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ABSTRACT:

Several transducers have been demonstrated to determine the refractive index of liquids
either dark or transparent in the past few decades. In the present work a novel optical
absorption based Ushaped glass probe sensor has bedeveloped to study the refractive
index of various liquids in the temperature range between PC to 6(°C using Toluene and
Acetonitrile mixtures at a source wavelength of 660nm. The sensitivity of the sensor also
studied, by increasing the length of inteaction between the light transmitting through the
U-shaped glass rod and the analyte at the region of the sensing. The variation of the output
power was observed to be a function of the optical absorption related change in refractive
index of the analyte aound the glass rod. The output power data related to different
interaction lengths reveals that, as the length of interaction increases, the output power
decreases. The investigation on temperature dependent variation of refractive index was
carried out, and the results show that higher is the temperature of the active medium
around the glass rod, lower is the refractive index and hence greater is the output power.
The sensor is calibrated with respect to refractive index and output power at operating
range of temperatures between 1€ and 6(C. With the help of this sensor a response time
as short as the measurement precision of the order ok80°can be obtained.

Keywords: Acetonitrile, Active medium, Analyte, Refractive index, Source wavelength of
660nm Toluene, Ushaped glass probe sensor.

INTRODUCTION:

Considerable interest has been attracted towards the development of optical fiber refractive index
sensors in the past few decades. Initially the optical fibers were mainly used for communication
pur pose across t he gl obe. D ers wergy evolviag/ o s w h
communication purposes, it was observed that the optical fiber as a light guiding medium
observed to be highly sensitive to certain internal perturbations like bubbles, voids, impurities,
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refractive index difference, micro structural variations, compositional variations etc. and certain
external perturbations such as mitxends, macrdends, temperature, pressure, etc. On the
observation of the sensitivity of the optical fiber for extermad internal perturbations, a new
thought began in the scientific world to construct numerous kinds of sensor and systems to
measure several environmental parameters such as temperature, refractive index, pressure,
salinity, surface structure, pH, straimiscosity, density, chemical activity, etc., fields like
electric, magnetic, etc. and so on and so forth. The initial developmental work was concentrated
on the development of hydrophone, which can be used for under water applications, later on the
techngue was extended to the fields like industries, medical, defence, science and technology,
agriculture, etc. The fiber optic sensing technique was also extended to civilian applications and
was expected to play a major role in the development of sensarstainall walks ofife.

The fiber optic sensors offers various advantageous over conventional sensors, as they exhibit
excellent characters, that includes electragnetic immunity, corrosion and erosion resistance,

high precision, electrical resistanceliability, durability, ruggedness, provision of multiplexing,
chemical inertness, simultaneous measurement of parameters as OTDR and resistance to
radiation fields, etc. [1]. The refractive index of liquids can be influenced by the variations in
variols parameters including potential of Hydrogen (pH), temperature, electric field,
concentration and magnetic field, etc.-gR Several kinds of refractometers have been
constructed by applying various kinds of techniques, designs and principles of ogdiatite
measurement of refractive index which include surface plasma resonance (SPR), critical angel
refractometer, grating based sensors, etc. as part of conventional serijrdH@wever, there

are many disadvantages that are to be overcome wiakld@s complex fabrication, sensitivity

in measurement of temperature, etc. The SPR refractive index sensors, though they are relatively
expensive to use, they offer advantages of accuracy and response time, etc. Grating based fiber
optic refractive indessensors operate with 2@ 108 resolution, operating at 1550nm &esing

sensing heads which are sensitive to simultaneously to temperatures. For the measurement of
refractive index a double pulse calibration method was reported by &aanggKim et ain the
literature[14].

EXPERIMENTAL DETAILS:

The geometry of the sensor consist of &Haped glass rod of specific dimensions connected
between a semiconductor laser source of 660nm wavelength and a bench mark optical digital
power meter employing tommis ensi ti ve plastic clad siltica (1
shaped glass rod connected between two fibers acts as a clad removed (core) part of plastic clad
silica fiber, whose dimensions are compatible to the dimensions of the cores of the two PCS
fibers used. Therefore, when light launched from the source transmits unattenuated in the two
fibers, but it attenuates along the length of thehdped glass rod, which acts as a core and
which was not covered by any kind of cladding. Thus, the light ijleitom the source suffers a
substantial loss during its transportation alongHaped glass rod, which acts as a sensing zone.
Along the length of the glass rod, the loss of higher order mode radiation takes place in the form
of leaky radiation modes. Asngth of the WUshaped glass rod i.e. sensing length increases, the
loss of light radiation increases. In the region of sensing the light traveling along the ledgth of
shaped glass rod can be made to interact with some external parameter and tHastingdbke
powerreachingthereceiver.A relationshipcanbe formedbetweerthe variationin the external

3312



European Journal of Molecular & Clinical Medi
ISSN 2518260 Volume @, Issue 0, 202D

parameter (analyte) and the corresponding variation in the output power. The sensor with this
kind of geometry wherein the light modulation is taking place outside the fiber is called extrinsic
or hybrid or passive fiber optic sensor.

Takeo et al in a congpison study of various sensors have reported, an optical fiber in which a
PCS fiber was bent into a-&hape, at a section of the fiber by removing the plastic cladding [15].
When bend section of the fiber was immersed in a liquid of a refractive indexinthe output
power yields a signal that is different from that with a bare fiber design.

Fig.1: Surface strain produced b¥ ben_deng.
. . + — . . .
Strain at outer surface (tensmnﬁﬂz @ = strain at inner surface (compression)
Y| — Y

The loss of light during bent portion is a function of 1. Critical bending radius, 2. Thickness of
the rod, 3. Bend radius of the rod, as given in the mathematical equation as
Bending los§¢ [
Re
Thus, the optical power loss at a major bend depends exponentially on bend radius.

_ 0 _ 6
(09 2te
3

C

Wh e r ei: Radius of the fiber core

A BT Critical bending radius

i N Al dNumerical aperture of the fiber.
Therefore, from the above equation it &®an be
But for less light bends, the losses decreases rapidly because of the exponential function. Thus,
the evanescent field extends into the cladding due to the bend in the core and exponentially
decaying with radial distance. The removal of claddingskidpedportion) at a portion of fiber
along its length, subject to the higher order mode of the light transmitting to leak out of the fiber
and the added bending shape further enhancing the leakage of higher order mode radiations from
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the fibers endlks an environmental parameter associated with a liquid to be measured with a
higher order degree of sensitivity.

A set of liquid mixtures were prepared at different proportions making the total volume
equivalent to 20ml, using the combination of Toluene and Acetonitrile and preserved them in
separate glass containers with air tight lids. The refractive indices dfealinixtures were
determined at various temperatures employing an automatic digital refractometer of model
number RX%7000i (Atago make, Japan) at the operating wavelength of 5893A.

Table.1: Standard properties of Toluene and Acetonitrile.

Properties Toluene (CrHs) Acetonitrile (C2H3N)
Structure

CAS No. 108-88-3 75058

Molar ~ Mass| o) 149 41.05

(g/mole)

Density

(kg/rP) 0.869% 10° at 20C 0.782% 10* at 20C
Color Colourless Colourless
Refractive | 1 4967 at 26C 1.3441 at 20C
index

Melting point | -94.9C -43.8C

Boiling point | 110.6C 81.6C

Table.2: Mole fraction of Acetonitrile in Toluene + Acetonitrile chemical mixtures and
Refractive indices of mixtures at various temperatures (frdi@ 1®60C).

Molg Refractive Index at various temperatures
S. | fractio
N | n of
0. | Aceton | 10°C | 15°C | 20°C | 25°C | 30°C | 35°C | 40°C | 45°C | 50°C | 55°C | 60°C
itrile
1 | 0.00000 150 | 150 | 150 |1.49 |1.49 | 1.48 |1.48 |1.48 | 1.47 | 1.47 | 1.47
915 | 591 | 171 | 770 | 325 | 974 |582 |293 | 795 | 509 |102
5> |0.18321 148 | 1.47 | 1.47 | 147 |1.46 | 1.46 |1.45 |1.45 |1.45 |1.44 | 1.44
211 | 795 |[452 | 086 675 |[205 |[872 (495 |083 |637 |283
3 | 033541 146 | 1.45 |1.45 | 1.44 |1.44 | 1.44 | 143 |1.43 |1.42 |1.42 |1.42
009 | 597 | 208 | 795 | 403 | 019 |623 |287 |804 |413 | 087
4 10.46386(1.44 |1.43 |1.43 143|142 142 141 |1.41 141 |1.40]1.40
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197 | 823 | 426 | 007 |682 |187 (809 |376 |007 |596 |243

142 1142 |141 141 {141 |1.40|1.40 139|139 139|138
596 | 187 | 772 | 428 | 049 | 596 | 204 | 804 | 356 | 005 | 604

141 140 140|139 {139 1139 |1.38 138 |1.37 |1.37 | 1.37
075 | 714 | 308 | 914 | 507 | 104 | 705 | 323 | 904 |543 | 123

1391139139 |138 138|137 137 137|136 |1.36|1.35

5 1 0.57372

6 |0.66874

71075175 914 | 535 | 153 | 752 |323 | 985 | 488 |082 |713 | 308 |908
o | 0.6oage 138 | 1.38 | 1.37 | 1.37 [137 | 136 | 1.36 | 135 | 135 | 1.35 | 1.34

604 | 258 | 814 |439 | 018 | 684 |285 | 875 | 492 | 098 | 696
o | osgosy 1-37 | 1.37 | 1.36 |1.36 [136 (135 |135 | 134 | 134 | 1.34 | 1.33

712 | 279 | 857 | 478 | 106 | 706 | 268 | 886 | 489 | 086 | 665
1 [ yonres 1.36 | 1.36 | 1.35 [ 1.35 | 1.35 | 134 (134 [133 [133 | 133 | 132
o |0 647 | 202 | 804 | 402 | 098 | 643 | 207 |812 | 407 | 008 | 604
1 |1 00000 1.35 | 1.35 | 1.34 [ 1.34 | 1.34 | 133 [133 [132 [132 | 1.32 | 131
1 | L 706 | 304 | 886 |517 |108 | 705 |306 |903 |511 |105 |721

Maintaining each mixture surrounding thesblaped glass rod with an immersion depth of 1cm,
the light reaching the detector at output end was noted and data was tabulated along with
calculated value of mole fraction.

Table.3: Mole fraction of Acetonitrilein Toluene + Acetonitrile chemical mixtures and Output
power at various temperatures (fron?@Go 60C), when depth of immersion of-Ehaped glass
rod into chemical mixture 1cm.

Output Power when air surrounding theshlaped glass roe24.80dBm (at 3TC)

Mole .
S | fraction Output Power(dBm) at various temperatures
N g o |10 158 200 |25 | |35 |40 |45 |50 |55 |60
0. U;SC)I c |c |c |c c |c |c |c |c |c

1 |0.00000|39.5|39.2|39.0|38.7|38.3|38.0|376|37.3|36.9|36.6|36.3
0 0 0 0 3 0 3 7 0 3 0

2 10.18321 37.136.8|36.6|36.4 |36.1|358|356|354 34.9

37313713 |7 |3 |7 |3 |7 |3 |27

3 10.33541| 359 | 35.7 :9)56 35.4|35.2 | 34.9|34.6 | 34.4| 34.0 é38 335
7 3 013 7 3 7 3 7 ©17

4 |0.46386|35.0 | . 345 |34.2|33.9|33.6(33.3|33.0]. 325 .
Z 34.8 |3 3 Z 3 Z 3 32.8 |5 32.4

> |9°7372| 339 33.6|33.3| 33.0| 32.8 | 32.5|32.3| 32.1| 31.9| 31.6 | 31.3
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3 3 7 3 7 7 7 3 7 7

30.3
7

6 |0.66874|32.8|32.6|324(322|-32 |31.7|31.4|31.1|30.8

7 13 |3 |3 3 |3 |3 |3 |306

7 |0.75175|32.2 | 32.0 | 31.7 31.1 | 30.8 | 30.5|30.3|30.0|29.7|294

3 |3 |7 (35377 |7 |3 |7 |3 |3
8 |0.82488 ;1.3 ;1.0 §0.7 30.5 -30.3 go.o '29_7 '29_4 59.1 '28_9 28.6
9 |0.88981 '30_7 _go.4 ;;0.1 -%9.8 _39.5 ’29_3 -29 -%8.7 ’28_5 :3,8.2 '27_6
10 | 0.94783 | -30 g9.6 -59.3 '29_1 -28.9 '28_6 -%8.3 '27_8 -37.2 -ges.? '26_2
11 | 1.00000 '29_3 _29.0 -28.7 -28.5 -28.2 '27_7 '27_2 -26.7 -26.3 -25.6 _25.2

3 7 3 3 3 3 7 3

The method of measurement of output powers as a function of temperature corresponding to all
the mixtures was repeated by immersingshdped glass rod to a depth of 2cm and 3cm
sequentially into the liquid.

Table.4: Mole fraction of Acetonitrile in Toluene Acetonitrile chemical mixtures and Output
power at various temperatures (fron?@Go 60C), when depth of immersion of-Ehaped glass
rod into chemical mixture 2cm.

g | Mole Output Power(dBm) at various temperatures
No fraction of
@CQTO”'”' 10°C | 15°C | 20°C | 25°C | 30°C | 35°C | 40°C | 45°C | 50°C | 55°C | 60°C

1 |0.00000 |42.2 419|415 |41.1|40.8|40.5|40.0|39.8|39.4|39.0]|38.7
0 0 0 0 0 0 3 3 0 3 0

2 10.18321 39.739.4|39.1 388|385 |38.2|38.0|37.7|375|37.2|36.8
7 0 3 3 3 0 0 7 0 3 7

3 [0.33541 38.0|37.8|37.6|37.3|37.0|36.6|36.2|359|355|351|34.38
7 3 0 3 7 0 0 3 0 0 3

4 10.46386 36.7 | 36.4 | 36.0 | 35.6 | 354 | 35.0 | 34.7|34.3|34.1| 33.7 | 33.3
3 0 3 7 3 3 0 0 0 0 7

> | 07372 1357|349 |34.6 344 341|337 333|332 32,9 | 325322
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7 0 0 0 7 0 3 0 0 7 0

6 |0.66874 34.2 133.8(335|33.2|33.0326|323|319|316|31.3|31.1
0 7 3 7 3 7 0 7 3 7 0

7 | 0.75175 33.2|33.032.7 (323|319 | 31.7 | 31.3 | 31.0 | 30.7 | 30.3 | 29.9
7 7 0 7 7 0 3 7 3 7 7

8 |0.82488 32.2 1319|315 |31.3 |31.0|30.7|30.3|30.0|29.7|29.5|29.1
0 3 7 0 3 0 3 0 7 0 3

9 |0.88981 31.5|31.2 30.8|30.5|30.1|29.9|29.6|29.3|29.1|28.8|28.2
0 0 7 3 7 0 0 7 0 3 0

10 | 0.94783 30.6 [30.2 | 29.9 | 29.7 | 295 |129.2 | 289|285 |27.8|27.3 | 26.8
7 7 7 0 0 0 3 0 7 7 0

11 | 1.00000 29.9 129.6 |29.3 129.1|28.8|28.3|27.7|27.2|26.6|26.1|257
0 3 7 3 7 0 3 0 7 7 3

Table.5: Mole fraction of Acetonitrile in Toluene + Acetonitrile chemical mixtures and Output
power at various temperatures (fron?@Go 60C), when depth of immersion of-Ehaped glass
rod into chemical mixture 3cm.

Mole i
. Output Power(dBm) at various temperatures
S. | fraction P ( ) P
No Xf 1 |1 200 |25 300 |35 |40p |45 |50 |55 |60
: leceton't” c |c |c |c |c |c |c |c |c |c |c

1 | 0.00000 |45.2|44.8|44.4|440|43.6|43.2|42.8|425|42.0|41.8|414
3 7 7 7 3 7 7 7 3 0 0

2 |0.18321 |425|42.0|41.7|41.4|41.2|40.8|40.6 |40.2|39.7|39.4|39.0
0 3 3 7 3 7 0 7 7 3 3

3 |0.33541 |40.7 |40.3|40.0|39.6|39.2|38.9|385|38.1|37.6|37.1|36.7
3 7 0 3 7 0 0 7 7 7 7

4 |0.46386 |39.0|38.7|38.3|37.8|37.5|36.9|36.5|36.1|358|354|34.9
7 0 0 7 3 7 3 0 3 0 7

5 057372 |37.2|36.7|36.3|36.1|358|354|34.8 34.4 1340 33.7

o |o |o |o |7 |o |3 |347

35.9]35.6 351347345341 |33.8|33.4[33.1|328]325

6 |0.66874
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0 0 0 7 3 7 0 7 3 7 3

7 |0.75175 | 34.7|345|34.2|33.8|334|33.2(328|325|321|31.8|314
7 7 3 7 7 0 3 0 7 3 7

8 10.82488 |33.7|33.4|33.0|32.7|324|321|31.8|31.4|31.1|30.8|30.4
0 0 7 7 3 3 0 3 0 0 3

9 10.88981 |33.0|32.6|323|31.9|31.6|31.2|30.9|30.6|30.2|29.7|29.1
0 3 0 7 0 7 3 0 0 0 0

10 | 0.94783 |32.1|31.7|31.3|31.0|30.8|30.3|29.9|29.4|28.7|28.1|27.6
0 0 7 3 0 7 3 0 3 3 0

11 | 1.00000 |31.2|30.9|30.6|30.2|29.8|29.2|285|27.9|27.4|26.9|26.4
7 7 0 3 3 3 3 3 3 0 0

RESULTS AND DISCUSSION:

In the present experiment, a pair of two chemicals i.e. Toluene and Acetonitrile is chosen for the
calibration and development of the sensor. The liquids are taken in different proportions with an
incremental/ decremental volumes in steps of 2ml eachepape the mixtures and the mole
fraction of Acetonitrile in the mixture of Toluene + Acetonitrile were determined theoretically.
The mole fraction of presence of Acetonitrile in the mixture of Toluene + Acetonitrile,
significantly changes the refractive diex of the mixture and accordingly the graphical
representation between refractive index and mole fraction is presente?].[fig.
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Fig.2: Relation between Mole fraction of
Acetonitrile in Toluene + Acetonitrile mixtures
and Refractivendex.

In order to calibrate the sensor, a set of liquids having different indices of refraction ranging
from 1.31721p to 1.50915p at different temperatures, the mixtures are prepared ve ha
different concentration percentage of Acetonitrile in the mixture of Toluene and Acetoaitdle
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the dependence of refractive index of mixtures on the concentration percentage of Acetonitrile in
Toluene + Acetonitrile mixtures shown graphically [§].

Temperature(°C)

—=—10
—e—15
—a—20
—v»—25
—+—30
—+—35
——40
—e—45
—*— 50
—a— 55
—o—60

T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 80 100
Concentration (%) of Acetonitrile in Toluene + Acetonitrile mixtures

Fig.3: Relation between Concentration (%)
Acetonitrile in Toluene + Acetonitrile mixture
and Refractive index.

The variation of refractive index on temperature was determined with the help of automatic
digital refractometer of model number RX00i corresponding to each mixture and observed to
be linear with the temperature, and the results are plotted in grgp#]|[fi

e
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Fig.4: Relation between Temperature g
Refractive index of Toluene + Acetonitri
mixtures.

The relationships between the refractive index versus mole fraction of Acetonitrile, and
refractive index versus temperature of mixtures are presented in a 3dimentional graph for the
quick understating of the variable on the independent paraffigtes].
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Fig.5: Relation among Mole fraction ¢
Acetonitrile in Toluene + Acetonitrile mixture

Refractive index and Temperature.

A graph relating temperature dependence on refractive index and concentration percentage of
Acetonitrile dependence on refractive index are shown together in 3dimentional gragh [fig.
and variations are observed that, as the temperature increasefattieyeeindex decreases and

also as the concentration percentage of Acetonitrile in the mixture increases, the refractive index

decreases.

162
1.50
1.48

S
8 kg

efractive Index
= .
& 3

® 436

Fig.6: Relation among Concentration (%) of
Acetonitrile in Toluene + Acetonitrile mixtures,

Refractive index and Temperature.

Basically, the relationship between the increase in mole fraction of Acetonitrile in mixture
increases, the refractive index of the mixture decreases but from the relationship between

refractive index and output power revels that as refractive index afiraigecreases the output
power increases, which relationship was shown graphically for the depths of immersions of U

shaped glass rod into the mixtures as 1cm, 2cm and 3cm respectiveb@[fig.7

3320



European Journal of Molecular & Clinical Medir
ISSN 2518260 Volume 1, Issue 0, 202D

Depth of immersion: 1cm Depth of immersion: 2cm
Operating wavelength of the source: 660nm Operating wavelength of the source: 660nm
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Fig.7: Relation between Mole fracto of | Fig.8: Relation between Mole fraction
Acetonitrile in Toluene + Acetonitrile mixture Acetonitrile in Toluene + Acetonitrils
and Output power at depth of immersion is 1¢ mixtures and Output power at depth
immersion is 2cm.

Depth of immersion: 3cm
Operating wavelength of the source: 660nm
:;: ] T T T T T T T T T T ]
28 4 4 Temperature("C)
29 ]
-30 4 - —=—10
314 1 ——15
E 32 1 |——20
% j: : : —v—25
5 -35] ] ——30
E 2364 a —+—35
o 374 E ——40
5 38 2 —e—45
£ .39 o [eaiiag
0 o 1 |——55
427 ] —a— 60
-43 4 E
-44 b
-45 3
-46 T T T T T T T T T T T
01 00 01 02 03 04 05 06 07 08 09 1.0 1.1
Molefraction of Acetonitrile in Toluene+ Acetonitrile mixture
Fig.9: Relation between Mole fraction ¢
Acetonitrile in Toluene + Acetonitrile mixtures a
Output power at depth of immersion is 3cm.

It is well known that, as the temperature of the mixture increases, the refractive index decreases
but as the output power plends on refractive index, the increase in temperature results increase
in the output power [fig.1-Q2].
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The output power variation with respect to refractive index and related raise in temperature of
mixtures are presented in single unified 3dinmrdl graphs [fig.13L5]. It is observed that
refractive index of the mixtures decreases with temperatures resulting a sizable amount of
increases in the output power.
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Depth of immersion: 1cm
Operating wavelength of the source: 660nm

Fig.13: Relation between Refractive inde Fig.14: Relation between Refractive inde
Output Power and Temperature of Toluen( Output Power and Temperature of Toluen
Acetonitrile at depth of immersion is 1cm Acetonitrile at depth of immersion is 2cm

Fig.15: Relation between Refractive index, Outj
Power and Temperature of Toluene + Acetonitrilg
depth of immersion is 3cm

CONCLUSION:

The sensor is calibrated by employing mixtures of Toluene and Acetonitrile, taking in different
proportions making the total volume equivalent to 20ml and within the temperature range of
10°C to 60C at the operating wavelength of 660nm. As the lengtmtefraction of measurer

(light) with the measurand (liquid mixtures) increases, the sensitivity of the sensor is also
increases. This is confirmed by choosing different depth of immersions as 1cm, 2cm and 3cm.
This sensor offers all the advantages thatdadfered by optical fibers in communication and
proved to be accurate, rugged, robust, reliable and durable, offering the sensitivities in the order
of 10°. The sensorcan be usedto measureefractiveindex of variousliquids in the dynamic
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