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Abstract

In the present work, the densities and refractive indices of
pure liquids Hexadecane, 1-butanol and 1-heptanol and that of
binary solutions of Hexadecane with 1-butanol and hexadecane
with 1-heptanol are determined experimentally. The values of
Molar refraction and electronic polarization for each the binary
mixtures were calculated from the measured values of refractive
indices and densities over the entire concentration range of
mixture composition (0.0 —1.0) at constant temperature
298.15K. An intensity modulated evanescent wave fiber optic
sensor was developed to characterize the properties of binary
mixtures at various mole fractions.

Keywords: Fiber optic, chemical sensor, binary solutions,
Refractive index, Molar refraction, Output power.

1. Introduction

The knowledge of intensive properties like density,
refractive index and constitutive properties like dielectric
constant and molar refraction are essential to understand
the molecular interactions and inherent properties of
liquids and may directly be employed in various industrial
requirements viz. pharmaceuticals, polymer industry,
ceramic industry, electronic industry, agriculture etc.
(Shodhganga).The studies of refractive indices are being
increasingly used as tools [1-5] for investigation of the
physical properties of pure components and the nature of
intermolecular interaction between the liquid mixture
constituents. The thermodynamic properties like molar
volume, molar refraction, etc., are very useful tools in
understanding intermolecular interaction between like and
unlike molecules from the nature and structure of the
molecules.

In recent years, the optical fiber sensor has attracted
great interest in various fields (Lee, 2003) due to its
numerous  advantages, including immunity to
electromagnetic interference, small and compact size,
sensitivity, remote sensing, multiplex ability and

embedded ability into various textile structures (El-Sherif
et al., 2007).

Fiber-optic chemical sensors (FOCSs) represent a
subclass of chemical sensors in which an optical fiber is
commonly employed to transmit the electromagnetic
radiation to and from sensing region that is in direct
contact with the sample. The spectroscopically detectable
optical property can be measured through the fiber optic
arrangement, which enables remote sensing. In addition to
advantages in terms of cheapness, ease of miniaturization,
obtaining safe, small, lightweight, compact and
inexpensive sensing systems, a wide variety of sensor
designs are possible (Jer6nimo et al., 2007; Lukowiak &
Strek, 2009; Seitz, 1988).

Fiber optical chemical sensors with various sensing
mechanisms and different sensor designs for refractive
index, PH measurements, concentrations of solutions and
organic pollutants in water can be seen in literature [5-15].

In the present study, the properties of binary solutions
of Hexadecane with 1-Butanol and 1-Heptanol were
studied. An evanescent wave absorption fiber optic sensor
was designed and calibrated for the properties of binary
solutions.

2. Materials and methods

All chemicals (Hexadecane, 1-butanol and 1-heptanol)
were purchased from SPFine Ltd. (AR grade, 98% - 99%
pure) and were purified by fractional distillation method.
The optical fiber used in the experiment was a standard
commercial step index polymer optical fiber (POF) with a
Polymethylmethacrilate(PMMA)  core of  diameter
0.980mm surrounded by a thin cladding layer of
fluorinated polymer. The core refractive index (Neoe) Was
1.49 and the numerical aperture was 0.5. The refractive
index of clad made of fluorinated polymer was 1.4036.
Acetone was applied to the POF using a cotton bud and
neutralized with the de-ionized Water. Acetone reacted
with the surface of the polymer to form milky white foam
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on the outer cladding which was then removed by the sand
paper. A 3cm cladding region in the middle of the 1metre
length plastic optical fiber was declad by H,SO,
treatment. The light source used was 5mW, 632.8nm He-
Ne laser (HNLO50R) from Thor labs and the optical power
meter was BD502A Handheld Optical Power Meter (-70~
+10dBm) from Fiberstore, China.

3. Experiment

Binary mixtures were prepared by mixing a
known mass of each liquid in an airtight, stopper glass
bottle. Refractive indices of pure liquids and binary
mixtures were measured using thermostatically controlled
Abbe’s refractometer with accuracy 0.001 units.
Calibration was performed by measuring the refractive
indices of doubly distilled water. The masses were
recorded on one pan digital balance (petit balance
AD _50B) with an accuracy of (£0.001) gm. Care was
taken to avoid contamination during mixing. The densities
of solutions were determined by precalibrated pyknometer
(= 0.1%). The constant temperature of the prism box is
maintained by circulating water from thermostat at (300 +
0.1)K. From the measured values of densities and
refractive indices(n), the values of molar volume (V),
electronic polarization (€), molar refraction were computed
using the formulae:

The molar refraction of pure liquid is given by

2
-11M
a0t
n+2|»
Where, n- Refractive index; M- Molar mass; p- density

-

For binary mixture, Molar volume

Vms — Mlxl;stxz N (2)
Where X; and X, are the mole fractions, M, and
M, are the molar masses of first and second
liquids and pps is the density of the binary
solution

And Molar refraction of binary solution is given
by

2
-1
Rms: nZ VmS - (3)
n +2

The experimental arrangement of evanescent
wave intensity modulated fiber optic chemical sensor used
was as shown in figure 1. Optical fiber acts as a wave
guide for light if the cladding has a lower refractive index
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than that of fiber material. When the light is reflected from
the interface of the fiber core and the cladding (or any
other material surrounding the fiber core), the field
associated with the light wave extends beyond the
interface into the surrounding medium. The amplitude of
this field decreases exponentially with distance from the
interface. If the surrounding material absorbs some part of
the light propagating through the fiber, the power received
at the other end of the fiber would be less by the amount
absorbed by the surrounding medium. This idea has been
implemented in the experimental set up shown below (Roy
S. 1999).

OPTICAL FIBER

He-Ne POWER
LASER METER
MICROSCOPE DETECTOR
TIV
OBJECTIVE MAGNETIC
STIRRER

Figurel. Schematic diagram of the sensor and experimental
set up

The light from He-Ne laser is coupled with the
optical fiber through a lens. The length (3cm) of the fiber
within the glass vessel containing the binary solution was
uncladded so that the fiber was directly in contact with the
absorbing medium that is, the binary solution under test.
The received power was measured by the power meter.
The power received by the power meter was reduced by
the amount that was absorbed by the solution through
evanescent absorption. The received power at the detector
was given by the expression,

P(L)=P, exp(-al) —(4)

Where ‘L’ was length of the unclad optical fiber and ‘Py’
is the power transmitted from the laser source end. The
parameter ‘o was evanescent absorption coefficient of the
binary solution and ‘exp (-a.L)’ represents power absorbed
by the binary solution through evanescent absorption. The
power P(L) is a sensitive function of ‘a’ which itself
depends upon the refractive index of binary solution.

3. Results and tables

Densities, refractive indices, electronic
polarizations and molar refractions of pure liquids were
obtained and recorded in table 1

Tablel: Properties of pure liquids

Molar Refrac | Density
Compound | mass tive P &=n’ Rums
M Index | 9m/ml
gm n
Hexadecane | 226.41 1.4348 | 0.7735 | 2.0586 76.34
1-Butanol 74.121 | 1.3985 | 1.3985 | 1.9558 | 22.175
1-Heptanol 116.021 | 1.4121 | 0.0820 | 1.9940 | 35.196
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Densities, refractive indices, electronic polarizations and
molar refractions of binary mixtures of hexadecane and 1-
butanol were obtained and recorded in table 2

Table 2. Properties of binary mixtures of hexadecane (1)
and 1-butanol (2)

Xl Xz n Pms € Rms
gm/ml

0.0000 1 1.3985 | 0.8076 | 1.9558 22.175

0.0904 | 0.9096 | 1.3988 | 0.7993 | 1.9566 | 26.5799
0.1967 | 0.803 1.4009 | 0.7972 | 1.9625 | 31.6800
0.2530 | 0.747 1.4032 | 0.7949 | 1.9689 | 34.5643
0.3986 | 0.6014 | 1.4112 | 0.7913 | 1.9914 | 42.2689

0.4809 | 0.5191 | 1.4170 | 0.7895 | 2.0079 | 46.874
0.5730 | 0.427 | 1.4210 | 0.7859 | 2.0192 | 51.996
0.6757 | 0.3243 | 1.4277| 0.7850 | 2.0383 | 57.8899
0.7925 | 0.2075 | 1.4286 | 0.7825 | 2.0409 | 64.022
0.9260 | 0.074 | 1.4388 | 0.7778 | 2.0557 | 71.8723
0.9628 | 0.0372 | 1.4347 | 0.7757 | 2.0584 | 74.2150
1 0 1.4348 | 0.7735 | 2.0586 76.34

It can be observed from table2 that, as the mole
fraction (or volume) of Hexadecane increases in the binary
mixture, the refractive index and molar refraction increases. The
variation of Molar refraction of binary mixture with variation of
mole fraction was shown in figure 2. It was observed to vary
almost linearly with mole fraction of hexadecane in the binary
mixture.
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Figure2: Molar refraction Vs Mole fraction of Hexadecane in binary
mixture of Hexadecane (1) and 1-butanol (2)

The variation in output power when the laser
beam passes through the binary mixture of Hexadecane
and 1-butanol for various mole fractions was plotted by
taking molar refraction along X-axis and output power
along Y -axis as shown in Figure 3.
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Figure3: output power Vs molar refraction of binary mixture
of hexadecane(1) and 1-butanol(2)

It was clear from figure 3 that, the output power
decreases exponentially with increase of molar refraction.
This may be attributed to the fact that, the evanescent
wave absorption increases exponentially with increase in
volume  of Hexadecane in the binary mixture of
hexadecane and 1-heptanol.

Densities, refractive indices,  electronic
polarizations and molar refractions of binary mixtures of
hexadecane and 1-butanol were obtained and recorded in
table 3

Table 3. Properties of binary mixtures of hexadecane (1) and 1-
heptanol (2)

Pms
X X3 n gm/ml 3 Rums
0 1 14121 | 0.8204 | 1.9940 | 35.1956
0.0893 | 0.9107 | 1.4124 | 0.8157 | 1.9948 | 38.4293
0.1751 | 0.8249 | 1.415 0.8103 | 2.0022 | 41.8281
0.3041 | 0.6959 | 1.4191 | 0.8049 | 2.0138 | 46.9416
0.3743 | 0.6257 | 1.4231 | 0.8016 | 2.0252 | 49.9921

0.4543 | 0.5457 | 1.4267 | 0.7975 | 2.0354 | 53.46

0.5512 | 0.4488 | 1.4301 | 0.7928 | 2.0452 | 57.642

0.6531 | 0.3469 | 1.4329 | 0.7884 | 2.0532 | 62.00

0.7703 | 0.2297 | 1.4341 | 0.7826 | 2.0566 | 66.914

0.8301 | 0.1699 | 1.4343 | 0.7800 | 2.0572 | 69.3711
0.9242 | 0.0758 | 1.4346 | 0.7754 | 2.0581 | 73.3194
1]0 1.435 0.7731 | 2.0592 | 76.418

It can be observed from the table3 that, as the
mole fraction (or volume) of Hexadecane increases in the
binary mixture of hexadecane and 1-heptanol, the
refractive index and molar refraction increases. The
variation of Molar refraction of binary mixture with
variation of mole fraction was shown in figure 4. It was
observed to vary linearly with mole fraction of hexadecane
in the binary mixture.
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Figure 4: Molar refraction Vs Mole fraction of Hexadecane in
binary mixture of Hexadecane (1) and 1-heptanol (2)

The variation in output power when the laser
passes trough the binary mixture of Hexadecane and 1-
hepttanol for various mole fractions was plotted by taking
molar refraction along X-axis and output power along Y-
axis as shown in Figure 5.
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Figure3: Output power Vs molar refraction of binary mixture of
hexadecane (1) and 1-butanol (2)

It was clear from figure 3 that, the output power
decreases exponentially with increase of molar refraction.
This may be attributed to the fact that, the evanescent
wave absorption increases exponentially with increase of
Hexadecane volume in the binary mixture.

4. Conclusions

A simple and inexpensive intensity modulated
evanescent wave fiber optic chemical sensor was designed
and calibrated for the refractive index, electronic
polarization and molar refraction measurements of binary
mixtures of hexadecane with 1-butanol and hexadecane
with 1-heptanol. The sensitivity of the sensor to various
concentrations of binary mixtures was found high. It was
observed that hexadecane mixes well with 1-butanol and
1-heptanol and with increase in hexadecane concentration,
the molar free volume within the molecules decreases and
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hence refractive index and in turn molar refraction of the
mixtures increase with increase in mole fraction of
hexadecane in the binary mixture. It was verified that
molar refraction (Rm) is an additive and constitutive
property and the refraction of molecule is sum of
contribution of atoms (atomic refraction) and bonds (bond
refraction). The very important feature of this method is
that the sensitivity of the sensor can be effectively varied
by changing the ‘L’, the length of uncladded fiber because
the received power P (L) varies exponentially with ‘L.
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