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ABSTRACT: 4 Novel optical fiber sensor capable of measuring the parameters such as Refractive Index,
Density, Molar Volume, Molar Refraction and Dielectric Constant with more accuracy and high sensitivity has been
reported in the present paper. Light launched from a source of 630nm travels through a U-shaped glass rod
connected between a pair of PCS fibers of 200/230 um diameters which is immersed in chemical mixtures, reaches
the light detector. During the light transmission through the sensing zone, most of the light enters into the liquid
surrounding the U-shaped glass rod, due to the evanescence of light into the liquid cladding, till the refractive index
of liquid is increased upto the refractive index of the U-shaped glass core. Thus a relationship is formed between the
light reaching the detector and the refractive index of liquid surrounding the U-shaped glass rod. This arrangement
can, not only be used to sense the refractive index of unknown transparent liquids in the dynamic range of 1.35np to
1.50np but also be used to determine Density, Molar Volume, Molar Refraction and Dielectric Constant of binary

liquid. The sensor so developed is highly versatile, simple, reliable and rugged.

KEYWORDS: Density, Dielectric Constant, Evanescence, Molar Refraction, Molar Volume, Refractive
Index, Sensitivity.

L. INTRODUCTION

The study of refractive indices and their predictions are important in the determination of compositions of various
mixtures of liquids. The analysis of several parameters such as the measurement of refractive index in combination
with melting point, boiling point, density and other chemical data are much useful industrially and also for
substances that include serapes, oils and waxes etc. [1]. Optical fiber sensors based on different designs and with
various geometrical constructions for wide range of industrial applications have been reported in the literature [2-5].
Using optical fiber technology it is possible to design several innovative fiber optic index of refraction transducers
that exhibit unique properties. The role played by organic liquids are worth noting in several areas such as
pharmaceuticals, biomedical sciences, chromatographic techniques, solvent system of refraction medium and
solvent system in spectroscopy. The constitution of molecule and the internal structure of the molecule of any

substance decide by the physical properties and hence the macroscopic behavior. To know the complete picture such
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as structure of the molecule ternary, binary mixture of liquids, it is needed to determine the properties of liquids like

Refractive Index, Density, Molar Volume, Molar Refraction and Dielectric Constant etc. [6-9]. Optical fiber sensors

have received much attention in recent past, due to the immunity to electromagnetic interference (EMI), their safety

in explosive and hazardous environment, remote sensing of parameters, distributed sensing, offers high sensitivity

and reliability. These features along with low cost, small in size, easy to installation makes the fiber optic system

applicable for various industrial, engineering, medical, defense, biomedical, food, beverages and monitoring systems

[10-15]. For the determination of compositional proportional presence of two liquids in a particular mixture M. Bali

et al had introduced a novel sensor based on optical fibers [16-17]. The present sensor was developed to study the

various parameters i.e.

Benzene mixed with Methyl acetate by taking in different proportions.

II. EXPERIMENTAL DETAILS

The basic components of experimental arrangement consist of mainly four parts.

1.

2
3.
4

Laser light source of 630nm wavelength radiation.
Bench mark light detector.
Pair of step index plastic clad silica (PCS) fibers.

U-shaped glass rod of following parameter.

Thickness of rod: 0.5mm
Total height of the glass rod(H): 40m
Width between two prongs(Z): Smm
Radius of the Curvature(X): 2.5mm
Depth of the Curvature(Y): 2.5mm
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Fig.1: Geometrical parameters of the

U-shaped glass rod
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Fig.2: Experimental arrangement of Fiber Optic Chemical Sensor

In the experimental setup the light source and the detector are connected by a pair of PCS optical fibers of 200/230
pum diameters via a U-shaped glass rod of specific physical parameters by using necessary connectors and suitable
adhesives. Benzene and Methyl acetate were selected in the present experimentation with an intension to have the
dynamic range 1.35npto 1.50np. The standard physical and chemical properties of the both chemical compounds
were listed in table-1.

Table-1: Standard physical and chemical parameter of Benzene and Methyl acetate

Chemical Parameters Benzene Methyl acetate
(CsHy) (C3Hg0,)
Molar Mass (g/mole) 78.11 74.08
Refractive Index(n) 1.5011 (20°C) 1.3614 (20°C)
Density (g/ml) 0.8756 0.9342
Color Colorless Colorless
Boiling Point 80.08°C 56.7°C
Melting Point 5.558°C -98.2°C
Molar Volume (c.c./mole) 89.2074 79.2978
Molar Refraction (c.c./mole) 26.2863 17.5618
Dielectric Constant (¢ = n?) 2.2533 1.8534
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By mixing a known concentration of each liquid taken by burette system the binary mixtures were prepared and
each mixture was stored in an air tight stopper glass bottle. The refractive indices of all the mixtures were determine
by using Digital Refractometer (RX 7000i) and readings were recorded and tabulated in table-2. The sensor was
calibrated by measuring the indices of refraction of the water that distilled twice. The measurement of masses were
taken by using a Digital Balance AUX 220 series with an accuracy of + 1x10™* gm. A suitable specific gravity
bottle was used for the measurement of densities. While measuring the densities care was taken to measure the
densities accurately by taking the average of the measurement of densities 3 times each. The above measured values

can be used to determine the various parameters by using the following formulae and values are tabulated in table-2.

» The Molar Refraction of pure liquid

M [n?-1
Rm_;[n2+2] (1
» Molar Volume for binary chemical mixtures
_ MgXa+MpXp
Vg =—— )
Pms

» Molar Refraction for binary chemical mixtures

Rins

€)

_ MgXg+MpXp [n2—1]

Pms n?+2

Where:

Ry — Molar Refraction of pure chemical

Vms = Molar Volume of binary chemical mixtures

Rins = Molar Refraction of binary chemical mixtures

Pms — Density of binary chemical mixtures

NN — Refractive index of solution

M, & M}, — Molar masses of 1 and 2™ pure chemical compounds

Xa & Xy, — Molefracations of 1* and 2™ pure chemical compounds
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Output Power when air surrounding the U-shaped glass rod: -33.8dBm

Table-2:Molefraction of Benzene in Benzene + Methyl acetate mixtures, Molefraction of
Methyl acetate in  Benzeme +  Methyl acetate  mixtures, Refractive Index,
Output Power(dBm), Power Loss(dBm), Density(g/ml), Molar Volume(c.c./mole), Molar
Refraction(c.c./mole) and Dielectric Constant (¢ = n’) of Benzene + Methyl acetate
chemical mixtures.
S. Volume of the Molefraction Refractive | Output | Power Density Molar Molar Dielectric
No. binary mixtures Index Power Loss Pms Volume Refraction | Constant
Benzene | Methyl | Benzene Methyl (R.I) (dBm) | (dBm) (g/ml) Vs Rums (e= 112)
acetate (Xa) acetate (c.c./mole) (c.c./mole)
(m) | (ml) 2 (Xp)
1 10 0 1.0000 | 0.00000 | 1.49023 | -47.2 13.4 | 0.8649 | 90.3110 | 26.1195 2.2207
2 9 1 0.9101 | 0.0899 1.47612 | -46.2 124 | 0.8704 | 89.3241 25.1990 2.1789
3 8 2 0.8182 | 0.1818 1.46208 | -45.3 11.5 | 0.8770 | 88.2296 24.2596 2.1377
4 7 3 0.7241 | 0.2759 1.44798 | -44.2 10.5 | 0.8811 | 87.3886 23.3926 2.0966
5 6 4 0.6279 | 0.3721 1.43401 -43.1 93 0.8890 | 86.1760 | 22.4426 2.0564
6 5 5 0.5294 | 0.4706 1.42032 | -42.0 8.2 0.8959 | 85.0692 21.5421 2.0173
7 4 6 0.4286 | 0.5714 1.40697 | -41.0 7.2 0.9027 | 83.9784 | 20.6717 1.9796
8 3 7 0.3253 | 0.6747 1.39578 | -40.4 6.6 0.9086 | 82.9749 19.9272 1.9482
9 2 8 0.2195 | 0.7805 1.38042 | -39.2 54 0.9204 | 81.4478 18.8855 1.9056
10 1 9 0.1111 | 0.8889 1.36901 -38.3 4.5 0.9273 | 80.3707 18.1354 1.8742
11 0 10 0.0000 | 1.0000 1.35697 | -37.5 3.7 0.9324 | 79.4509 17.4025 1.8414

III. RESULTS AND DISCUSSION

The light launched from the source transmits through the 1* fiber and enters into U-shaped glass rod will be coupled

into the 2™ fiber and appears in the light detector connected at other end. The U-shaped glass rod acts as a core and

binary liquid mixture that surrounds the glass rod acts as a cladding in the sensing zone. While light transmitting

from 1% fiber to 2™ fiber it interacts with the binary mixture around the glass rod. This interaction leads to some

amount of light enters into the liquid in the form of an evanescent wave. The amount of light that escapes into the

liquid depends upon the refractive index of concentration of the liquid. More is the concentration of the binary

mixture, more is the amount of the light that enters into the mixture, which results in the less amount of power that

enters into the detector. By taking the constituents of the binary mixtures in different proportion, different solutions

with different refractive indices were prepared and maintained around the glass rod and the relation between

refractive index and output power reaching the detector were plotted in figure [fig.-3]. The relationship between the

power loss vs refractive index was also plotted graphically [fig.-4].
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Fig.4: Relation between Refractive Index Vs Power
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mixtures

From the data refractive index, output power and density obtained experimentally the other parameters such as

Molar Volume, Molar Refraction, Dielectric Constant and Molefraction were calculated and the graphs were plotted

between Density Vs Output Power [fig.-5], Density Vs Power Loss [fig.-6], Molar Volume Vs Output Power [fig.-

71, Molar Volume Vs Power Loss [fig.-8], Molar Refraction Vs Output Power [fig.-9], Molar Refraction Vs Power

Loss [fig.-10], Dielectric Constant Vs Output Power [fig.-11], Dielectric Constant Vs Power Loss [fig.-12],

Molefractions of Benzene and Methyl acetate Vs Output Power [fig.-13], Molefractions of Benzene and Methyl

acetate Vs Power Loss [fig.-14],
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Fig.5: Relation between Density (g/ml) Vs Output
Power (dBm) of Benzene + Methyl acetate
mixtures
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IV. CONCULSION

The sensor developed can be used to measure the refractive index in the dynamical range i.e. operational range
between 1.35np to 1.50np for the liquids either in transparent form or in dark form as the refractometer used in the
experiment is capable of measuring the refractive index of both kinds of liquids at the room temperature (30°C). By
obtaining the refractive index, output power and density data from experiment the other parameters such as Molar
Volume, Molar Refraction and Dielectric Constant also can be determine with the help of the present sensor. Thus
the sensor is set to be versatile device in measuring various parameters of the binary liquids both transparent and

dark whose dynamic range is in between 1.35np to 1.50np at the room temperature.
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