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FIA/CL 7U— Y A7 A% Fig. 1 IZ7RY. KY AT
L 2 WREE (L), Ly) oI hTnsd. HBO
i, RUOZOHFICRBEINII 7 U— 2V IEBERY &
BLTHD REEKTEOEKICIZHNE 1.0mm, H
Z20mm o7 7O vEHIEAFEHALLL. WKL & L,
OHEBRE R THICRETHLHHEBE L, & L, DA
AP HEBEAR (S) XS TCOMICHZE 1.0 mm,
HE20mm, KBS ImDF7uVMBEIAVERE
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Fig. 1

Schematic diagram of the flow system for
hydrogen ion determination

L, Ly : flow lines ; P : peristaltic pump; M : I m
long mixing coil; S:20ul sample injector; D :
detector. Recommended conditions : L, = 1 X
107*M Eosin Y, 2 X 107* M didodecyldimethyl-
ammonium bromide & 1 X 107°M tetraethyl-
enepentamine; L, =1 X 107° M sodium hydroxide.
Explanation for the dotted flow line is present in
the text.

Utz. BBEASB»S 70—+ VETORBIITE 51
< (8 3cm) BEUZ. BITERYZAIRXI =
Ay 7 (P 7 F—8"EHHK SJ-1220 ) %, HABiFE
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X772 CLIGENB NS, LML, =0 CL KIEED
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KFEAAVETNA) BRI E L, BAKESTES
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Fig. 1 IORUZ&ED KBEL, SEFEEERIBRF T
DIKFEA 4 > D CLIEEIZODWTHANR. &R % Table
1 IR U 7z, REEMER 2RO 0EE T CLIGE IR
BENIZWY, BILY RFINIAFNT v EZILE
EEOMDBA A v REEEA & Brij-35 64 4 VR
HEEMRZ AWz &3 CLIRESES Mz, 2D CL
ISE DK X 21X DDAB LR o515 "o THEESEK (XN
SO0V TERATHY, RICKERZ CLIGEZRULL
Brij-35 O 5 1%, XRIUKA 4 Y HFREERRI TS 2
LW EERTHENT ESFINRN)AFLT VEZY

Table 1 Effect of surfactants on the CL intensities
of hydrogen ion

Surfactant Relative Surfactant Relative

AT o)
Cationic Anionic

DDAB? 100 SDS® 0

MTAB" 13 Non-ionic

STAC® 13 Brij-35 20

CTAB® 7 Tween 80" 0

CTAC? 0 None 0

CEDAB" 0

a) didodecyldimethylammonium bromide (bilayer vesicle);
b) tetradecyltrimethylammonium bromide (micelle); c)
octadecylammonium  chloride (micelle); d) hexadecyl-
trimethylammonium  bromide (micelle); e) hexadecyl-
trimethylammonium chloride (micelle); ) hexadecylethyl-
dimethylammonium  bromide  (micelle); g) sodium
dodecylsulfate, h) 0.1% solution. Condition : as in Fig. 1
except for concentration of surfactant.

Table 2 Effect of dyes on the CL intensities of
hydrogen ion

Relative molar

Dye :
(2X107* M) CL intensity, %

Eosin Y 100
Uranine 20

Brilliant Sulfoflavin 8
Rhodamine B 1
Eosin B Y]
Pyronine B 0
None 0

Condition : as in Fig. 1 except for concentration of dye.

B, KA, K35, LA, &K REEHAZHO5MEKEA 4+ Y AIEM FIA/CL ¥ A7 A 55

LEHNRTHBETH 2. -T, BBASZ CL
ISE %74 DDAB {452 & & U1, _
322 XY REBFOEE FEEEROR
ROBE LR FEICKY, #OorOXH YTV RE
FDOCLIGBEICRIZIRZEII DLW TR L. &%
Table 2 IZ/R U7z, BBERAZFEHL 2 WEEE CL IGEIZ
Boohiaro1. RABKEL CLISEE2R LD
IFIY VYT, ROATKERZCLIGEZRLEYS=
VD5 ETH 1.

3.2°3 HERELRE BB L &L ORE%
HiZ 6 ml/min IZED, EHEBEALEZ T CLILED
2ibz#:A~T aB, KEA LT VEBHE 1X100°M &
BEwzRWz, X, AEREEZS< LIGEAE ST
BEAERPHEEINLGDT, 2028 PEREL, &
FLTESD 107°~1072M LRIV HBHE O RKIEE
BTCLICEEZRX/I.. b KEZ CLIGERRLYE
AEBEEIL 2X10* M DDAB, I1X100*M A3 Y
RO IX107* M AKBILF b wLaThot, b, K
Bt YU LABBIE IXI107 3 M 2587, REERT
& CLISEPRA LU, XSBRERTHZhidmd Uk,
FEHOIT VA ) BEPTOBRFEOENL, X iEz—
N—FFYFIIAINT AV DER'S 8EE2EXT
BY, ZOEBBAT VA OBEIKFL TS D
EEXTVS. X, ZDOFIINT =4 Uy HBAZRA A
ORIZE > THABEEKEICET 5 & X0 CL BE
WKFAA VEBEHABETHILOEEZTVS. FMIIR
G E LTREHTTHSH. X, COREBEDOLET
BWBEOREZEL IV 124ER, 1~5.5 ml/min O
TRRBOWMAEIIC CLIGEL®EMLU . 55~70
ml/min OB T CL GEE—EE %0, 7.0 ml/min
DETid CL KISO—# B 70—k TiThbh 51
OIZCLICERBA U, -7, REBBOHE%
RO TH10EBRAKDCLIEEZBS1HICK
FIA/CL Y AT ATORAERBRE LREIX Fig. 1 IZRL
REBOIKERELRL. 2B, CORBTHB L, & L,
DHEDOREIZOVTHRETL, BAEIA V% 30 cm~
4m OBEATELBHED CLISEDOZ(LERE T, 60
cm~4m OEHDFAEIL 30~60cm OHADFEES L H
RPRFO CLIEEVPBONIZOTREIANIE Im
DR IICERELTI. .
3+2+4 CL RIGDERYE ~7u—> 2524 (Fig
1) 2ZHWV, KFEA A VLSOV (1X107°M)
Z 20Ul EALIZEED CL IGBICDWTHEN. &R
% Table3 IR U1z, 28, FEAIZIE TEPA 250U
2WIBED CL FE\E? 100 & L, TEPA #&iNU 1235
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Table 3 Relative molar CL intensities of various
species with the proposed system

Species (107> M) Without TEPA  With TEPA'

HCI1 100 100
KCN 3.2 2.5
Ascorbic acid 1.9 1.9
AlCl, 1.8 0.2
SnCl, 1.2 trace
Ni(NO3), 1.1 trace
Pb(NOs), 1.1 0
FeCl; 1.0 trace
Na,COs; 0.8 0.8
ZnCl, 0.7 trace
Co(NOs3), 0.7 0
K,Cr,0, 0.7 0.5
NaNO, 0.6 0.5
CH3;COONa 0.5 0.5
K,Cr,O, 0.4 0.3
' Na,C,0, 0.4 0.4
Na,S,0, 0.3 0.3
FeSO,(NH,),SO, 0.2 trace
EDTA 0.2 0
K3[Fe(CN)g] 0.2 0.2
Nal 0.2 0.2
Sodium citrate 0.1 trace
. KSCN 0.1 trace
Na,S 0.1 trace
Na,HPO, 0.1 trace
Na,SO; 0.1 trace
NaBr 0.1 trace
CdCl, 0 0
MgCl, 0 0
KCIO4 0 0
Na,SO, 0 0
MgCl, 0 0
(NH4)6Mo070,,4 0 0
HgCl, 0 0
NaF 0 0
NaCl 0 0

t 1X107>M teraethylenepentnamine. Condition : as in
Fig. 1.

BLOMBPEETES LHOMELU TILEL 2. KA
#&IZ TEPA Z& 72 WVIBEE Ni(I1) X Cu(Il) & 8
BOZBAAYEYT MEAV I LROETAINE Vi
TEIC CL ISEPRD oz, UL, TEPA(1X10 °
M) D25 ETEBA A VITES < CL EE LML
Uteds, Y7 AaET2ane v iEn &Izt
CLIGEREGFLU. KFEAA D CLIGER 100 &L
15E, EOWRICKEZ CLIEEERLILY T v{th
VO ALTHKZEAA YD CLIEBEDDS H» 25% Th
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Fig. 2 Typical chemiluminescent profiles of hyd-
rogen ion obtained by the proposed system

P, : obtained by ca. 5X 107*> M HCI solution; P, :
obtained by ¢a. 5 X 107°M H,SO, solution.
Conditions : as in Fig. 1

D, & CL RIEWKEA AV IZH L TERTH 5
EMRB LI

3+3 FIA/CL > 257 LDODH{La0ist

BT &H (Fig. | £8) TA FIA/CL ¥ A7 A
DM LERFEIZ DWW TR~

KOGH Y AT AICEBKEALA A D CLIEE S 0
77 AN% Fig. 2 IR U1z, 58, NP3 REEL
THEBROERO CLISE #2500 1205, ZhidiER
»6HDKEFA 4 v OEBIPEREMEOWHICE S O CHRE
ERIUEBZTRTPEDPERTLHE, WhHhZLEHD
SRRRTAIR EKFE 4 A+ VIEERERE UCERTE 30 ER
T, RO CLISERBEZTRSLOTHS. RO
CLICEIEBDZND 2f&E2-T0EIEND, K
VAT ATIEEE, B E ORISR EKEA 4 Vi
EARBRE UTHWEA I EDHMEL .. AP CIER
W—lOBETHE LN, KEA 4D CLIEEE
KRFAA VBEOBIRZBEHBETCXLDTKEAA ~
BHEBRRKRE U CEBAKREZRVWS 2 &L .

3-3-1 RUHRAEEEBMA X KFEA( A EERK
EUTHWIEBBROENVEE S CL IHE & ORE
% Fig. 3 IZ7R U7z, BRHBRFIEL 2X107°M ¢h 0, &
EHMAIL 6X107°~4X1073 M TH - 77, .
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Fig. 3 Calibration graph for determination of hy-
drogen ion

Condition : as in Fig. 1

332 MRVERLUKEELHMAERE - 5X100°M
ERAER 20 ZHOVT 10 [EEVRLSTLICEED
FXHEARE L 1.0% THY, FREORWVWI &R
Hhtz. X, Fig. 2 1R U 12 & D ICH M ERRI3E <,
1ML 0 s ot e T TE .

333 fRAICLBTHE Tu—-YR7L (Fig.
1) O—EpEWD, Pl 1 MEEEALTKFEAA Y
ZESGMICEATE2RANEHFEA 7O -V XT L (3
W) #MAN T (Fig. 1 WHEEHSHE). 2 ml/min
OHWET 1X107° M EBMERZEFRL THRL, €O
NOPIZERBAA > %2 107°~107*M O@EEICHIZY
0 FAUTTFHOREZR 2. #R%Z Table4 I
AUT. 107°~107° M IZDWVWT L CL ISENDOEE X
Foyongrot. 10 *MIBBRTHIDTKFEA A D
CL IGE~DTEHHRED oL, b ARELTHER
UIcy T oAb A ) 7 A THNRET 04% THY, B
EHAZX1BEMORIITEEE CLIGE~NDTH
BERCTXHES R 5.

AT, 7a— Y AT LEROIZERNERTHH
HEMIEEHIT, KCL RISRICEZDOER H 5.
—2 3 KFEA A /T4 Y Y/DDAB/ KBt U Y
A (CL RIS 1) TH, fid+ >~ Y/DDAB//KE
{t+ F) s (CL KRG ) THAH. KCL KGR TIE
HMICBERZNZ TOEVDT, BERIORDY 25
LM, §abLEAFEREREY CL RIGICEFRT 5 &
Zzo5N05%. £#27T, CLRIGTIZ2WTHEREHEKEZH
W72 CLIGEE S, £ THRWVWKTO CL ILEZHEL

A, KAR, B, WWH, 8K FEEERZ2AV 5 MEKHEA A Y BIEM FIA/CL ¥ A7 A 57

Table 4 Interference of various species with the
proposed system

Species (10 * M) Relative error, %

KCN 0.4
K,Cr,0, —0.3
K3[Fe(CN)g] —0.25
ZnCl, —0.2
AlCl, —0.15
Co(NOas), —0.1
Na,C,0, —0.05

10"*M solutions of Na,S, ascorbic acid, Na,SO;, EDTA,
Na,$,03, Nal, FeSO,(NH,),SO4, SnCl,, MnCl,, KSCN,
Ni(NOj3);, Pb(NOs)s, sodium citrate, NaBr, Na,SO,,
K,Cr,0;, MgCl,, HgCl,, (NH,4)sMo;0,4, CdCl,, Na,SO,,
NaNO,, Na,HPO,, CH;COONa, NaF and Na,CO,. 107> M
solution of each compound listed above did not interfere.
Condition : as in Fig. 1; 20 pul of each compound listed above
was injected into the stream of 1X 107> M HCI solution at a
flow rate of 2. 0 ml/min.

IAER, BIE D CLISEDEH>BE L /PhEh otz X,
MELAMEZAALKEZHVIBED CLIGERXES T
TOKEROWEBEIIHRTEALE. 5T, CLK
B LICRATRZEFBEESELTWVEEE X 5. KIS
WOWTRELLLBRHETPTH 3.

X, K70—Y AT LORMEZFEHL, LWOBEEa—
L —SOREBEESNEEDICHEREFTH 5.
b0z, ICP A Tl L 12 120 LR BT SRR
i EELICRESBLUES,
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A

Flow injection system for chemiluminescent deter-
mination of hydrogen ion at low concentrations us-
ing organized surfactant media. Mikita Isan, Naoko
Onkuso, Tamie Basa * | Masaaki Yamapa and Shigetaka
Suzuk1™ (*Chemistry Section, Kyorin University School

"of Health Sciences, 476, Miyashita-cho, Hachioji-shi,
Tokyo 192; **Department of Industrial Chemistry,
Faculty of Technology, Tokyo Metropolitan University,

Vol. 38 (1989)

2-1-1, Fukazawa, Setagaya-ku, Tokyo 158)

A chemiluminescent reaction in didodecyldimethylam-
monium bromide bilayer vesicle solution is utilized to de-
termine hydrogen ion at low concentrations by means of
a sodium hydroxide/Eosin Y system. The flow injection
system is composed of two flow lines: L;, 2X 1073 M
didodecyldimethylammonium bromide, 1 X 10™* M Eosin
Y and 1X 107> M tetraethylenepentamine at a flow rate
of 6 ml/min; Ly, 1 X107 M sodium hydroxide at a flow
rate of 6 ml/min. This method permits the selective de-
termination of hydrogen ion at concentrations of 6 X 106
M (20 pl sample injection). The sampling rate is about
360 h™', and the reproducibility is less than 1.0% in
terms of relative standard deviation for a 5X107° M
hydrogen ion injection (10 repeated tests). Potassium
cyanide, which gives the strongest chemiluminescence
signal next to hydrogen ion, produces a signal only ca.
2.5% that of hydrogen ion.

(Received June 27, 1988)

Keyword phrases

didodecyldimethylammonium bromide bilayer vesicle/
hydrogen ion/Eosin Y/sodium hydroxide chemilumines-
cent reaction; FIA system with chemiluminescent de-
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