
J. Flow Injection Anal. , Vol. 11, No.2 (1994) 

Chemical Sensors Using Plow Injection Techniques with 

Chemiluminescence Detection 

Miki ta ISHI I l '  and Masaaki YAMADAz' 

1)Departnent of Industrial Chemistry, School of Science and Technology, 

Meiji University; Higashimita 1-1-1, Tana-ku, Kawasaki-shi, Kanagawa 2 1 4  

2)Departaent of Industrial Chemistry, Faculty of Engineering, Tokyo Metro- 

politan University; Minami-ohsawa 1-1. Hachioji, Tokyo 192-03 

This review is described for chemical sensors using flow injection(P1) 

techniques with chemiluminescence(CL) detection, namely for CL sensors. 

The items are composed of introduction, trend of the technique, technical 

achievement and conclusion. The CL sensor is developed on the basis of a 

highly sensitive sensing for small amounts of some key substances such as 

hydrogen peroxide. Also, the sensor contributes to a saving on resources by 

an immobilization of CL reagents and to a remote sensing by employing an 

optical fiber as a CL light carrier. 





Fig.1 Schematic diagram of f1ow;system 

R i :  HaO. R Ã §  Ha0 or 1M NaOH, P: Peristaltic pump, S: Sample 

injector ( 2 0 &  1 ) .  C:Pyrex tube(Sx26 mm) packed with ion- 

exchange resin, PUT: Photomultiplier tube. 



R Ã ‘  P = 
Fig.2 PIA system and fiber optic chemiluminescence detection 

AT: AT 286 personal computer, X-t-R: Penrecorder. C: Control unit, 

D: ORIEL detection system model 7070, PUT: Photomultiplier tube, 

FB: Fiber bundle, F: Plow cell, P: Pump, S: Sample, C: Carrier, 

It: Reagent, A: Injection systea, E: Enzyme reactor. 
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F i g .  3 Flow c e l l  ( a )  and H z O z  s e n s o r  (b )  

FB: F i b e r  b u n d l e .  AS: Aluminium s p a c e r ,  T-PVC: T r a n s p a r e n t  PVC f o i l ,  

S.  S l  and S 2 :  T e f l o n  s p a c e r ,  M: Enzyme membrane, h f :  L i g h t  quantums.  
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F i g . 4  S c h e m a t i c  d iagram o f  the CL f i b e r - o p t i c  s y s t e m  

GLO, CAT and GAH/GLO: I m m o b i l i z e d  enzyme c o l u m n s .  



Enzyme-column system Enzyme-sensor system 

Fig. 5 Step-ups of the- flow-injection systens for the chemiluml.noiietric. 

determination of L-glutamine and L-glutamate using peroxidase as 

catalyst 

A: 0.1M phosphate buffer(pH 7.4 for L-glutamate and pH 6.5 for L-glutamine), 

B: Luminol reagent. C: Pump. D: Injection valve, E: Enzyme reactor(fil1ed 

with co-immobilized glutaminase/glutamate oxidase for the determination o f  

L-glutamine and filled only with glutanate oxidase for the determination 

of L-glutamate), F: Enzyme reactor filled with immobilized peroxidase 

(column-inmobilization method), G: Flow-through cell, H: Mixing coil, I: 



Table 1 Comparison between enzyme reactor(co1umn-immobilization method) 

and CL sensor(membrane-immobilization method) in relation to 

range of sensitivity 

Sample System Range of linearity Reproducibility 

(nM) (RSD. -0 

L-Glutamate Enzyme reactor*' 0.025-1.0 

Enzyme reactor "' 0.001-1.0 

CL sensor"' 0.0001-0.0625 

L-Glutantine Enzyme reactor"' 0.05-5. 0 

CL sensor" 0.001-2.5 

a):Microperoxidase from equineheart was used as catalyst for the chemiluni- 

nescence reaction, b): 0.1M hexacyanoferrate(11) was used as catalyst for 

the chemiluminescence reaction, c): Microbial peroxidase from k r t h r o m y c a s  

r s a o s u s  was used as catalyst for the chemiluminescence reaction. 
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Fig.6 Simplified sketch of fiber-optic/ 

electrochemical probe for electro- 

generated CL measurements and flow 

injection analysis 





i FLOW CELL 

Fig.8 Schematic diagram of the flow nanifold; (A)load position; 

(B)injeetion position 
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Table 2 CL sensors developed 

Analyte Sample CL system Method Analytical figure of merits Literature 

DL SF OSTA(Sam/In) RSD 

Ureahthanol Cultivation Luminol/L [Fe(CN) .I/ F ca. 5mM - 
media (NH.) zSO./enzynies/ethanol (Ethanol ) 

or urea 
Adrenaline Medicine Mn(I 1)-porphyrin PI) 3x10-'M 60h-I 

/adrenal ine/NaOH/ 
HE.) 

KZOZ Standard Luminol/alkali/E~O~ F 10-9 ZOOh" 
Glutamhe/ Mammalian cell Luminol/enzymes/HiOt P 106M 30h-I 
L-Glutamate culture /glutamhe or glutamate (Glutaminel 
HOCL Tap water Uranine/I lE/HOCL F 2x10-'M 60h-' 
DNA Standard Luminol/HtOa/DNA F lo-'%"' - 

/ethidium bromide 
Cud I) Sea water /?-nitrostyrene/NaOH/ CS" 0.lng 200h-' 

surfactant/f luorescein/ 
Cu(ll) 

CN" Standard Uranine/surfactant/CN/ CS 0.5pg 360h-I 
NaOH 

SO2 Wine Ce(IV)/DSMb)/RFSc' /SO2 SCS" 5.Omg/1 40h-I 
Glucose Standard TCPO/H *02/f luorescer P 3x10-'M ca. 20h-I 

/cTAB~' /enzyme/glucose 
Standard Ru(bpy) 8%'" /NAD+F/ F 10.uM ca, 60h-* 

enzyme/gl ucose 
ATP Standard Luciferin/02/enzyme/ P 5Ofmol 100/day 

Mg2+/ATP 
Oxalate Standard Ru(bpy) a (ndbpy) (Clod) Z"  F 10-'M ca. 240hm1 

/oxalate 
Urushiol Standard H20i/NaOH/uranine/ P l.O~lO-~hi ca. 1201T1 

urushiol/acetone 
acetone/urushiol/ P 1.0~10-'M ca. l20h-I 
SCF-COa') 

Hypoxanthin/ Tuna muscle Cyprid/aa luciferinM/ F 0.02~M ca. 30h-I 
cholesterol etc. enzyme/hypoxant hin 

6h1' 1. 6% --- ca. 3% 

-- 2.5% 
100/8 0.3% 
months --- 1.1% 

-- ca. 3% 

Abbreviations: DL, Detection limit; SF, Sampling frequency; OSTA(Sam/In). Operational stability 
(minimum sample injection number) ; RSD, Relative standard deviation. 
a) Ionic ion-exchange resin; b)Disulfitomercurate; c)Riboflavin sulphate; d)Cetyl trimethylammonium 
bromide; e)Tris(2,2'-bipyridyl)ruthenium(Il); f)Ruthenium(I I)bis(2,ZB-bipyridine)(4. 4'-dinonadecyl- 
2.2'-bipyridine) perchlorate; g).Super critical fluid-COz: h)2-methyl-6-phenyl-3, 7-dihydroimidazo[l, 2 
-a lpyrazin-3-one; i)Flow-through system; j)Closed system; k)Sani-closed sytem; 1) 1x106M free 
chlorine with continuous flow sensing mode; m)As for Hi02 detection. 
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