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ABST CT 

In recent years, the field of measurement and instrumentation, particularly in the 

area of sensor development has expanded rapidly. Approaching to the 21st century, the 

need for high quality sensors to be integrated into sophisticated measurements and 

control systems is evident. Equivalently with the rapid advance in the development of 

sensors based on microelectronics, those based on optical techniques have expanded 

significantly over the last two decades, particularly with the development and 

incorporation of optical fibers. A considerable amount of research efforts on the much 

broader base, known as optical fiber sensor technology began thereafter. Among various 

optical sensing techniques for optical fiber chemical sensors, evanescent field absorption 

sensing based on the modulation of the intensity of light propagating through the optical 

fiber is of significant interest due to their wide spread applications and advantages, such 

as remote and distributed sensing, on-line measurement, environmental pollution 

monitoring, industrial process control etc. Apart from this, these sensors can be used in 

the continuous monitoring and control of concentrations of absorbing fluids. There are 

two kinds of evanescent field absorption sensors. First, direct absorption based sensors 

and the second, reagent mediated absorption based sensors. The present thesis is devoted 

to the fabrication and characterization of fiber optic pH sensors. These sensors are based 

on the principle of the reagent mediated evanescent field absorption sensor. The main 

focus is on the response characteristics and the sensitivity of the pH sensors. The entire 

work can be broadly classified into following three sections: 



(I) Fabrication and characterization of fiber optic pH sensor with different probe 

geometries: 

Fiber optic pH sensors utilizing evanescent field absorption spectroscopy and dye 

doped sol-gel immobilization technology have been fabricated. A mixture of the three pH 

sensitive dyes has been used to obtain the long range of pH sensor. Two kinds of probes 

namely U-shaped and side polished half block have been used. Detailed experimental 

studies have been carried out to investigate the effect of fiber parameters and the probe 

parameters on the sensor response and sensitivity. In the case of the U-shaped fiber optic 

pH sensing probe, the decrease in the bending radius increases the sensitivity. Further, for 

a given bending radius and the fiber core diameter, increase in the numerical aperture of 

the fiber increases the sensitivity of the U-shaped pH sensor. In the case of side-polished 

single mode optical fiber pH sensor, the decrease in the radius of curvature of the groove 

increases the sensitivity of the pH sensor. This occurs due to the increase in the 

evanescent field and hence its interaction with the pH sensitive dyes entrapped in the 

film. The advantage of the side-polished single mode optical fiber is that a very small 

amount of sample is needed to measure the pH of the fluid, which is important when the 

procurement of the sample in. large quantity is not possible. 

(II) Fabrication and characterization of long range fiber optic pH sensor: 

Fiber optic pH sensor based on evanescent field absorption and immobilization of 

ethyl violet dye on the surface of the unclad core of the straight fiber using sol-gel 
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technique has been fabricated and characterized. The sensor operates in the pH range 2 to 

13. The sensitivity of the sensor increases with the increase in the length of the probe. 

This occurs because increase in length increases the absorption of evanescent field. 

(III) Effects of ionic strength and temperature of the fluid on the sensor response: 

The effects of ionic strength and temperature of the fluid on the response 

characteristics of the fiber optic pH sensor based on straight probe and U-shaped probe 

have been studied. In the case of straight fiber optic pH sensing probe immobilized with a 

single pH sensitive dye, the response depends on the ionic strength and the temperature 

of the fluid. On the other hand in the case of U-shaped fiber optic pH sensing probe 

immobilized with a mixture of three pH sensitive dyes, the response curve is independent 

of ionic strength up to 1.0 M ionic strength. This occurs, possibly, due to the presence of 

three dyes in the film. Their individual effects are of different sign making the net effect 

zero. However, the temperature affects the response curve of both kinds of sensors. The 

effect of temperature is non-linear. Thus the pH sensor developed by us is likely to 

perform best under well-defined sample conditions. 
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