2,

LMDE % 1000 rpm THEEE L2055, Byee 2 EMIIZ 1 mv D Byee ARBILTESNZA M)y E Y FRLVIY TS
sTTCREILE AR IR VY ESFLTHY, F TLThHAH (Fig. 4, M 2 LR D D). Fig. 5, M
B Y — 7 QR SN TEA DS WHANBUHR SN 2T 213, 10X MY vy ¥y 7Ry 55 AkllEhis,
ERLTWD, BIBESNE -2 BRMHEE X107 ~10""  H2 D Eeoo ZEMML7: LMRE 2N 2Bk 2 HE L,
MDOFEHTWHO TEATREIIZIZRFIL, KA MY v M) EYTRVYEZFS LA (D) B =210k
V7R Ly A MY — inﬁ LMDE TOERIL T » A | EEIWLMRE # i A EROAZEATTO Y FL12D
V=L D RREEETH L LA GhoTz. 22, 2 b DT, WhHiX, LMDE2 5 WNBEHLAEMEO W |
Uy ¥ ZE—=2OIRIZLS, MfELAEEDOEREIZE LMRERAHEBSHZ RTEURLY TSI L ThHDL. 20O
WS N oz, BEXNTHSTHEOHBIZRDLS £ L M 2 & Fig. 4, WA 1 OTWHEN (B 151D 1/2
HIENTEL., bbb, KWETHV7 NPOE-LM THDHELEED L) =KL TWA. Zhid, LMDE »
DIEAIX 0.3 mm &A% ) FECOT, BHPIZNPOE SEHMLAWEN TEA  THLI L ARALII LTk
LM ORELC ETRB L2 TEA" OFEHAGHEIEIT LA ), LMRE-LMDE > A 7 A5 W | O FH SIS 4 B o 7
WD, E— I DIREL D =2 @D+ aREL RS EIEHTHDZ Exmd.

WD THAHH. 2T, ﬂm*iNHme¢T®# Fig. 5, Mi# 31k, 1 ORI v Y VRV £S5
S SN THMT 5%, NPOE-LM ORI <, FAEWERIC-05V D Evee ZEMM L 72 LMRE %N
®¢?@4¢y®Mﬂimﬁ¢®%n;b#&h@w&% L%, LMDE @ By WX L CRiRL2b 0T, He
AbNhb. D Ew.ce O LMDE 7 538 L 729’2 A% LMRE ’Cirdﬂéé h
. DT ERT. RSOV — 2B REEMB1OFhD

3:6 [Al#x LMRE-LMDE D {45E &, LMDE %6 D&Y (TEAY) 25EEIC & 5 0HiiC
Fig. 5, Hi# 1 &, Fig. 1(b) ® LMRE-LMDE # 10™° X T LMRE 2|33 2%4 (LMRE TOREY'") s

MTEA % &t WHHZIE L, 1000 pm THEZL 2255, 035 ThHI L ERT. o % 500~ 4000 rpm O HPHCLE
LMDE O &2~ 0.5V D Fyee ZEHL T 10 5B EH L 72 AThH, WHIRITIFIEET (0.34~0.36) THh- 7.
%, WEZHERAOAEELLDOELHYIEL, LMDE EEOREER) ¥ 7 -5 4 27 EBOBE, T4 A7 B
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TOERYO) v 7 BB TOWMEE, 71 X7 B EOP
B, Uy rBEONEE, SERECLoTHRESINEZ L
BHELSMIEh, HEBrRTHAAISREIATY
529z o#GwRIT, A THY 72 LMRE-LMDE D4
ERATLE, HIRFEH 038 &% 5. [HEL LMRE-
LMDE TOEMHIRFI/ERMEL YR/ HEHEBD 1
i3, LMRE, LMDE OXFZTHESNTHENWI EIZH
59,

37 [Bl%5 GCRE-LMDE Df4%aE

#(1) ODLIRIMDE TDONY 7 75 Y FRVYES
S5 L%, Ewee X EBMAMICOVETERLLSE, EX
RFOELCRETLE, BHEBEE L2 VWE T, 0
~-02V DA KRELABRIPBESND (Fig.
2, Mkt 2 BM). ZoAERIE, HZI1X 1000 rpm TEME
ZEAMEEEDH I LI 5T, Fig 2, W2 O X ) IZHE
T5., COBRERIE, Bwee DEBRAFMOERIZL T
NPOE-LM % 5 W ~BEH L 72 DMFc ' %% Byoe DEERIC
Y ST NPOELMIZEAZ EIWRINT S L%, Hix

GCRE Z FlV /e kD & 9 R EBRTHAELZ. $4bB,
GCRE-LMDE {Fig. 1(c)} #XFHEMUADOAZEL WH

(2 &, 1000 rpm Tl¥s L7475, LMDE ®fL% -03V
T10 5l - 7%, oV ETIERIIL, T0OM, H4D
Lwoe ZEIML 72 GCRE # i 2 B # M E L C, LMDE
BAIAOV D& X0 GCRE Bifi DA % #A T GCRE &L
LT Trey LAz, Zo7ay bME, wbid, LMDE
POBHLWED GCREICB T AEURL Y ES T 4
ThbH. —H, WHIZ10 "M D DMFc Gl 2 M& T,
GCRE D& % FAWT, H#EH 1000 rpm T DMFc D& IT
BV ETFSAZHEL. MANVYETTADE &
—Z L, 0V® LMDE 25 DiEHYA DMFc" TH B T &
RRERTE . ORI, WO S BUISAEBY AL
BRLTLLPLTWVWE &, ZOFREIZEEE GCRE-LMDE ¥ A 7
LEHTHAH I ERT.

e

g i
FEl =]

4

ABFZETlX, PVC T NPOE # 1t L7z LMDE % {F#!
L, 2hZ WHIZBWT W | O R A+~ BEUS % B
g2, BEAEEEL2E X, BEW|O RENIHAT,
FEREN 2L ET S, RURKAERD MR
ﬁm@ﬁﬁaﬁﬁﬁmwﬂﬁﬁ%ﬂﬁfgéct%%%#
\2L7:. ¥/, LMRE & %\ iZ GCRE % i ¢ hid,
LMDE TORGERB O R ENTRETH D Z LT o
7=,

—F, RO LS b AwZshiz., O NPOELM |
GC FL % 188 2 & 5 72912 NPOE-LM {0 2 7-Rfbfk

KAGAKU Vol. 53 (2004)
(DMFc™) 23+ BKR TRy o272, FO—H1»W
BB L CEMEBIKL 2oz, @QWHIZTEET %Kik
DA 4 OB Z2RTRABHRITEEICHFA LD, »
LIREL ) EIBEICR L ERRERIIBIRTET, ¥—2
Wiz o7, @AMNYYEYTFRLY VX)) —TI,
HEHELZEEOBEEZERNTE o7, O DR
DRERO DI, L0 BUKK R B LR TR OB LE
Ths. @, @ld, £&LTprvC TEALL ZHEHTO
EHABD TRV EIGERT 5. EOMERZET S
&, WHOHEEZEL T5TRPLETHD. @O ITD0
<, iﬁﬂi@@é‘%ﬁ(T%Ckﬂ:lof%&%f‘%ék%
AoNA, HEZLImmEEFTHELTAZ &ﬁiﬂ
5 #,ﬂﬁ%ﬁ<@ét,mﬁ#;<ﬁ%ﬂ%b@¢
{7 B, AWFZETIZIE X 0.3 mm @ NPOE-LM % Fl\V 7275,
ZOBE, BHOEBRTHRESHEET LI &3 hd o7,
L2L, EX0.1mmDEE, BEOHIETUE UILHEE
L7z, &%, Miz%75.
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= =]

FARZHDNE) Y TROT TV ==K (GC) OERMIIHBREDOHILE CAER XN ERL %
a2t 7z2VF 7 FNIT—7)V (NPOE) Z2FRIELKRVHE =LV 2ER (NPOELM) &L
THIE LR T 4 A7 BBD D VIS v 7 -7 4 A2 BERAERL, N5 OBERE K&K
(W) HIZRRIE, BElfRSE74255, W|NPOE-LM fifif A+ Y BEIRL & €7 T A% fE Lz, WEESRIC
&, W|NPOE-LM K UF NPOE-LM | GC @ 2 REAFEET 525, NPOELM | GC FHDEA % NPOE-LM H
MR 72REOBALRITIC & o THM S i, HMO W | NPOELM RIEDSUGDA 2l - f#T & 2
Lo ds. £72, WINPOE-LM R % Ffz 342 &, Fribkkll | AEHARmMICIEST, 1488
BROMMEEA 2 F 72 Ll EL, BABROMEBKEED? S REKSOTHEES IWcEz 2 L,
F7o, W) L 7EBEHTUE, BRET A A ERTORISERMARETEL I LE2WLMIL.
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