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________________________________________________________________________________ 
 
Abstract: The measurement of fluorescence quenching activity of [Ru(L)3]2+ with 4,7-diphenyl-
1,10 phenanthroline (dip) on silica gel and embedded in polystyrene polymers for the determination 
of dissolved oxygen using fiber optic probe is described here. The system is extended by 
immobilization of glucose oxidaze (GOD) for the determination of glucose. The objective of the 
work is to conquer the leaching and photo stability of fiber optic oxygen and glucose sensor and 
thus provides reproducibility as well as long term stability. The measurement range is 0.5 to 20 ppm 
and 1 to 10 mM for the determination of oxygen and glucose respectively. The glucose sensor 
observes the maximum activity of solution at 6.5 pH. When compared to earlier optical glucose 
sensors, the system confirms faster response time and it is plotted. The work creates the possibility 
to reduce the component size in future with out disturbing the stability. 
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________________________________________________________________________________ 
 
 
1. Introduction 

 
Obviously, molecular oxygen is a well-known quencher of the excited states of luminescent 
molecules [1-6]. The oxygen quenching process is described by the Stren-Volmer equations (1 and 
2) for emission intensity and life time measurements [7]. The slope of the plot (also known as the 
Stern-Volmer constant, Ksv) is a measure of the oxygen sensitivity of the sensor [8-11]. 
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 oqo k τ+=Φ
Φ 1 (Quencher) (1) 

 
 oqo k ττ

τ +=1 (Quencher) (2) 

 
where oτ ,τ , oΦ andΦ  are the excited state lifetimes and emission quantum yields in the absence 
and presence of quencher, respectively, and kq is the bimolecular quenching rate constant. 

 
A glucose optical sensor is produced by immobilizing glucose oxidaze in a polyacrylamide gel, 
which is held by a cellophone membrane on the tip of an optical fiber [12]. Naturally, the range of 
detectable concentrations depends on the initial pressure of oxygen as shown in equation (3). 
Concentrations down to 10 mM glucose can be measured in the presence of pure oxygen at 
atmospheric pressure. 

 
 D-Glucose + O2   →GOD   D-Gluconolactone + H2O2 

 

D-Gluconolactone + H2O → D-Gluconic acid  

(3) 

 
 

When fluorescence is involved in the operation of an optical sensor, the emission time and the 
excitation/emission spectrum are both altered by the immobilization method, the concentration of 
the reactive species, and the nature of the solid support. There are number of oxygen indicator dyes 
widely available and the work is experimented [Ru(dip)3]2+. The importance of Ru(II) coordination 
compounds is evidenced by the number of scientific publications and patents in which these 
molecules are used for implementation of oxygen sensing schemes and devices, besides the number 
of commercial monitors based on these dyes [13]. The most commonly used Ru(II) complexes for 
fabricating oxygen sensors have been those of the type [Ru(L)3]2+ with L = 2,2`- bipyridine (bby), 
1,10-phenanthroline (phen) and 4,7-diphenyl-1,10-phenanthroline (dip) and the chemical structure 
of each is shown in Figure 1. 

 

 
 

Fig. 1: The structure of Ruthenium (II) complexes from the top, left (clock wise) 
Ru(bby)3

2+, Ru(phen)3
2+, Ru(bby)2dppz 

2+ and Ru(dip)3
2+. 
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The long emission lifetime of the latter has made it particularly attractive. In order to fabricate an 
oxygen indicator material, the luminescent Ru(II) coordination compounds have been immobilized 
in organic polymers and/or inorganic polymers, using different immobilization procedures 10, 14-25. 
The experiment is constructed using entrapment of  Ru(II) complex type of [Ru(L)3]2+ with 4,7-
diphenyl-1,10 phenanthroline (dip) on silica gel and embedded in polystyrene polymers, where the 
fiber tip is dipped. 

 
The system is extended to probe the glucose by immobilizing glucose oxidaze (GOD). The 
measuring system consists of an optical unit (a special fiber-coupler array, optical filters, lenses, 
light sources (LEDs) and light detectors (photodiodes, PMT), an analog signal processing (phase 
angle detection, filtering) and a digital signal processing (control, data storage and display). 

 
 

2. Experimental Procedure 
  

2.1 Materials and Methods 
 
2.1.1 Chemicals 

 
The opto sensor is constructed using 4, 7-diphenyl-1, 10 phenanthroline-ruthenium (II)  [Ru (dip) 

3]2+ as an indicator dye which is immobilized on silica gel and embedded on polystyrene and the 
solution is dissolved in phosphate buffer at a pH 6.5. The same solution is used to fabricate fiber 
optic glucose sensor with the addition of 100 µl of the glucose oxidaze, 225 units/mg protein, just 
before the sensor fabrication. All the chemicals used here, are purchased from Sigma. The 
phosphate buffer solution is prepared at a pH 6.5 in the laboratory26. 
 
2.1.2 Instrumentation 

The fluorescence measurement is done using bifurcated multimode optical fiber bundle of 
randomized glass fibers, which has an optical diameter of 1.5 mm. The sensor is assembled on the 
common end of the bundle by the use of Teflon tube, which holds a membrane. Like all other 
optical sensor system, an LED and silicon photodiode is used as a light source and as a detector, 
respectively as shown in figure 2. The maximum fluorescence of the trained membranes is matched 
to the emitted wavelength of LED. The instrumental system is also comprised with an analog 
processing unit and a digital processing unit. 

 
 
2.2 Sensor Construction and Immobilization Procedure 

 
The end of the optical fiber was soaked in methylene chloride for 10 sec., after that it is silanized by 
dipping the tip for 1 h. into a 20 ml water solution containing indicator dye solution. For the 
fabrication of fiber optic oxygen sensor, the solution [Ru (dip) 3]2+ all dissolved in a phosphate 
buffer at 6.5. The same solution is used to fabricate fiber optic sensor for glucose with the addition 
of 100 µl of the glucose oxidaze, 225 units/mg protein, just before the sensor fabrication (dilution 
1:50). The sensor is rinsed in a water solution for 48 h. to release all the enzyme and dye molecules 
that are not trapped inside the polymer matrix. Fiber optic oxygen sensors are stored under dry 
conditions at room temperature. Fiber optic sensors for glucose are stored in a 5% isobutanol PBS 
buffer (pH 7.4) solution at 4oC.  The measurement system is constructed using entrapment 
immobilization procedure of above said indicator dye coated on silica gel and embedded on 
polystyrene polymers, where the fiber tip is dipped. 
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                                        Fig. 2. Experimental Setup. 
 

 
3. Results and Discussion 

 
3.1 Leaching properties of optical sensors 

 
The major concern in the construction of optical oxygen senor is the leaching of the dye from the 
polymer matrix. The indicator, 4, 7-diphenyl-1, 10 phenanthroline-ruthenium (II)  [Ru (dip) 3]2+ dye 
molecules are physically immobilized in the acrylamide matrix, lead to leaching from the entrapped 
cell structure. The leaching rate depends on the average pore size in the host matrix and cross linker 
concentration. The experiment is carried out with 37% acrylamide 0.1M triethylamine, 2*10-4 4, 7-
diphenyl-1, 10 phenanthroline-ruthenium (II)  [Ru (dip) 3]2+ and differenent concentration of the 
cross linker N,N-methylene bisacrylamide. The concentration of cross linker varies from 2% to 7%. 
In the case of fiber optic glucose sensor, glucose oxidaze is added to the polymerization mixture 
just before the photopolymerization. 
 
3.2 Fiber optic oxygen sensor 
 
The Stren-Volmer equation is used to describe the fluorescence intensity as a fraction of the 
dissolved oxygen concentration. 
 

 
I

Io =1+Ksv [02] (4) 

 
where Io and I are the fluorescence intensities in the absence and presence of oxygen and Ksv is the 
Stren-Volmer quenching constant. In principle, higher quenching constants result in a better 
accuracy at low levels of oxygen because of a larger relative signal change per oxygen 
concentration interval. A Stern-Volmer analysis of a fiber optic oxygen sensor is shown in Figure 3. 
By definition, 1 ppm dissolved oxygen is defined as 1mg molecular oxygen dissolved in 1l of water 
solution. 
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Fig. 3. Stern-Volmer analysis of a fiber optic oxygen sensor. 
 

 
3.3 Fiber optic glucose sensor  
 
The glucose probing scheme involves the employment of glucose oxidaze, which catalyzes the 
oxidation of glucose according to the equation (3). In principle, the measurement of the reduced 
oxygen level or the reduced pH when glucose is oxidized by the enzyme serves as an indirect 
indication of the glucose concentration. The initial maximum activity of solution is observed at pH 
5.5, later when the glucose is oxidized by the enzyme glucose oxidaze is observed at pH 7.7. The 
fluorescence intensity is measured against the glucose concentration varies from 0 to 10 mM which 
is shown in Figure 4. 

 
 

Fig. 4. Calibration curve of fiber optic glucose sensor. 
 
 
 
 



Sensors & Transducers Magazine (S&T e-Digest), Vol. 60, Issue10 , October  2005, pp.439-445 

 444 

3.4 Response time measurement of fiber optic glucose sensor 
 
A response time of glucose sensor is observed against the fluorescence intensity that is shown in 
Figure 5. In principle, to characterize the response time, the fluorescence intensity of 1 µm glucose 
sensor is measured against the time. The sensor is measured fluorescence intensity of phosphate 
buffer at pH 6.5. In order to achieve the 5 mM of glucose concentration, the glucose solution is 
mixed with the phosphate buffer. As mentioned above, the increase in the fluorescence intensity is 
observed due to the decrease in the concentration of dissolved oxygen. The sensor is observed the 
maximum increase of fluorescence with in 1.7 sec. 
 
 

 
 

Fig. 5. Response time analysis of fiber optic glucose sensor. 
 
 
4. Conclusions 

 
The construction of optical sensor has been performed with 6 percentage of cross linker N,N-
methylene bisacrylamide, thereby the experiment is free from leaching of dye molecules. From the 
measurement, it is observed that the fluorescence signal from the sensor is sharply decreased upon 
illumination if the ruthenium dye concentration in the polymerization mixture exceeds 5*10-4 M. 
The experiment is carried out using 2*10-4 M 4, 7-diphenyl-1, 10 phenanthroline-ruthenium (II)  
[Ru (dip) 3]2+ . Further, it is studied that the fluorescence intensity decreases linearly with decreasing 
sensor sizes from 100 to 5 µm. The measurements show that for a fiber optic glucose sensor, the 
maximum activity is observed at pH 6.5. The sensor can be used for the measurements of oxygen in 
the range of 0.5 – 20 ppm and glucose levels in the range of 1 – 10 mM with faster response time. 
Work is in progress to reduce the total size of optical oxygen and glucose sensor with faster 
response time when compared to the sensor described here. 
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