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Abstract 
 
The phenomenon of surface plasmon resonance (SPR), the mixed state of photons and charge 

density oscillations of free electrons in a metal, has received incredible attention due to its 

applications in real time monitoring of physical, chemical and biological parameters. Among 

the various sensing techniques, SPR has received tremendous attention among the researchers 

due to label free detection, high sensitivity, easy handling, robust apparatus, immunity to 

electromagnetic interference, fast response and good limit of detection (LOD). SPR technique 

on combining with optical fiber technology has improved manifold because SPR based 

sensors fabricated on optical fiber possess additional advantages such as miniaturization of 

probe, online monitoring and remote sensing of analytes. Research work in the present thesis 

is devoted on optical fiber based SPR sensors utilizing zinc oxide in different forms. 

Theoretical and experimental studies have been carried out. In theoretical studies, modelling 

of fiber optic SPR sensor has been carried out using single and bimetallic layers, oxides 

overlayer and nanocomposite of two different materials. Using simulations electric field 

intensity at various interfaces, sensitivity and figure of merit (FOM) of the sensor have been 

determined. Experimental realization of the fiber optic SPR based sensors has been worked 

out using single or combinations of layers of plasmonic metals, oxides, conducting polymers 

and nanostructures. These sensors are employed for the sensing of refractive index of aqueous 

media, hazardous and pollutants gases, water impurities and biological molecules. The 

fabricated nanostructures used are in the form of nanoparticles, nanocomposite, core-shell 

nanostructures and nanohybrid. The preparation of sensing surfaces for different analytes 

have been carried out by thermal evaporation coating unit, dip coating, pulsed laser ablation 

technique etc. In the present thesis, one of the works involves a comparative study of the 

electric field intensity, sensitivity and figure of merit of a fiber optic SPR refractive index 

sensor utilizing different metals and high index oxides over layers. Theoretical and 

experimental analyses have been carried out using four metals viz. silver (Ag), gold (Au), 

copper (Cu) and aluminium (Al) in single as well as bimetallic configurations over the unclad 

core of the optical fiber. The analysis has been carried out in terms of electric field intensity, 

sensitivity and figure of merit. The effect of adding a high index oxide overlayer viz. Al2O3, 

Sc2O3, Lu2O3, GeO2, SnO2, TeO2, MgO, ITO, and ZnO over the metal coated core of the 

optical fiber has been analyzed in terms of above stated sensing parameters. The basic theory 

to calculate the electric field intensity as well as the transmission spectrum uses two 

dimensional multilayer matrix method and the ray approach. Experiments have been 
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performed on the probe fabricated using theoretically optimized parameters of the sensor. The 

theoretical results have been found to be in reasonable agreement with the experimental one. 

Finally, the reasons for the slight mismatch in the theoretical and experimental results have 

been explained in detail and the obtained results have been compared with the previously 

reported one. It has been shown that the electric field intensity, sensitivity and the figure of 

merit of the SPR based sensor improve by using bimetallic coating and the oxide overlayer 

for the refractive index sensor.  

For the gas sensing applications, the electric field intensity is not the only parameter 

for the sensitivity enhancement but the sensing surface over the probe should be such that it 

promotes gas molecules to get adsorbed over it and get sensed. This idea has been explored 

for hydrogen sulphide and hydrogen gas sensing applications. ZnO is known to possess large 

defects level which can be able to absorb/reside the gas molecules over its surface. The 

adsorbed gas molecules lead to change in the dielectric function of ZnO and hence this has 

been used in sensing of gases. The concept of adsorbing gas molecules over the defects level 

is only valid for the gases of higher molecular weight like hydrogen sulphide. For the lighter 

gases such as hydrogen which can easily migrate, sensing is not possible by using only ZnO. 

For the sensing of hydrogen gas some absorbent is required along with ZnO. Palladium and 

platinum are well known for hydrogen absorbing capability therefore we have used palladium 

(Pd) for the sensing of hydrogen in the present thesis. First, for hydrogen sensing, we have 

theoretically analysed the effect of palladium on the sensing performance of hydrogen gas. It 

has been concluded that ZnO and palladium nanocomposite as a sensing layer shows better 

sensing performance in comparison to the ZnO/Pd multilayer coated probe. Finally, for the 

real time monitoring, the experiments have been performed using ZnO and palladium 

nanocomposite as a sensing layer for the hydrogen gas.  

Results obtained above depicts that the sensitivity, figure of merit and the selectivity 

of the fiber optic SPR gas sensors have been improved manifold by doping of specific 

metallic absorbent materials (Pd for hydrogen gas) into the high index ZnO. In the next study, 

we have used doping of conducting polymer into the zinc oxide for the detection of impurities 

in water. We have used three typical conducting polymers viz. polyvinylpyrollidone (PVP), 

polypyrrole (PPy) and polyaniline (PANI) for the detection of chlorine content, heavy metal 

ions and the hardness of the water, respectively. The basic idea of the sensing here is also the 

change in the dielectric function of the sensing surface with the analyte molecules. The 

involved chemical interactions/reactions have been discussed in detail. All the probes have 

been cross checked with each other and found that due to specific reactions or interactions of 
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the particular conducting polymer with the particular impurities, the probes have been found 

to be selective.  

Till now, the research work has been carried out utilizing the sensing layer either in 

the form of thin film or the nanocomposite. The effect of dopant in the form of central core 

into ZnO shell has been has also been studied for chemical sensor. Theoretical and 

experimental analyses have been carried out for the sensing of harmful and hazardous 

chemical compounds using core-shell nanostructure. The sensitivity of such core-shell based 

sensor has been found to improve in comparison to the nanocomposite. This is due to the 

large surface to volume ratio of core-shell nanostructure in comparison to the nanocomposite 

structure. Large surface to volume ratio gives more access to the analyte molecule to the 

sensing surface and hence increases the sensitivity. The idea has been explored for the 

detection of phenyl hydrazine (Ph-Hyd) in the phosphate buffer solution. The experiments 

have been performed for the phenyl hydrazine prepared in phosphate buffer of different pH 

values. Finally, all the governing parameters such as pH, volume fraction of Al in ZnO have 

been optimized for the best performance of the sensor. The sensor shows good selectivity 

towards Ph-Hyd due to the specific reactions of the sensing surface with the analyte.  

In all the above studies, the sensors discussed have a single channel sensing region. 

The last study is focussed on the two cascaded sensing regions in a single probe. These 

cascaded channels on a single probe can be utilized for simultaneous comparison of the 

performance of the two or more sensing surfaces with the same analyte or two or more 

analytes on the same or different sensing surfaces.  The study involves both theoretical and 

experimental measurements. Theoretically, the performance of the two sensing surfaces has 

been checked for the dual channel applications. Experimentally, this approach has been 

performed for the bio sensing and medical diagnostic applications where one region is used 

for the deficiency of a particular analyte and the other for the supplying the relevant drug for 

the therapy. It has been applied for the simultaneous estimation of vitamin K1 (VK1) and 

heparin on the same fiber probe where VK1 is responsible for the coagulation of blood 

whereas heparin is a drug to maintain anticoagulation of blood wherever it is required. The 

two fabricated channels have found to be selective for VK1 and heparin therefore the 

fabricated dual channel fiber optic SPR sensing device can efficiently monitor the coagulation 

and anticoagulation of blood.   
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सार 

वतर्मान समय में सरफेस प्लाःमोन रेसोनंस (Surface plasmon resonance) सेंसर ूौद्योिगकी के 

िलये एक अित उत्तम, िविशष्ट, बेहतर एवम गणुकारी तकनीक है, िजसका इःतेमाल िभन्न िभन्न 

ूकार के रासायिनक एवम जिैवक पदाथोर् के बारे मे पता लगाने के िलये िकया जाता है। ूकाशीय तंतु 

के आगमन के बाद सरफेस प्लाःमोन रेसोनंसएक बहुत शिक्तशाली औज़ार क़े रूप मे उभर कर 

आयाहै। सरफेसप्लाज्मोन रेजोनंस पर आधािरत ूकाशीय ततंुसेंसर बहुत अिधक खिूबयां ूःतुत 

करते हैं, उदाहरण के िलए, अिधक सवेंदनशीलता, न्यनूतम पता लगाने की हद, तीो ूितिबया समय 

तथा सभंालने की आसानी। मौजदूा थीिसस में सरफेस प्लाज्मोन रेजोनंस पर आधािरत ूकाशीय तंतु 

सेंसर पर काम िकया गया है। इनमें प्लाज्मोन उत्पादन के िलए चाँदी, सोना, ताँबा तथा 

अल्युमीिनयम के िद्वधातु ूकारों का उपयोग िकया गया है। सेंसरकी सतह बनाने के िलए िजकं 

आक्साइड के अलग अलग रूपों का ूयोग िकया गया है। थीिसस में िसद्धांत और ूयोग दोनों का 

समावेश है, िजनसे िवद्यतुीय के्षऽ, सवेंदनशीलता तथा आंकडों की योग्यता का परीक्षण 

ूःतुतिकयागया है। सतह बनाने के िलए िनमार्ण िकए हुए नैनो सरंचनाओं में नैनो कण, ननैो सकंर 

और दो पदाथोर्ं का नैनो सकंलन शािमल है। िजकं आक्साइड और पलेिडयम के ननैो सकंलन का 

ूयोग हाइसोजन गसै का पता लगाने के िलए िकया गया है। इसके अलावा जल ूदषूण के तत्वों का 

अध्ययन भी िकया गया है। खोल कोर नैनो कणों का ूयोग िफनाइल हाइसाजीन नामक रसायन का 

पता लगाने के िलए िकया गया है, िजनको ःपंिदत लेजर पथृक्करण नाम की अित आधिुनक तकनीक 

का ूयोग करके बनाया गया है। अतं में, िवटािमन K और िहपेिरन रसायनों का समकािलक पता 

लगाने के िलए सेंसर का िनमार्ण िकया गया है। उपिरिलिखत सभी सेंसर की महत्वपूणर् िवशेषताओं 

का परीक्षण िसद्धांत और ूयोग दोनों के जिरये िकया गया है। तुलनात्मक अध्ययन के द्वारा यह बात 

ःपष्ट होती है िक बनाए गए सेंसर महत्ता और गणुवत्ता दोनों के िलहाज से पहले से गढ़े हुए सेंसर से 

बेहतर हैं और ये औद्योिगक इःतेमाल के योग्य हैं। 
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