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Fig.2 Schematic diagram of fiber-optic potassium ion sensor
AF =Y (RIRER 488 an. 77 10 pW) 2 AN, Nz F 2 v)i—T85 Nzl
BEFAUEZ. FayX\—NoORBESIE. ovIA4A Vv 7 Uy TOSBESE Uz, BEX
EEFEE., VY XLICEDRRERNST 74 N—(T7F 400 yn, 75 v RE 500 un, B
2 MIZAF Ulze E7z0 KT FAN—ORRICIEELRD LS IZULTHY) T LA AV BIG
REID{FIT7Z. BRIGRMSDENRIZEUNET 74 N—IZEDED H U (KA. L >
Z2I2EDE)70A=F =DV Yy MEIZENLE, BEoNEEXEE ) 7oA —% —
TAYLEE, TD520 miZBI2HENEEZNEFHEEE TREL. ov 1 v7 0T
ICEDHFME Lz,
AW L. KC17Z pHiE @k (TRIZMA-T.5, pHT.5) IZVAME., FIR U THE L =,

2.1.2 AV T LA AV RBIGE

KA 7 v OBROMBFEZE (A A ) 74 T7)THIN) )4V Y. RUA F U FBET
HDTHIITFZ(3,5-EX(MYTNVAOXAFIV)T2=)V) RTEF Y7L (Nar TFPB-
)DEEZEFIg.IIRT, F9. NV YA Y 10 ng, Na*TFPB- 1 mg. RUTFBHTH
DITFNENYUEE 0.5 g2F b RO TSV (THF) 5 nlicEELRE, ZOEWRICR
VIBME=)V(PVC) 0.2 gZBML. Yy —LIZBLEEZ. —HEE LU TIIFZEHE ¥ T,

~134~



}_fo ] y
P et

valinomycin

FaC CFs
FaG D/ §CF3

CiaHas

B Na™
L
FiC CFs
Na*TFPB-
X
HG i'l“’ /CHs
N N N Br~
HaC’ ! \CH,

dodecyl-acridine orange

Fig.3 Chemical structures of sensing materials
[EE 200 unD AT E(LPVCIEZ Bz, CNiE. A A VBREERICB T 204 4 VRRIGE &
B UBHEBTH Do WIZ. K774 N—DKHETHFTH S U, 1 nolY 77 (2808 U= 5

VEALPVCEICH T 7 A N—DEImEH U H T
TEELRE, COMELPVCEREZ. BKIEE
KTa—TTHBRTINT IV VALY
kYA (107% M d-A0*Br-, Fig.3) Z 1059
BLT, ERDN A 42 DA A4 THIC
X Dd-AZEICEE L. HFENRBGRZ
ERU Tz,

2.2 BRREUEER
2.2.1 oY —RmE

HELEZ Y=gk A AV EEEI
UTAMHIZIBE L. £OREREIZ20F
CRBETH-R, FonizigERzlig. 412
Y. TV —MonEIEEIZ0~100 ni
Ok A A VEEICH U TERNICED L, £
DPIEBEILTL0.3 ol TH o2, Fiz. TV

Fluorescence Intensity

-135-

45}

| .
0

50

100

Concentration of K¥ / mM

Fig.4 Calaibration curve



Y — R EESDRERFIZED NERAS
. d-A0TDIEEHEMEN D, BT
o— 7 HAEHBEALBTHLTWD
LEZIONE, MELEEYY I
~ 100 mMopCa2*, S0,2-, NOs~ A A
g ERET. BWE A 4 2 BRE
EFHEUTWE,

AV ERGEEBDOFZEE. 14 ViE
EORNBIZEAIL ZRENESN DM
KELENXTTAN—T T —TIEK
A A VEEIZIAILEZRENE SNz,
Z T, LU ENFERRIGERZ iR
IZELD T, Kro Na*. Ca?*A A4 > IZxf
THABEMERAELEZLI A BE
A A VEBEORBIZHERIL RV
ZRNHEZTUE, h&bD. BIGE

Fluorescence Intensity

60

40

20

excitation emission

Dibutyl Sebacate

Buffer Solution (pH7.5)

/—/\/\

750

500 550

Wavelength /nm

Fig.5 Tluorescence spectra of d-AO*
MEDHEEHEENEELMICI>TELLLTNWSDT

ERNEERLOND, EIT. WDES ZHEDE Solution =~ Membrane
FEEL. EAOLYY—IHE L OEBET o .! -
2.2.2 IEKE

WM¥Tm—7 d-A0TiE. EIEHEOT VYAV
VUEMNEILHELTBY., ChIEEHETVFIVE
PHERET L & &
VOTF NN VBEEERE Uiz EDd-A0"D
i, EHART NVEFRT, IhED. pHEE®E
EIDITFNENY VEREEEL Uz L SHENIEE
USHEERL, BEDBENABRFTHEHNEZET D
BKMEENTO—TE UTHERTHDI LD D,

(CiolpsZE)EALTWNWD, Fig. 512,

0]

Valinomycin

Fig.6 Response mechanism

BGEP 2 1EFig 6lomRT & I0, BKMENATO—TTHDHA-A0". TORA AV TH
BIPB . BLUKAAYDAA ) TATTHHIN) ) IAVUBEENTND. FT.

SEEBEFICK A A MR WIEE.

A=A IEERICH D, ABHTHHY TFIVENT Y

B OEIEME N 2D WEHRNEEN D, RIS, BAEERFOK A A EN) )42
LA D BREICENCEIEE NS, COLE, EIEELRI-AEA 4V ZIRICIDE
R SREBEBRALBE L, EX 70— TABOEENELRT 22D EREENED T D,



Sk, CACIEEHETVFNEEBELTBED. COTVENVEEENIERELE S £ RER
DHMBIHT 5, 2T, A ZRMERITIEL ALETHT I LM, FREA 4
VEEOHLIZL RN EOREEEEUVENABHT 220, ARNZL Y — HaE
BENBLOEELOND, WIT. COBEDEFNILD LY T —BEOERZZE
7

Fo= k- [d-A0"]% - ki-(1-ko) - (Kex,[val]n + Kexp[TFPB-].)[K*], (1)

ZZT P EEVv T —DonENXEETHD. LIFEEER. LIZKARRE o) LER
BRTE mIcBIT2d-A0DENXMELTH D, Fiz. [d-A0" ) IZERICBIT 5d-A0"0
FEE. Kexi, KexpldFhET K —N) ) v A ¥ VEEEB X UK —TFPB- DA A VD
HEHTH D, =512, K] & [TFPB ] i T NENKEFEICB T A BES L UTIPB-#
Ba., FrzValldBRIZBT2N) )4 Y VEEZTLTN S,

T, Kexy, Kexo ldRBEORBICL > T 2MEEHTH DM, FIFRLETH 3,
WA N) ) YA Y FIEEENEL. BREED 5HEMBABRICBTET I ENzN
5. [VallldBIGEIZBITA2N) )94 YV OMBEL.9 x 1072 ) EeZELWEEL SN
Do Fiz. TIPB HEO TRBEUENBNWEA AV THD I N6, Kex [vall,DElEKex,
[TFPB ], L LENRTHARKENEZZEND, ZThED. (K] T3 (1)X0MES1313E
EfRIZZD, DED LYY - o0ENEEIT-ACTEEZTNFEL, K4 A VEER
HUTEROICHLT 2, CHIFBEONEERERE L —BLTED., TUT—mEiE
CDEOIRREBEIZES<bDLEELOND,

3. FRENXTO—TZRNERTFAN=H)T LA AT —
3.1 =&
311 ANFYFTINWTIVIOUALYIDER

BIER CRAWZA-A0 E. TV FNWENTIFEFERS 2V EZOBGEADRBEMSELS . &
JGRM S5Ad-A0"MEH U TKRER LY T —RENESNEZN S22, TIT. T6IIT7IVF
WEHORWENTO—T2&M L. Chizdb oy —aEnEkEZltzEasz. ~Fv 5
YWTTVY ALY (h-A0Br ) DERMEZFE TIZRT, £9. 8 5 en7 7)Yy
AL rU%k 300 nlOEBEKICEMR L. Zhizl.5 HoNaOlKkER % 50 nlinz . £ U=
Wz 5EL. HRiEZ0.75 HONaOHKBETHREF Lz, ChE2LEQEEKTHE V. BAE
LT 25877 VYA LY IN=2%/lz WIZ, P77V F LYY= 2.5
g BT IV 25 nl& h)bx v 50 mlIZVEME U, 120°C TL2RSRIER Uiz, WiE. il
EABU, BEZIY ) —WILBBLE, ChE. SE7IVIFREADS LIZLD 458U,
MHEEDh-A0"Br- %1872, BAENEN-ABr-ZLF IV —FIVETHY ) —)VDEAERM

~137-



NaOH
3 \N N7 N/ 3 HgC\N N N/ 3

H3C’ “HCI \CH3 HaC’ \CHj

Acridine Orange Acridine Orange base

CH
HSC\NQ\/[\DN/ .3 -+ CieHasBr

HgC/ \CH3
toluene H3C\N©\/®\N/CH3
_— >
reflux HaC’ ! ‘CHa
. CieHaa
120 C -
Br

Hexadecy! Acridine Orange
(h-AO™)
Fig.7 Synthesis of hexadecyl-acridine orange
SEME L. BEN-A0"Br-Z 580 mgfFjz, WRIXIZ2 %THoo HFHMNIZh-A0"Br (2D
WT7OhVNMREREL, E-VUERVEZOREABELD . £FM2N-A0"Br (FFE
571) EEE Uzo WU, h-A0*Br- OIS, HIEZ T MVZFIEL. BEDEVWERT T
BNEEERT AHKEHEA T O -T L UTHERATHL I L 2END 2,

3.1.2 AVT LA A VRBIGE

=4 N )vA > 10 ng. Na*TFPB~ 1 mg, ¥ 7F )N B 0.5 g0 RUPVC
0.2 g&=MHF 50 nlICHEMR LTz COBBHICH T 7AN—0DERZEL T & LT, THFZ
e S CHE(LPVCREZERI U/zs WIS, T DAEALPVCEZ2 x 107° MDh-A0 Br- /K&
WIZI0MEL, h-AZBEELVTCRGEL Uiz, BONERGEDORELZ ynTH 27z,
EREBIFFE2ITRTAVILA T YT —EAUTH D,

3.2 BREUVER
3.2.1 Lu¥—mE

HELEEY T —DREEFIgSIITRT, CDLDIZ. 0.5~50 nMdK 1 4 VBEEZEIL
R UTAHENICHE L. TORETREREIE 50 M, GERFEIEI0MHERETH 272,
EFh, KA A VICHd BN A 4 OBREGEEILS x 10°°T0 A A4 VEREEBICIEET

-138~-



DERMENELONE, ThE

DL EBKFOK A A4 AN
BTN A A i 4 5T > 107 o
DEERERE L, Na* A 7 g sl
VOBEEELEAERITBE = 05
L CRRMIC A AR 5 C| 5
MTEBEEXBNE, 2. o 4F 10

5 50 mM K*
ALY Y —TiE, d-A0" % £ ol
AnrEtod—0L3 e
ESOEBE D HEE = ° o 10 20 30
NT. RERBENESN, Time / min
ClE. RFVIIVELIESEHL Fig.8 Response curve of fiber-optic
TAFTFUINEDIEEEMN potassium ion sensor

B BATO—TORMBBEANDBEEMNZNEDEEL 5N B,

3.2.2 EBBHIBI DR T LA F U EE

REME UTBARREZRIM L, R VT —0X 2007 A 4V BEDHIZT -
o AWERMIE. Wk (ERTEES). @IA(DEATS, BJIAMO. (2)FEE/
A0, RUG)EEREFLR)TH 2, TNTNORBIZBIT 204 4 VEEE. #K
2omit, @A) R 0.1 mi, (2) 4 mM, RU(3)# 0.05 mME/zh. T 6IFEECHEx
NTNDIERKFDON A AV EELIFIFELLS . HEA A VL L ARERBEESIT 2
L <K A A DFHHIMERETH > =,

323 TUEZULAAVRUCANY I bA Tt — DR

FEEBWTAT ) TAT7ERBBRT D LIED., BaDA 4V BREOKRT 7 4 )N—
CF LY —DPHETERILEZETLT DD, WMo R0 AT 2DAA ) T 7 Th B
RV F7FREMHI0IZHNT Y —2RHIE Lz, 29 VM, Y ¥ —itlig. 9lomd
KU 107 ~ 107" MONH, A A VBRI U T AR I EE L. TOHRHETIREE &
2 x 107° M. JOEREIFIODERETH >, XIZ, 0.1 M NaClZT0.01 M KC1iz> 1
TOEYY—REZHMEL. COBRSICHYT M A+ VBELTVAYEEA 42D
BEL DD 5EFEHERDZ, BoniEEEETable LIIRT, HKBEOEDIC. 44
JI7ATEFHEPVOREZA N2 4V BREERIIE T A3BREHOTT, COLS
Ko BT - 4V BREEBICIEHT 2. 8REHEELTED . ERERE. £
NET7VEZT LA T VBEREZTR U=,

PN RV FTF T A TEMHI0012 A 7 ) 747 & UizCa2 4 4 > b V¥ — 254k

-139-



50

N
(@)

w
o

N
@)

3x10° M _
1x10 M

Fluorescence Intensity

-
o

0% 5 10 15 20 25
Time / min

Fig.9 Response curve of fiber-optic ammonium ion sensor

Table 1  Selectivity coefficients of NH,* sensors for Na* and K*

electrochemical optical
ion
Ammann et. al'’ | Degawa et. al?®’ Seiler et. al® this work
Na* 1.3 x 1073 4.4 x 1073 2.0 x 1073 5.0 x 1071
K 1.6 x 107! 3.3 x 107! 6.3 x 1072 3.3 x 107!

1) D. Ammann, W. E. Morf, P. .Anker, P. C. Meier, E. Pretsch and W.
Simon, lon-Sel. Electrode Rev., 5, 3(1983).
2) H. Degawa, N. Sinozuka and §. Hayano, Nihon-kagakukaishi, 10, 1462

(1980) .
3) K. Seiler, W. E. Morf, B. Rusterholz and W. Simon, Anal. Sci., 5,

557(1989).
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Fiber-Optic Chemical Sensor for Metal Ions and its
Application to Seawater Industries

Nobuhiko Ishibashi, Yuji Kawabata, and Totaro Imasaka
Faculty of Engineering, Kyushu University

Alkali and alkaline-earth metal ions in seawater are useful
resources for chemical industries. Optical measurement of
these ions through an optical fiber has several advantages
over an electrochemical detection of ions. In this study, a
fluorescent reagent sensitive to hydrophobicity around the
reagent molecule is immobilized on a poly(vinyl chloride)
(PVC) membrane, and it is used as an ion-sensing membrane in
the fiber-optic chemical sensor. The constructed sensor is
applied to real samples, and performances of the sensor are
discussed.

Potassium Ion Sensor. Valinomycin was used as an ionophore
for potassium ion. Dodecyl-acridine orange (dodecyl-A0%") was
immobilized on the PVC membrane containing valinomycin, and
it was attached on a distal end of an optical fiber. An
argon-ion laser was introduced into the optical fiber as an
exciting source, and fluorescence from the membrane was
detected through the optical fiber. The sensor response was
reversible to the potassium ion concentrations in the 0 ~
100 mM range.

Response Mechanism. Potassium ion in a sample solution was
extracted into a PVC membrane by valinomycin selectively.
Positively charged dodecyl-AO+ in the PVC membrane was ion-
exchanged with potassium ion, and moved toward the sample
solution concomitantly. This movement lowered hydrophobicity
around dodecyl—AO+. A fluorescence intensity of dodecyl-AO+
was well known to decrease with decrease of hydrophobicity
around dodecyl—AO+. Thus the sensor signal decreased with
increase of the potassium ion concentration in the sample
solution.

Hexadecyl—A0+. The more lipophilic probe of hexadecyl-AO+
was synthesized. The response of the sensor using hexadecyl-
A0Y was quite stable compared with that using dodecyl—A0+.
Potassium ion in seawater was determined by the sensor, and
the concentration of potassium ion was ca. 2 mM. Ionophores
for ammonium and calcium ions were used instead of
valinomycin, and fiber-optic sensors highly selective to
these ions were also developed.
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