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Abstract 

Fiber optic technology with the role of surface plasmons has tremendously advanced the sensing 

technique of various physical, chemical and biochemical parameters of materials. The working 

of the optical fiber sensor designed by us is founded on the principle of the absorption of the 

evanescent waves passing through the optical fiber. The technique is based on the evanescent 

wave penetration between two dielectric media satisfying the conditions of attenuated total 

internal reflections (ATR’s). In the present work, the cladding of the fiber is removed by a 

suitable technique, and Silver nanoparticles are deposited on it. The evanescent light waves 

passing out of the core of the fiber are absorbed by the metal nanoparticles. The wavelength of 

maximum absorption is specific to the metal nanoparticles as well as to the dielectric constant of 

the surrounding medium and occurs when the wavelength of evanescent light resonates with 

localized surface plasmon (LSP) wavelength of the nanoparticle. Noble metal nanoparticles of 

Silver and Gold exhibit LSP resonance in the visible region of electromagnetic spectrum. In this 

article, we report the characteristic parameters of three sensor probes a, b and c developed by 

researcher. 
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1. INTRODUCTION 

Optical fibers is commonly used in all fields of industry because of their superior characteristics 

compared to traditional data transmission systems they are used in the field of 

telecommunications. Dr. K. C. Kao and his colleagues at standard telecommunications 

laboratories Ltd developed the principle of guiding light with optical fibers. Optical fibers 

networking is free of electromagnetic interference as well as of interference from microwaves 

and radiofrequency and enables multiple light waves to be simultaneously transmitted through 

one single fiber. The materials that are used to produce optical fibers are dielectric, immunized 

against electric conductivity and thus ensure greater protection. 

At the same time, researchers are fascinated that their peculiar characteristics make them highly 

attractive for sensing applications. Optical fibers have acquired a large range of sensor systems 

for accurate detection and analysis of various contaminants. 
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2. THEORETICAL BACKGROUND OF THE STUDY 

The optical source considered is an un-polarized collimated beam. The evanescent field of the 

propagating rays interacts with the metal nanoparticles coated on an unclad region of the fiber 

and excites surface plasmon modes. A strong absorption band is observed when the surface 

plasmon wavelength matches with the wavelength of the evanescent field. The localized surface 

plasmon wavelength depends on the type, size, and shape of the nanoparticles as well as the 

dielectric constant of the surrounding medium. The absorption from a single metal nanoparticle 

is related to its real and imaginary part of the dielectric constant 1(λ, R) as given by 

  (1) 

And 

   (2) 

The above expressions were reported within the framework of the Drude model. λp and λc are the 

plasma wavelength and collision wavelength, respectively, of the nanoparticle which is specific 

to a given sensor and ∞is the high-frequency dielectric constant which occurred due to interband 

transitions. The value of ∞ for Silver lies between 4.7 − 5.3. In our case, we have taken ∞ = 5.13 

for the calculation of optical parameters of prepared fiber optic sensor probes. 

In the case of evanescent wave absorption in optical fibers, one needs to take into account the 

absorption coefficient of the ray making an angle θ with the normal to the interface and other 

parameters characteristic of the metal nanoparticles deposited on the core of the fiber as well as 

the length of the sensing region. Gupta et al., have obtained the evanescent absorption coefficient 

for spherical metallic nanoparticles deposited on optical fiber core as 

  (3) 

Here, E is the extinction (scattering + absorption) of a single metal nanoparticle, α is the skew-

ness parameter for the rays having values between 0 to π/2. θc is the critical angle of the sensing 

region, λ is the wavelength of light used and θ is the angle that the incident ray makes with the 

normal to the interface. n1, n2 are the refractive indices of the optical fiber core and metal 

nanoparticle, respectively. N is the total number of nanoparticles attached to the bare core of the 

fiber given by 

  (4) 
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 and R being the radii of the core and the metal nanoparticle, respectively and L is the length of 

the sensing region. The extinction of a single metal nanoparticle is given by 

  (5) 

Here, m is the dielectric constant of the surrounding medium. One can notice that the condition 

for maximum extinction occurs when 

  (6) 

This condition is specific to the intrinsic parameters λp, λc of the sensing region. Under the 

practical situation, the number of deposited nanoparticles, as well as the size uniformity of the 

nanoparticles on the fiber core cannot be ensured. However, a rough estimate of the intrinsic 

parameters for a given sensor probe immersed in a medium of known dielectric constant can be 

obtained from the experimentally measured transmitted output power at different wavelengths. 

The output power P from the sensor probe can be related to the launched power P0 via the 

relation 

  (7) 

Here, L is the length of the sensing region and γ(θ, λ) is the evanescent absorption coefficient of 

the sensing medium given by equation (3). 

3. RESULTS & DISCUSSION 

The theoretical analysis described above suggest that the sensor probe can be characterised by its 

plasma and collision wavelength. We have obtained these parameters for the probes a, b and c 

using the experimental results obtained for the surrounding media of known dielectric constant 

Viz; water and air. The characteristic wavelengths λp, λc of the three sensor probes a, b and c are 

obtained from the experimental observations reported in which air and distilled water are the 

surrounding media of which the dielectric constants are taken as the standard values 1 and 1.768, 

respectively by assuming them to be nondispersive. The wavelength of maximum extinction for 

air (λa) and water (λw) have been obtained experimentally. The straightforward calculations of 

the plasmon wavelength (λp) and the collision wavelength (λc) as the functions of the maximum 

extinction wavelength are obtained by making use of equations (1) and (6) which yields 

  (8) 

And 
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  (9) 

Making use of equations (8) and (9), the values of plasma wavelength and collision wave-length 

for the probes a, b and c were obtained as shown in table 1. 

Table 1: Experimentally obtained values of plasma wavelength (λp) and collision 

wavelength (λc) for the probes a, b and c. 

S. No. Probe NP size (nm) λa (nm) λw (nm) λc (µm) λp (nm) 

(i) a 107 401 430 76.7 176.43 

(ii) b 132 406 433 74.9 185.51 

(iii) c 140 410 434 64.2 185.93 

The substantial variation in the collision wavelength (λc) and minor changes in plasmon wave-

length (λp) with increasing nanoparticle size can be viewed from table 1. The values of λc and λp 

indicate that the collision wavelength decreases with increasing nanoparticle size while the 

plasmon wavelength appears to be nearly independent of it. In general, the collision wavelength 

is expected to increase with the increase in nanoparticle size contrary to our observations. The 

discrepancy of our results might be due to large nanoparticle size variation as well as non-

uniform deposition of the nanoparticles on the unclad region of the optical fiber. However, in the 

table 3.1, the average size of the nanoparticles are given. The above observation also suggests 

that the SPR wavelength decreases with increasing collision wavelength. 

We have theoretically estimated SPR wavelength for four different situations, where the 

dielectric constant of the surrounding medium are chosen as m = 1.4, 1.7, 2.0 and 2.3 and the 

values of plasma wavelength (λp) and collision wavelength (λc) are taken from table 1. Figure (1) 

shows the variation of dielectric constant of metal nanoparticle Re( 1(λ, R)) as given by equation 

(1) with respect to the wavelength of light (λ), for the probes a, b and c. Straight lines in the 

figure correspond to twice the dielectric constant of the surrounding medium (2 m) taken for 

analysis. The intersection of the curves of Re( 1(λ, R)) and 2 m represent the SPR wave-length. 

Figure (1) clearly shows that SPR wavelength decreases with increasing dielectric constant of 

the surrounding medium. Since we are focusing our attention on the working of the fiber sensor 

in the visible region, figure 1 clearly indicates that the applicability of the sensor is limited to the 

dielectric constant of the surrounding media between 1.4 and 2.0 only. 



DEVELOPMENT OF OPTICAL PARAMETER CALCULATIONS OF THE PROBES IN WATER 

 

5326 
 

 

Figure 1: Variation of dielectric constant of metal nanoparticle (Re( 1(λ, R))) with respect to 

wavelength of light (λ). 

We had also examined the output intensity when the dielectric constant of the surrounding me-

dia was m = 1.4, 1.7 and 2.0 for the probes a, b and c. Figures 2 to 4 exhibit a dip in the output 

intensity at the SPR wavelength which decreases with the increase in the dielectric constant of 

the surrounding medium. The sensor probe performance appears to improve with increasing 

dielectric constant of the surrounding medium as evident from the maximum extinction shown in 

figure 4. 

In the practical situations, impurities of various dielectric constant are simultaneously present in 

water. We extend the above theoretical model for such situation and define the output power 
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Figure 2: Wavelength (λ) versus normalized output power for medium of different 

dielectric constant ( m) for probe a. 

as 

 (10) 

Here P0 is the launched input power, γi is effective evanescent absorption coefficient of the 

components of the impurities. It is worthy to mention that the dielectric constant of the solution 

surrounding the fiber sensor changes with the change in the solute concentration. 

We have plotted the wavelength versus output power for sensor probes a, b and c, when the 

surrounding medium is taken as the mixture of components of given dielectric constant 1.4, 1.7, 

and 2.0. Figures 5 to 7 exhibit the distinct LSP resonance dips corresponding to the different 

component of the known dielectric constant present in the mixture. The theoretical results are 

tested in case of simultaneous detection of impurities in water.  

 

Figure 3: Wavelength (λ) versus normalized output power for medium of different 

dielectric constant ( m) for probe b. 
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Figure 4: Wavelength (λ) versus normalized output power for medium of different 

dielectric constant ( m) for probe c. 

 

Figure 5: Wavelength (λ) versus normalized output power for medium of different 

dielectric constant taken simultaneously ( m = 1.4, 1.7, and 2.0) for probe a. 

 

Figure 6: Wavelength (λ) versus normalized output power for medium of different 

dielectric constant taken simultaneously ( m = 1.4, 1.7, and 2.0) for probe b. 
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Figure 7: Wavelength (λ) versus normalized output power for medium of different 

dielectric constant taken simultaneously ( m = 1.4, 1.7, and 2.0) for probe c. 

4. CONCLUSION 

Precise measurement of toxic impurities in water is of significant importance in light of human 

health. In general, water is highly contaminated and includes different kinds of contaminants 

near fertiliser plants and the industry. The article focused on experimental activities to detect 

impurities in fluorides, chromium and arsenic using a fibre optic filter sensor in potable 

water. The principle of working of the fabricated fiber optic sensor probe is localized surface 

plasmon resonance (LSPR). The plasmon resonance induced in the metal nanoparticles under the 

influence of an electromagnetic wave of frequency same as the frequency of oscillation of 

electron cloud in metal nanoparticles enhances the absorption. We have deposited Silver 

nanoparticles on a part of the unclad region of the optical fiber using a laser-induced 

nanoparticle deposition technique. This technique of the deposition of the Silver nanoparticle is 

very simple and quick. The Silver based sensor is known for its narrow spectral width and the 

high detection accuracy. Although, Silver is chemically unstable and is highly vulnerable to 

oxidation. Silver nanoparticles are sensitive towards the impurity which inspired us to choose 

Silver nanoparticles for the deposition to make the sensor probe. 
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