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ABSTRACT: Wide range of sensors are in use to determine the refractive index of various liquids across the world using 

electronic, mechanical, optical and magnetic mechanisms. In the present paper, a simple miniaturized optical fiber sensor 

based on a U-shaped glass rod as a sensing element to study the refractive index of various liquids either dark or transparent in 

the temperature range of 10oC to 60oC using a combination of binary liquids of Benzene and tert-Butanolhas been described. 

The sensor is designed by connecting the optical laser source of 660nm and an optical detector of benchmark make using two 

plastic-clad silica fibers of equal dimensions of 200/230μm creating a sensing zone by jointing U-shaped glass rod of specific 

dimensions at the middle of the two fibers. Immersing the glass rod into the binary mixture the light injected from the source is 

observed at the detector end and forming the relationship between the concentration of liquid mixtures at various 

temperatures and output power reaching the detector, a calibrated curve has been plotted, which can be used to determine 

the refractive index of liquids in the range of 1.36312nD to 1.51215nD. 
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INTRODUCTION 

Refractive index study of liquids is required to be undertaken in a wide range of fields and industries 

such as beverages, pharmaceuticals, food productions, chemicals, fragrant, medical and other important 

areas in day-to-day life. Several methods are in use in the determination of the refractive index of liquids 

at various temperatures. The properties of liquids and their behaviors can be determined mainly with 

the help of studying a single characteristic parameter i.e. refractive index. The present sensor which 

uses optical fibers as the conduit of the transmission of light, offers many advantages compared with 

the mechanical, electronic, and magnetic, etc., sensors. 
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The first optical fiber which works based on the guidance of light was developed by K.C.Kao and Hock 

Ham in the year 1966 was revolutionized the telecommunication industry initially. But in the 

beginning,the losses offered by the optical fibers are incomparable to the copper communication 

systems which are already in use by then. The struggle of the scientific community during the 1970s to 

reduce the losses in optical fiber led to the development of fiber optic sensing systems and devices [1-5]. 

The inherent characteristics of optical fibers i.e. enhanced sensitivity over the existing sensors; 

construction versatility and remarkable compatibility with optical fiber technology in 

telecommunications make them superior in major sensing applications [6-9]. Sensors based on optical 

fibers are of low cost due to the abundant availability of raw material, their robustness, small size, 

flexibility in handling, the ability of remote monitoring, multiplexing make them efficient solutions in 

several industrial applications [10-16]. The other advantages of optical fiber sensors make them be 

implemented in unfavorable environmental situations such as high voltages, noise, fields with strong 

electromagnets, in an explosive environment, presence of nuclear radiation fields, chemically corrosive 

environments, and even at greater temperature values among others [17-21]. The selection of material 

for the cladding and core imposes certain restrictions in the development of fiber optic sensing 

technology [22-27]. The other limitations of use of fiber optic sensors are the inherent losses; non-

linearity, birefringence and dispersion are among others in the progress of their applications in various 

sectors [28, 29]. The fiber optic photonic crystal sensors which were introduced in 1996 offered many 

advantages having the possibility of guidance of light through hollow core makes them showing new 

perspectives in fiber lasers, non-linear optical fibers, generation of super-continuum fiber sensors and 

particle guidance [30, 31]. 

The present paper discusses the qualitative treatment of the fiber optic refractive index sensor 

operating at a range of temperatures spreading from 10oC to 60oC using PCS fibers and a uniform U-

shaped glass rod. By generating a calibrated curve relating power output with the concentration of 

liquids at various temperatures which in turn related to refractive index using binary liquids, the sensor 

is intended to sense the refractive index of various liquids either dark or transparent operating with high 

sensitivity. 

EXPERIMENTAL DETAILS 

The block diagram of the experimental setup consists of the following components 

               Light source: Laser light source of 660nm 

Power meter: Benchmark optical power meter compatible withthe light source 
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Optical fiber: Plastic clad silica optical fibers of 200/230μm 

Connectors: SMA 905 connectors 

Chemicals: Benzene and tert-Butanol 

Burette system: a couple of burettes fixed to stands vertically 

Refractometer: Automatic digital refractometer (RX-7000i) 

 

Fig.-1: Automatic digital refractometer of model number RX-7000i 

 

U-shaped glass rod of specific dimensions: 

The thickness of rod: 0.5mm 

 

Total height of the glass rod(H): 40mm 

Depth of the glass rod 

immersed in liquid(h): 

10mm, 20mm, 

30mm 

Width between two prongs(Z): 5mm 

The radius of the Curvature(X): 2.5mm 

Depth of the Curvature(Y): 2.5mm 

The total length of the glass rod 

immersed in liquid: 

27.86mm, 

47.86mm,  

67.86mm 

Fig-2: Geometrical parameters of U-shaped glass rod 
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The sensor is designed by creating a sensing zone using a uniform U-shaped solid glass rod at the middle 

of the fiber which in turn is connected toa laser light source of 660nm wavelength on one side and a 

benchmark optical detector on the other side. A set of chemical mixtures with the combination of two 

liquids Benzene and tert-Butanol were prepared in equal proportions employing a two burette setup. 

The binary mixtures are prepared by taking different ratios and making the total volume equal to 20ml. 

Part-I: Depth of immersion of U-shaped glass rod into the liquid mixture as 1cm: In the first part of the 

experimentation the light is injected into the first fiber reaching the detector through the second fiber 

via the glass rod which is surrounded by a specific ratio of the binary mixture was recorded at 10oC 

initially. The method of recording the output power was repeated by surrounding various binary 

mixtures around the U-shaped glass rod at 10oC. By raising the temperature of the liquid surrounding 

the U-shaped glass rod in step of 5oC each time, the output power reaching the detector for the 

temperatures up to 60oC was recorded and tabulated by fixing the depth of immersion as 1cm. 

Part-II: Depth of immersion of U-shaped glass rod into the liquid mixture as 2cm: To enhance the 

study, the experimental work has been undertaken by increasing the depth of immersion of glass rod 

into the binary liquid mixture was increased to 2cm. By increasing the depth of immersion of the glass 

rod into the liquid, the interaction length between the light travelling through the glass rod and the 

liquid cladding that surrounds the glass rod will be increased, thereby the sensitivity of the sensor is 

increased since the sensitivity increases with an increase in length of interaction. 

 Part-III: Depth of immersion of U-shaped glass rod into the liquid mixture as 3cm: The depth of 

immersion of U-shaped glass rod into the binary liquid mixture was further increased to 3 cm in order to 

enhance the sensitivity of the sensor. 

Part-IV: Determination of Refractive index: In the fourth part of the experimentation the refractive 

index values of each binary mixture were determined at various temperatures from 10oC to 60oC 

employing an Automatic digital refractometer which operates with an inbuilt sodium lamp. 

RESULTS AND DISCUSSION 

The mole fractions corresponding to every mixture with different ratio was calculated theoretically using 

the formula. 

Mole Fraction (X1) =  
Number of moles of substance−1

Total number of moles
 

Mole Fraction (X1) =  
Number of moles of substance−1

Number of moles of substance−1+Number of moles of substance−2
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Number of moles = 
Mass of substance

Mass of one−mole substance
 

Number of moles = 
Volume ×Density 

Molar mass
 

X1 = V1(ρ1/M1) 

∴ Mole Fraction (X1) =  
V1(ρ1/M1)

V1(ρ1/M1)+V2(ρ2/M2)
 

Where: M1, M2: Molecular weights of chemicals (kg.mole-1) 

ρ1, ρ2: Densities of chemicals (kg.m-3) 

V1, V2: Volumes of chemicals (liters) 

The mole fractions of all the binary mixtures have been calculated and tabulated. From the data of mole 

fractions and refractive indices of all the mixtures at various temperatures (10oC – 60oC) a graph was 

plotted [fig.-3]. 

 

Fig.3: Relation between Mole fraction of tert-Butanol in 

Benzene + tert-Butanol mixture and Refractive index. 

 

From the graph [fig.-3] it is observed that, as the mole fraction of tert-Butanol in Benzene+tert-Butanol 

mixture increases, the refractive index decreases, which trend was observed at all the temperatures 

ranging from 10oC to 60oC. 
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The concentrations percentage of tert-Butanol in the binary mixtures of Benzene and tert-Butanol were 

calculated for all the mixtures and the values are tabulated. Now, from the data of concentrations 

percentage and refractive indices at various temperatures a graph was plotted [fig.-4]. 

 

 

Fig.4: Relation between Concentration (%) of tert-Butanol 

in Benzene + tert-Butanol mixture and Refractive index. 

The variation of refractive index with increasing the concentration percentage of tert-Butanol in 

Benzene+tert-Butanol mixture shows that the refractive index decreases as concentration increases at 

all the temperatures. 

By considering the various temperatures and corresponding refractive indices values of all the binary 

mixtures a graph is plotted [fig.-5]. 
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Fig.5: Relation between Temperature and Refractive index 

of Benzene + tert-Butanol mixtures. 

From graph [fig.-5] it is observed that as the temperature of liquid mixtures increases the refractive 

index of the binary mixture decreases. 

To show the mutual dependence of mole fractions, refractive index and temperature a 3dimentional 

(3D) [fig.-6] graph is plotted to take each parameter along a different axis. 

 

Fig.6: Relation between Mole fraction of tert-Butanol in 

Benzene + tert-Butanol mixture, Refractive index and 
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Temperature. 

To compare the sensitivities of the sensor, separate graphs are plotted [fig.7-9] between output powers 

versus mole fraction of tert-Butanol in binary mixtures corresponding to each depth of immersion (1cm, 

2cm, 3cm) of the U-shaped glass rod into liquid mixture at different temperatures. 

 

Fig.7: Relation between Mole fraction of tert-Butanol in 

Benzene + tert-Butanol mixture and Output power at depth 

of immersion is 1cm. 
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Fig.8: Relation between Mole fraction of tert-Butanol in 

Benzene + tert-Butanol mixture and Output power at 

depth of immersion is 2cm. 

 

 

Fig.9: Relation between Mole fraction of tert-Butanol in 

Benzene + tert-Butanol mixture and Output power at 

depth of immersion is 3cm. 
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To study the variation of output power with respect to temperature, graphs are plotted [fig-10-12] 

between temperature and output power corresponding to each depth of immersion of glass rod into 

Benzene+tert-Butanol mixtures. 

 

 

Fig.10: Relation between Temperature and Output 

power of Benzene + tert-Butanol mixture at depth of 

immersion is 1cm 
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Fig.11: Relation between Temperature and Output 

power of Benzene + tert-Butanol mixture at depth of 

immersion is 2cm 

 

 

Fig.12: Relation between Temperature and Output 

power of Benzene + tert-Butanol mixture at depth of 

immersion is 3cm 

The curve shows that as the temperature increases, the output power also increases irrespective of the 

depth of immersions. 3dimentional (3D) graphs are plotted [fig.13-15] relating refractive index, 

temperature and output power at different depths of immersions. 
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Fig.13: Relation between Refractive index, Output Power and 

Temperature of Benzene + tert-Butanol at depth of 

immersion is 1cm 

 

 

Fig.14: Relation between Refractive index, Output Power 

and Temperature of Benzene + tert-Butanol at depth of 

immersion is 2cm 
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Fig.15: Relation between Refractive index, Output Power and 

Temperature of Benzene + tert-Butanol at depth of 

immersion is 3cm 

 

CONCLUSION 

The present work is undertaken to study the refractive index of liquids either dark or transparent at 

different temperatures using the binary mixtures of Benzene and tert-Butanol. The calibrated graphs are 

plotted between refractive index and output power at various temperatures using a semiconductor laser 

diode light source of 660nm maintaining the depth of immersion of the glass rod into the liquid mixture 

as 1cm. By studying the sensitivities through the trend of the curves at different depths of immersions, it 

is concluded that as the depth of immersion increases, the sensitivity of the sensor increases. Hence, 

from the present work, it can be concluded that the sensor with a 3cm depth of immersion of the glass 

rod into the liquid mixture offers the highest sensitivity in the determination of refractive indices of 

liquids either dark or transparent. 
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