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Abstract: Optical properties of the solutions comprising of two or more miscible liquids have been of 

immense interest both in the area of chemical and physical sciences. To date, there are reports on studies 

regarding different combinations of binary liquid mixtures. However, the experiments involved are 

either high-ended or using sophisticated instrumentation. Our prime objective is to set up a simple 

laboratory arrangement to estimate the refractive index of typical binary-liquid mixtures obtained by 

proportionate variations in combinations selecting from benzene, ethyl acetate, tetrahydrofuran, and 

water; without involving high-standard instrumentation or expensive laboratory setups. In the present 

study, we adopted a basic method to determine the refractive index of pure liquids of low polarity, like, 

benzene (C6H6) and tetrahydrofuran or THF (C4H8O) and of high polarities, such as ethyl acetate or 

EtOAc or EA (C4H8O2), and water (H2O) and also their binary homogeneous mixture with high 

accuracy. Our experimental data involving variation of refractive index with molar volume fraction 

matched very well with theoretical interpretations by Arago-Biot and Lorentz-Lorenz equation. In our 

results, density corrections have been neglected as we have chosen non-volatile solvents. 

Keywords: refractive index; binary-liquid mixtures; Arago-Biot equation; Lorentz-Lorenz equation; 

benzene (C6H6); tetrahydrofuran (C4H8O); ethyl acetate (C4H8O2); low cost experimental setup. 
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1. Introduction 

Optical, translational, molecular, structural, and other important physical properties of 

liquid solutions, such as vapor pressure, surface tension, viscosity, ultrasonic velocity, 

volumetric and acoustic properties alongside refractive index, have been seeking attention or 

attracted the attention of physicists, physical chemists, and experimental theoreologists 

primarily of both academic and practical interest[1-30]. In most cases, the physical properties 

of pure liquid or mixture of liquids, such as dielectric constant, polarizability, density, mole 

fraction (for mixtures), etc., have been explored through measurement of refractive index at a 

different variation of concentration and temperature. On the one hand, polarization in optically 

active solution involving solute-solvent combinations led us to determine the concentration and 
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percentage of solute in the solution using a polarimeter with required accessories. For this 

purpose, a simple kind of polarimeter setup can be used, which has opened up recent interest 

in this area. On the other hand, there has been constant effort to determine the refractive index 

of liquid solution to probe the properties of matter like dielectric permittivity, density, surface 

tension, and impurity in the liquid [31-35]. There are a host of refractometers with all types of 

advancement, but any experimental work that holds back is the laboratory setup space, cost 

factor, and procurement time. Considering these aspects, we adopted a basic and elementary 

method to estimate the refractive index of the solutions using the liquids easily available in an 

undergraduate and or high-school laboratory. After passing the incident laser beam through 

binary liquid mixtures, linear dispersion of refracted laser beam on a measurement scale was 

recorded. Such liquids were arbitrarily chosen considering their polarity, boiling point (b.p.), 

and miscibility of respective solvents poured in a hollow prism. Our study selected and used 4 

combinations, namely, Benzene-EA, Benzene-THF, THF-EA, Water-THF of binary solutions 

of commonly available four liquids. Interestingly, we could observe that the experimental data 

collected from our method matched very well to the theoretical data for a homogeneous binary 

mixture of water and THF in a modified range to a volume fraction of 20% of water in THF 

only. However, in the case of other binary combinations of THF and benzene, benzene and 

ethyl acetate, and ethyl acetate and THF, respectively, some inconsistencies with theoretical 

data have been observed. We applied our experimental result to Arago-Biot and Lorentz-

Lorenz theory to understand its practical credibility. It is noteworthy to mention here that we 

have been successful in correlating the experimental data with theory. Thus, we could correlate 

the deviation of experimental data very well with theoretical data with our results. In our study, 

the density correction for evaporation of the mixture has been neglected as we have selected 

solvents having a boiling point much higher than room temperature. 

2. Theory 

It is well known fundamentally that when a beam of light falls on a prism, it suffers a 

minimum deviation depending on the type of medium of the prism and eventually undergoes 

dispersion to give either band spectrum or line spectra which depends on the type of source 

used. Usually, the light source is made variable by selecting either white light or discharge light 

sources having more than one wavelength component. For this purpose, spectrometer 

arrangements having collimator, prism bench, and telescope are used. On the other hand, if a 

fixed source comprising a monochromatic coherent light beam is incident on a glass prism, 

then a study can be performed if the medium of the prism is made variable. Further, an 

experimental setup could be constructed such that the transparent medium of the prism can be 

made variable.  

In an attempt to vary the medium of an optical prism, a hollow glass prism having the 

shape and dimensions of a regular optical bench prism was fabricated locally [36]. The liquid 

optical medium, which was filled up in the prism, was selected from some commonly available 

chemical reagents, which were systematically mixed by varying their liquid composition by 

volume or molar fraction. In such an effort, a monochromatic light beam (Laser source) is made 

incident on the glass surface of the hollow optical prism surface (at point Q on MN surface, in 

Figure 1a) at an angle i’.  The light beam is made to enter into the glass prism container and 

pass through the liquid medium of the prism, which is kept parallel to the prism's base. The 

light beam then comes out from the NO surface and gets refracted from point R. The optical 

path (PQRS) is indicated by the arrow (in Figure 1a). The refracted angle is ‘i′’. In the absence 
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of prism or presence of a hollow prism, the incident ray (PQ) goes straight forward, i.e., follow 

the PQTV path. The refracted ray (RS), in the presence of prism filled with the liquid, gets 

deviated from direct ray (PQTV) [in the absence of liquid inside the prism] forms an angle δ, 

called deviation angle. When i = i′, then δ = δm, gives the minimum angle of deviation. The 

refractive index of the materials of the prism is μ, defined at minimum deviation condition of 

the refracted light by equation by equation (1) 

μ =
sin (

𝛗+𝜹𝐦

2
)

sin (
𝛗

2
)

………(1) 

Where   𝜹𝐦 = tan−1 (
𝐕𝐒

𝐕𝐓
)………(2) 

and φ is the angle of the prism. 

The refractive index of a medium correlates well with the polarization of its molecules 

by the electromagnetic field of light [34]. For liquid mixtures, a number of mixing rules for the 

refractive index (μ) of a mixture in terms of the individual refractive indices (μj) of the pure 

components have been proposed. Amongst the liquid mixture rules, the simplest is a direct 

volume fraction average of the refractive index of each component (μj), known as the 

Arago−Biot (A-B) equation (3) [34, 37] 

𝜇 = ∑𝑌𝑗𝜇𝑗

𝑛

𝑗=1

…  …  …   (3) 

Where the nominal volume fraction Yj = Vj / ΣjVj, with Vj denoting the volume of the jth 

component before mixing. Instead of the refractive index itself, the Newton equation (4) [34] 

takes the average of μj
2 

𝜇2 = ∑ 𝑌𝑗𝜇𝑗
2

𝑛

𝑗=1

 𝑤ℎ𝑒𝑟𝑒,𝑌𝑗 =
𝑋𝑗𝑉𝑗

∑ 𝑋𝑗𝑉𝑗
𝑛
𝑗=1

   …  …  …   (4) 

Further, Wiener, Heller, Gladstone-Dale (G-D), Lorentz−Lorenz (L-L), and few others 

proposed different equations for many possible binary liquid mixtures. However, amongst 

them, the most systematic mixing rule is the Lorentz−Lorenz equation [34]. The L-L equation 

is fundamentally based on an argument that led to the Clausius − Mossotti equation for the 

dielectric constant of polarizable molecules, which assumes ideal mixing of the polarizability. 

The Lorentz−Lorenz (L-L) equation (5) reads  

𝜇2 − 1

𝜇2 + 2
= ∑𝑌𝑗

𝜇𝑗
2 − 1

𝜇𝑗
2 + 2

𝑛

𝑗=1

  …  …  …   (5) 

Where Yj = volume fraction of liquid used in mixture, Xj = mole fraction and Vj = molar volume 

of component j, j = 2 for binary mixture and j = 3 for ternary mixture.  

The parameters were experimentally measured and calculated to obtain the value of the 

refractive index (μ) of the single or mixture liquid. 

https://doi.org/10.33263/BRIAC123.37623779
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC123.37623779  

https://biointerfaceresearch.com/ 3765 

 

 

 

 

 

 

 

 

 

Figure 1.Schematic diagram of (a) Optical path of the incident light, transmitted and refracted light passing 

through a prism, and (b) Experimental setup for our study. 

3. Materials and Methods 

3.1. Chemicals. 

Ethyl acetate (EA) (C4H8O2) [Extra Pure, M.W. of 88.11 g.mole-1, density (at 20⁰C) of 

0.90 g.cm-3, Mfg-SPL, India]; Benzene (C6H6) [Purity G.C.≥ 99%, M.W. of 78.11 g.mole-1, 

density (at 20⁰C) of 0.878 g.cm-3, Mfg-Merck SPL, India] and Tetrahydrofuran (THF) (C4H8O) 

[Purity G.C.≥ 99%, M. W. of 72.11 g.mol-1, density (at 20⁰C) of 0.889 g.cm-3, Mfg-Merck 

SPL, India] were used to prepare binary liquid mixtures. 

3.2. Measurements. 

3.2.1. The apparatus used for the present experimentation – Simple and Low-Cost Laboratory 

Setup. 

The main components constituting our experimental setup were the following - a 

thermometer of the range (0 to 200 ⁰C), a hollow glass prism of dimension 6.35 cm made from 

a glass sheet of thickness ~ 2.75 mm and the angle of the prism, φ = 60⁰, with a glass made lid 

of same thickness having a very small sized hole in the center, a laser source (wavelength of 

632 nm), measuring cylinder (for measurement of the volume of liquids), regular meter scale, 

normal stand and clamp arrangement, graph paper fitted on the laboratory wall (screen), and 

glass rod as a stirrer. The separation between prism and screen was L(about 465 cm). The laser 

source was positioned at about 6 cm apart from the prism. The prism was fabricated such that 

a maximum volume of about 160 ml could be accommodated. 

3.2.2. Method adopted for determination of Refractive Index. 

We used the accessories available in any common undergraduate laboratory and 

employed some of the simplest methods of measurement to determine the refractive indices of 

liquid mixtures; viz, namely using (i) a Plane mirror and a convex lens, (ii) Rectangular hollow 

block, (iii) Hollow prism. 
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In this study, a hollow prism was fabricated to measure the refractive indices of binary 

liquid mixtures. We employed the method where the refractive index of the water liquid 

mixture has been determined by illuminating a hollow prism by filling in a different molar ratio 

in terms of volume fraction(v%). For this purpose, a laser ray of wavelength 632 nm was made 

incident on our fabricated prism, and a simple arrangement was made to measure the minimum 

deviation angle (δm) of a laser beam. When the prism, with angle φ is placed at minimum 

deviation position, the refractive index (μ) was obtained using the equation (1). We can obtain 

the expression for minimum deviation angle (δm); equation (6) as (from Figure 1b), 

𝜹𝒎 = tan−1  
𝒍

𝑳
 =  tan−1 (

𝒍𝟎 ∓  𝒙

𝑳
)………   (6) 

Here, L is the distance between the screen and the prism, l0 is the linear deflection of 

the laser spot on the screen. Next, l can be found by either subtracting and or adding x from l0, 

where l0 is the distance between the starting point of the scale and the position of the un-

deviated laser spot. The position of the laser spot on the scale-graph position is designated by 

‘x’. 

 

Figure 2. Photograph showing the actual experimental arrangement to measure the parameters and calculate the 

value of the refractive index (μ) as a function of the minimum angle of deviation using a laser source of the single 

or liquid mixture. 

4. Results and Discussion 

At the very outset of this article, we have chosen four solvents viz. benzene and THF 

as non-polar and moderately polar solvent along with water and ethyl acetate (EA) as polar 

solvent. All liquids are colorless and have higher than room temperature boiling-point (b.p) 

temperatures,  e.g., b.p. of benzene, THF, water and ethyl acetate (EA) are 80.1 ºC, 66.0 ºC, 

100.0 ºC, 77.1 ºC; respectively,[38] which was needed and formed the basis for our experiment. 

We all know one of the most popular phrases in solvent chemistry “like dissolves like”. This 

is mainly applicable to solutes along with their suitable solvent for complete dissolution, but it 

can also be applied in case of solvent miscibility. [39, 40] Solvent miscibility or solute 

dissolution depends on van der Waals force of attraction [41-61] between non-polar entities 

and dipole-dipole interaction [62-73] between polar entities. H-bonding [62, 74-77] is the 

strongest dipolar interaction among weak chemical forces of attraction and in the case of polar 

molecules having high electronegative atoms like fluorine, oxygen, and nitrogen. On the other 
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hand, theoretical perspectives London force [63, 55-61, 78-86] operates between two non-polar 

molecules maintaining an optimum distance amongst them. London force is nothing but a kind 

of van der Waals force of attraction generated by inducing dipole on a non-polar molecule by 

another adjacent non-polar molecule having instantaneous dipole that would be created in it in 

terms of disturbance in symmetry of electrical charge into the molecule. It is noteworthy to 

mention here that London force is applicable in very short-range distances, inversely 

proportional to the seventh power of internuclear distance of two molecules at close proximity. 

[58-61]This force is a low energetic phenomenon. It is true that the momentary dipoles and 

induced dipoles change continuously to maintain the neutral state. However, the attractive force 

so generated constantly binds the molecules together. London force or van der Waals force of 

attraction increases with an increase in Molecular Weight [M. W.] and surface area of a non-

polar substance; but whenever the distance between two molecules becomes less than van der 

Waals radii, they repulse each other, and it is known as van der Waals repulsion. The dipole-

dipole interaction and London force are ~ 8 kJ.mol-1 and ~ 4 kJ.mol-1[61]; respectively. Polarity 

depends on structure and bond dipole moments which are directly related to the 

electronegativity difference between two atoms attached through that bond. Benzene has a  

planar hexagonal symmetrical structure, and all bonds are between two carbon atoms (sp2 

hybridized); so that there is no bond moment in any bond, and that’s why benzene has no 

resultant dipole moment. So, it has zero molecular dipole moment and is treated as a non-polar 

liquid. THF has a pentagonal alicyclic structure, and one oxygen atom is incorporated in the 

saturated five-membered ring system having two C-O bonds and eight C-H bonds. Hence, it 

has some bond moments for C-O bonds and C-H bonds. THF shows an overall dipole moment 

of 1.63 D. Water has a bent structure with two O-H bonds having a high bond dipole moment 

due to the large electronegativity difference between the two elements. For bent structure, the 

bond moments do not cancel out each other mutually; rather exerts a high molecular dipole 

moment value of 1.85 D due to the resultant vector sum of two bond moments. Ethyl acetate 

has a zigzag structure as it is an aliphatic compound comprising three sp3 carbons and one sp2 

carbon with two oxygen atoms. In the structure of ethyl acetate, a C=O, two C-O and eight C-

H bonds contribute individual bond moment value to overall dipole moment value of 1.78 D. 

Experimentally established refractive index data for benzene, THF, water and Ethyl acetate are 

1.50, 1.41, 1.33, and 1.37 at 20 ºC. 

In our present interest, as benzene is immiscible in water due to the huge polarity 

difference, this combination for binary mixture is not considered. However, benzene is miscible 

with THF and EA by inducing dipole-dipole interaction between a non-polar and a polar liquid. 

THF gets miscible into the water through H-bonding. THF and Ethyl Acetate, both being polar 

aprotic liquids, are miscible through simple dipole-dipole interaction. In addition, Ethyl 

Acetate and water binary mixture become too turbid, and so, that was not considered suitable 

for our experiment. We, therefore, selected the other four binary combinations from these four 

liquids for our purpose, viz., (i) Benzene and Ethyl Acetate; (ii) Benzene and THF; (iii) Water 

and THF; (iv) THF and Ethyl Acetate. On the basis of the miscibility and solubility factors of 

benzene, ethyl acetate, and THF we selected the binary liquid mixtures accordingly; to conduct 

our optical experiments [86-90]. 

Table 1. Structure and related properties of benzene, THF, water and ethyl acetate [38, 91, 92]. 
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Structure 

(in 3D ball-stick) 

    

Structure (in 2D)With the 

direction of molecular dipole 

moment 

 
 

  

 

 

Formula C6H6 C4H8O H2O C4H8O2 

M. W. [g.mol-1] 78.11 72.11 18.02 88.11 

Dipole Moment 0 D 1.63 D 1.85 D 1.78 D 

Relative Polarity 0.111 0.207 1.000 0.228 

Water solubility(% w/w) 0.18 30 N. A. 8.7 

Boiling Point (ºC) 80.1 66.0 100.0 77.0 

Dielectric Const. [ε] 2.28 7.52 78.54 6.00 

Refractive Index 1.501 1.407 1.332 1.372 

Latent Heat of vapourization 

[kJ.mol-1] 

30.72 29.60 40.80 31.94 

Dipole-Dipole Interaction Negligible Moderately Low High Moderately High 

H-bonding No Yes Yes Yes 

London force Yes Yes No No 

 

The interesting point of our study is concerning the nature of variation of Δμ for (THF 

+ water) with volume fraction of water which is in analogy with a variation of Δμ for other 

binary liquid mixture combinations involving benzene, EA, and THF.  Moreover, variations 

observed in our case for benzene, EA, and THF agree with variations of refractive index as a 

function of the mole fraction of acetonitrile in a binary mixture of water and acetonitrile without 

salt [34]. 

Dubey et al. (2005) reported a detailed study of the refractive index of ternary liquid 

mixtures involving – Squalane, Cyclohexane, hexane, and benzene using Abbe Refractometer 

at different temperature settings [35]. They categorically reported a good theoretical - 

experimental matching of data using A-B and L-L relations. Further, they concluded that L-L 

and A-B were accepted as the best theoretical mixing rules behaving in a simple quantitative 

manner and performed well within the experimental error limits. This simply means that our 

experimental data's good match and fitting to A-B and L-L theoretical relations are in 

coherence and well accepted. 

It is evident from Figure 3, that the selection of the laser (wavelength of 632 nm) used 

in our experiment resulted in a linear relation between refractive index and minimum angle of 

deviation. This indicates an application to calibration for selecting binary liquid mixture 

medium offering required variation in refractive index as a function of the minimum angle of 

deviation. 

In Figure 4, a binary liquid mixture of benzene (B) and Ethyl Acetate (EA) was 

considered for variation of refractive index (μ) versus volume fraction of EA (YEA). The figure 

shows that as the volume fraction of EA increases from 0.0 (pure benzene) to 0.6 the estimated 

refractive index decreased exponentially from 1.47 to almost 1.40. This implies clearly that the 
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optical density of the binary liquid mixture decreased accordingly. Moreover, the calculated 

values of refractive indices from both A-B and L-L relation supported the decrease in the 

refractive index; but the decrease was rather linear. Figure 5 refers to the variation ofΔμ (= μexp 

– μtheo) as a function of volume fraction of EA. In this figure, the Δμ or difference in refractive 

index obtained from experimental (μexp) and theoretical (μtheo) values attains a maximum value 

of 0.025 at about a value of 0.125 of YEA. Figure 6, indicated a difference of Δμ of magnitude 

0.075 with the addition of about 60% EA, without molar calculations. 

 
Figure 3.Variation of minimum deviation angle (δm in degree or º) with refractive index (μ) of binary liquid 

mixture selected from benzene, ethyl acetate (EA), THF, and Water. 

 
Figure 4. Refractive index (μ) of benzene and its mixture with different volume mole fractions of EA (ethyl 

acetate) up to 60%. 
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Figure 5. Deviation of refractive indices of experimental data from theoretical data for different mole fractions of 

EA (ethyl acetate) with benzene. 

In Figure 7, a binary liquid mixture of benzene (Ben) and Tetrahydrofuran (THF) was 

considered for variation of refractive index (μ) versus volume mole fraction of Benzene (YBen). 

At the beginning, i.e., for pure THF the value of the refractive index was 1.385, which increased 

almost linearly to a value of 1.46 for the binary liquid mixture of THF and Benzene. In both 

cases, A-B and L-L, the theoretical values of the refractive index increased linearly with an 

increase in benzene content in the liquid mixture. A slight deviation in the variation of μ ≈ 0.02 

was observed at YBen of 0.1. Figure 8, depicted a perfect match between experimental data and 

theoretical (A-B) and (L-L) values. At YBen of 0.15 the maximum value of Δμ is about 0.015. 

Further, for higher values of YBen a mono-atomic decrease of Δμis observed. Figure 9, shows 

almost a linear increase of refractive index from 1.385 (for pure THF) to 1.455 (for the binary 

liquid mixture of benzene and THF) which was at YBen = 0.7. 

 
Figure 6. Refractive index (μ) of benzene and its mixture with different volume fractions (without mole 

calculation) of ethyl acetate (EA) upto 60%. 
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Figure 7. Refractive index (μ) of THF and its mixture with different volume mole fractions of benzene above 

90%. 

 
Figure 8. Deviation of refractive indices of experimental data from theoretical data for different mole fractions of 

benzene with THF. 

 
Figure 9. Refractive index (μ) of THF and its mixture with different volume fractions (without mole calculation) 

of benzene above 90%. 
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In Figure 10, a binary liquid mixture of ethyl acetate (EA) and Tetrahydrofuran (THF) 

was considered where the value of the refractive index increased from 1.355 (for pure EA) to 

1.38 (for the binary mixture EA + THF) as YTHF increased from 0.0 to a value of 0.85. Figure 

11, shows a variation of Δμ versus mole fraction of THF, which is very similar to a binary 

liquid mixture of (Ben + THF) for both experimental and theoretical values (A-B and (L-L) of 

refractive index. In this figure, the maximum value of Δμ is 0.004 at YTHF value of 0.1. Further, 

the value of Δμ decreased as YTHF attained a value of 0.5.  

 

 
Figure 10. Refractive index (μ) of THF and its mixture with different volume mole fraction of ethyl acetate up to 

80%. 

 
Figure 11. Deviation of refractive indices of experimental data from theoretical data for different mole fractions 

of THF with ethyl acetate. 
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Figure 12. Refractive index (μ) of THF and its mixture with different volume fractions (without mole calculation) 

of ethyl acetate up to 60%. 

Figure 13, refers to a binary liquid mixture of THF with water. In this figure, the 

refractive index of pure THF (μ = 1.385) decreased almost linearly to 1.335 (pure water) as 

THF got subsequently and sufficiently diluted with water. Further, in Figure 14, a maximum 

value of Δμ for this binary liquid mixture, of (THF + water), attained a value of 0.015 as the 

volume fraction of water (Ywater) increased to a value of about 0.8. Moreover, all the 

experimental data for the binary liquid mixture was in total agreed with A-B and L-L calculated 

values. 

 
Figure 13. Refractive index (μ) of THF and its mixture with different volume mole fractions of water up to 98%. 
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Figure 14. Deviation of refractive indices of experimental data from theoretical data for different mole fractions 

of THF with Water. 

This section may be divided into subheadings. It should provide a concise and precise 

description of the experimental results, their interpretation, and the experimental conclusions 

that can be drawn. 

4. Conclusions 

We could set up a very basic and simple experimental arrangement using very common 

– low-cost laboratory components. Using this facility, we systematically measured the 

refractive index of uniform binary liquid mixtures, like, benzene, ethyl acetate, THF, and water 

with very high accuracy. Our selection of the binary liquid mixtures involving benzene, EA, 

THF, and water were based on their miscibility and solubility factors. The nature of variation 

of Δμ for (THF + water) with volume fraction of water is observed analogous to the variation 

observed for Δμ as a function of volume fraction for other binary liquid mixture combinations 

involving benzene, EA, and THF. The experimental data fit well with the theoretical data in 

the lower range (volume mole fraction of 20% of water with THF) only for a uniform binary 

mixture of water and THF but differed for other binary mixtures, like (THF and benzene) 

(benzene and ethyl acetate) and (ethyl acetate and THF). The deviation of experimental 

data/curve (μ vs. molar volume fraction) from theoretical data/curve (Arago−Biot and 

Lorentz−Lorenz equation) has been observed is in good agreement with our results. The linear 

relation observed for the refractive index as a function of minimum deviation appears to be a 

promising calibration factor. To our delight, by sharing, that we have been successful at our 

very first attempt with this setup. Further, we very much hope that this experiment will open 

up many routes of modern research concerning the study of different inherent properties of 

solo, binary or ternary liquid mixture employing an economical and basic laboratory setup. 
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