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Quantitative Analysis Modd for Fiber - Optic Chemical Sensors Based on
Huorescence Quenching for Analytes and Its Application
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Abstract Because the fiber - optic chemica sensors based on the fluorescence quenching has an adjudable
gdort digance from the membrane to the end of fiber optics, forming a gpace of microcel , a diminution of
fluorescence is induced by inner filter efects, involving absorption of both excited light from the light urce
and emitted light from the membrane. If the absorption gectra of anaytes overlgp the fluorescence excitation
and/ or emisdon ectra of the fluoroprobe in the membrane , the quenching Sgnal of the fiber - optic chemical
senorswould be produced by the resonance energy trander. In addition, dynamic quenching hgppens to some
haloid, heawy meta oonpounds and arometic nitro organic compounds. Acoording to the dgructura
characterization of the fiber - optic chemica sensrs based on fluorescence quenching and the mechani am of
fluorescence multiple quenching, a ron - linear methemetica nmodel was deduced and described for the
quartitative andys s nodel for the fiber - optic chemica senors. A multiple node regresson technique for the
guartitative analyd s nodel was reported to provide rapidy and directly the relations between the regponse sgnd
and the concentration of analytes and egablish linear regresson eguation for predicting the concentration of
anaytes. The technique was goplied to fit best mathemetical nmodd from the control sanples of the thergpeutic
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drugs based on the regponse of fiber - optic chemica senors, such as metronidamole, nitrof urantoin and
dfloxacin. The pyrenebutyric acid was chosen as a fluoroprobe for congructing the fiber - optic chemical sensor
to regponse the saples. The experimental results showed that these nodel's had ome good characterigics and
gave an alternative method for edablishing quantitative anays s modd s for the fiber - optic chemica senrs.
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, . Yuan LS—light source; BFB —fifurcated fiber bunde;
(1] S—sanple; MS—membrane senor ; AMT —photomultiplier tube
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Fo/ F=1+ K[Q]? (5 bo=1,b1 = Kt + Ko, b2 = K Koy + K,
2 bs = K (Kit + Ka) ,ba= K Ks Ki,
Ko =0, K =0, (1) X1 =[Q] , X =[Q]*, X =[Q]° , X = [Q]*,
Fo/ F= & =b[Q] + emb[Q] (6)
b , Ki=€Ex*Ean) b Fof F=bo+ by X1+ pXo+ by Xs+ buaXs  (15)
Fo/ F= el (7 (15)
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2.1
( ) ;RF - 540
( Shimadzu) ;DR - 3
( Shimacdzu) ;RDB - 1B (
) ;TB- 85 ( Shimadzu) .
( Molecular Probes Inc.) |,
( ,Scientific Polymer Products Inc.) |, (
,94545) ; (
920706) ; ( ,9505004) .
2.2
(D=2.5mm)
(D=4.5m) (10 Mm% 4
mmi.d.) ‘BA (4 mm x 10 mm)
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1.0 mm) ( 2. 2.1%,n=20) , ; 100 h
0.80 m_. , , FBBA
FBA . 10%, Fo/
FOCS F BA
2.4
(71
BFB ) ,
@_\f_ PMT ,
, FOCS,
'PBAMS F:
FTC
Fo; ,
2 FOCS
P— ;FTC— ; 3
FBAMS — i ( 1)
Fig.2 Schemetic diagram of the flow - cell fiber - optic
chemicd senrs sygem 3.1
P—perigdtic punp ; FTC—flow - through cdl ; (1) ) FOCS
FBAMS—pyrenebutryric acid membrane sengr ; ,
LS—ight source; BAB —Bifurcated fiber bunde;
PMT —photomutiplier tube
: (1)
(2 ;
©) (4) |
; (5) ,
FOCS )
;(6)
2.3 PBA
BA )
, , 48 h 3.2
, 0.01 mm 3.2.1
(3, , 5] (120 mmol/L Nad ,3
FBA mmol/L KA ,20 mnol/L NaHQOs ,1. 2 mnol/L Cad;, ,
,FBA 1.0 mmol/L Mgd,  0.25 mnol/L NaH;POy)
(4, (Metonidamle MT2) 2. g/ 100
[5.6] , 1 ugn _ ,
BA , 10 h , Fo
3 (RS3 = F ( n= 6) 3 )
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. 4.0% 5.0%,
Ig(Fo/ F) = - 2.36x10° %+ 4.45x10 %([Q] ,

R =0.9998 (16) 1 MTZ NFT OXC
3.2.2 Ce(n=6,xts), Cr RE
(8l ( pH = Table.1 The predicting value and ther relaive errors ( %) of
7.2) (nitrof urantoin , NFT) 2. the equetion of linear calibration for MTZ, NFT, OXC (n=6,x*
Mgnl 6yl , .9
(37+0.5) , Cd bgn) cd bgn) RE/ (%)
Fo F MTZ
(n=6), , 5.0 5.1+0.1 2.0
10.0 9.8+0.3 2.0
Fo/ F=0.9626 +0.03112[Q] , R=0.9985 (17) 30.0 29.2£0.9 2.7
Fo/ F=0.9820+0.02854[Q] +1.055 %10 °[Q]°, 60.0 61.5+2.1 2.5
R:loooo (18) 80.0 78.2+2.5 2.3
, (17) NFT
NFT _ [2] BAMS 5.0 5.2+0.1 4.0
NFT , 10.0 9.7+0.3 3.0
, (17) Sern - Volmer 2.0 19.5£0.4 2.5
, : , 30.0 29.240.6 2.7
(17) (18) . 40.0 39.3+0.5 1.8
FOCS OXC
10.0 10.5+0.2 5.0
30.0 28.9+1.1 3.7
3.2.3 50.0 50.2+1.1 0.4
(8l (0.1 nol/L ) 80.0 79.4+1.7 0.8
(ofloxacin ,OXC) 2.0 g/ L 150 100.0 9.1+2.1 3.9
W/ ' ' (37 n i X is ;RE(%):J_C“(':T—CT‘LMOOEMBED
+
_0.5) ' Eg.3; n: number of sanples; x mean, s:D ,relative errors ( %) : BVBED
Fo F (n=
B3
6) 1 y
Ig( Fo/ F) =0.0146 +0.0114[Q] , R=0.9963  (19) 4

Fo/ F=1.0233+0.0104[Q] +1.02 x 10" *[Q]?,
R =0.9999 (20)
, (19) ’
OXC

MTZ ,NFT ,OXC ,

Ell
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