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Abstract 

 

For a variety of scientific and industrial 

purposes, it is crucial to accurately determine 

the refractive index of liquid mixtures. In this 

study, theoretical modelling is used to forecast 

the refractive index behaviour of binary liquid 

mixes containing acetophenone and certain 

acetates. The refractive index is a crucial 

optical characteristic with many uses in 

medications, colognes, solvents, and coatings. 

This research gives important insights into the 

molecular interactions and intermolecular 

forces influencing the optical characteristics of 

these liquid mixes through a thorough 

examination of pertinent literature and 

computer techniques. The results emphasise 

the importance of theoretical modelling in 

understanding binary liquid mixture behaviour 

and its possible applications. 

 

Keywords: Liquid Mixtures, Mixing Rules, 

Refractive Index. 

 

Authors 

 

Ankit Kumar Chauhan 

Department of Physics 

Integral University 

Dasauli, Kursi Road, Lucknow, Uttar 

Pradesh, India  

 

Tahira Khatoon 

Department of Physics 

Integral University 

Dasauli, Kursi Road, Lucknow, Uttar 

Pradesh, India  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Futuristic Trends in Electronics & Instrumentation Engineering 

e-ISBN: 978-93-6252-491-1 

IIP Series, Volume 3, Book1, Part 6, Chapter 1 

ESTIMATING THE REFRACTIVE INDEX OF BINARY LIQUID MIXTURES FOR TUNEABLE OPTICAL 

PROPERTIES: A THEORETICAL INVESTIGATION OF ACETOPHENONE WITH SELECTED ACETATES 

 

Copyright © 2024 Authors                                                                                                                      Page | 246 

I. INTRODUCTION 

 

Refractive index, a fundamental optical property, plays a pivotal role in understanding 

the behaviour of light as it interacts with matter. The accurate determination of refractive 

index in liquid mixtures is of paramount importance in various scientific and industrial 

applications, such as pharmaceuticals, food processing, and chemical engineering. By 

studying the refractive index of liquid mixtures, researchers gain valuable insights into 

molecular interactions, solution behaviour, and composition changes. Binary liquid mixtures, 

comprised of two components, exhibit complex behaviour due to their diverse chemical 

compositions. Understanding the refractive index behaviour in binary liquid mixtures is 

crucial to comprehend their physicochemical properties and potential applications. 

Acetophenone, a colourless liquid, is widely utilized in the synthesis of pharmaceuticals, 

dyes, and perfumes, while acetates, a class of organic compounds, find applications in 

solvents and coatings. In recent years, theoretical approaches have emerged as powerful tools 

for predicting the refractive index of liquid mixtures with reasonable accuracy, offering 

insights that complement experimental data. Theoretical estimation allows researchers to 

explore a wide range of compositions and temperatures, providing a cost-effective and time-

efficient alternative to experimental measurements. 

 

Many researchers have made an effort to predict the thermophysical characteristics of 

liquid mixes from their pure constituents. Dnyaneshwar S Wankhede measured the refractive 

indices(n), molar volume (Vm) and molar refraction(R) of the binary mixtures of propylene 

carbonate with tetrahydrofuran, 1,4-dioxane, acetylacetone and acetone at 298.15K, 303.15K 

and 308.15K. These values were used to measure the excess refractive indices(Δn) and excess 

molar refraction(ΔR) of these binary liquid mixtures[1]. At a temperature of 298.15 K, 

Maharolkar et al. studied the density, refractive index, viscosity, and dielectric constant of the 

binary liquid mixture of allyl chloride and n-butanol. The excess molar volume, excess 

permittivity, excess refractive index, excess viscosity, excess molar refraction, excess molar 

polarisation, and Dunsten's constant were all calculated using these values. These parameters' 

changes with composition and the impact of bonding in binary mixtures were discussed. In 

addition, they noted that the breaking of H-bonded related species produced between 

dissimilar molecules at 298 K is what causes the positive value of excess molar volume.[2]. 

Meenachi et.al. theoretically predicted the refractive index(n) of phenol with hydrocarbons at 

303K.  Anil Kumar K. et al. measured the reafractive indices(n) of the binary liquid mixture 

of 1,4-dioxane and 1-butanol at five different temperatures. The measurement was used to 

compute the values of excess refractive indices of this binary liquid mixture and related 

coefficients were calculated by using Redlich Kister polynomial equation[3].At atmospheric 

pressure, Emila M. Zivkovic et al. evaluated the refractive indices, densities, and viscosities 

of binary liquid solutions containing ethyl methyl ketone in the temperature range of 288.15K 

to 333.15K. Excess molar volumes, viscosity variances, and refractive index deviations were 

calculated using these measurements. Redlich-Kister equation was fitted to the calculated 

data.[4].  At a temperature of 298.15K, I.Y. Jeong et al. evaluated the densities and refractive 

indices of mixes of dimethyl carbonate, anisole, methanol, phenol, and water. The excess 

molar volumes and molar refractivity of these combinations were calculated using these 

measurements. In order to separate the reaction intermediates produced during the synthesis 

of non-phosgene diphenyl carbonate, they also evaluated the phase equilibria and mixture 

characteristics. The intermediates were based on anisole, phenol, and dimethyl carbonate. 

Additionally, they analytically established ternary liquid-liquid equilibria for the mixtures 
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(water + DMC + anisole) at 313.15K, (water + methanol + anisole) at 308.15K, and (water + 

methanol + phenol) at 328.15K, all at atmospheric pressure and constant temperature[5]. At 

295.5 K, Khan et al. studied the electronic polarisation, density, and refractive indices of 

binary liquid mixes of ethanol with water and benzene. These observations were used to 

calculate the binary liquid mixes' molar refraction. They did this to confirm that the molar 

refraction is an additive and constitutive feature by comparing the theoretical and 

experimental values of the molar fraction. Additionally, they came to the conclusion that 

molar refraction was not influenced by intermolecular interactions[6].In binary liquid mixes 

of diethyl malonate with dimethylformamide, hexane, tetrahydrofuran, and 1,4-dioxane at 

303.15K, Baluja et al. studied the refractive indices and densities. They contrasted these 

experimentally obtained values with those calculated theoretically using the Lorentz-Lorenz, 

Heller, Newton, and Gladstone-Dale mixing rules.[7]. At temperatures of 303.15K, 308.15K, 

and 313.15K over the whole range of ester composition, Rathnam et al. examined density, 

refractive index, and viscosity of the binary liquid mixes of diethyl maleate with ketones 

(acetophenone, cyclopentanone, cyclohexanone, and 3-pentnone). These data were used to 

determine the excess volume, viscosity deviation, and molar refraction deviation. 

Additionally, the theoretical values of viscosity and refractive index determined using the 

appropriate mixing principles were compared with the experimental viscosity and refractive 

index data[8]. For binary liquid mixes of butyl amine with 1-butanol and tert-butanol at 

293K, 303K, and 313K over the whole composition range, S. Singh et al. examined the 

refractive index, density, viscosity, and ultrasonic velocity. These observations were used to 

determine the excess molar volume, molar refraction deviation, deviation in ultrasonic 

velocity, and viscosity deviation of these binary liquid mixes, which were then fitted to the 

Redlich-Kister polynomial graph. The intermolecular interactions present in these 

combinations are what they used to explain the positive and negative values of excess 

parameters that they found. Additionally, they contrasted the theoretically calculated 

refractive indices with those that were observed experimentally.[9].   The refractive indices of 

pure and binary liquid mixes of benzene and toluene at 293.15 K, heptane and hexane at 

313.15 K, and heptane and acetic acid at 293.15 K were measured by Isehunwa S.O. et al. In 

the range of 293.15K to 308.15K, Janina Nowakowska tested the refractive indices of ethyl 

alcohol in water. These measured values of this binary liquid mixture's refractive index were 

contrasted with the experimental values obtained at the same temperature range[10]. The 

refractive index of a binary liquid mixture of benzene and carbon tetrachloride was measured 

by K. P. Damor et al. The researchers created a new DDJ equation, computed the result, and 

compared it to the result of the Lorentz-Lorenz mixing rule[11]. At standard atmospheric 

pressure at 303.15 K, N.H. Ansari et al. measured the refractive indices of six binary liquid 

mixes of N-butyl bromide with aniline, benzene, xylene, carbon tetrachloride, n-heptane, and 

toluene. They determined the molar refraction and deviation in molar refraction from ideal 

values of these mixtures, as well as the refractive index divergence from ideal values of these 

combinations. Additionally, they discussed the findings in terms of the interactions of 

molecules in the binary liquid mixtures[12].Ionic liquids (ILs), 1-butyl-3-methylimidazolium 

tetraflouroborate, 1-butyl-3-methylimidazolium bis (triflouromethylsulfonyl) imide, and 1-

butyl-3-methylimidazolium methylsulfate with 1,2-porpanediol were evaluated using density 

and speed of sound tests over the full range of composition. Calculating extra molar volume 

required the measurement of density data. The binary coefficients and standard deviations 

were obtained by fitting the excess properties to the Redlich-Kister polynomial 

equation[13].For the binary liquid mixes of benzyl alcohol with chloro and nitro toluene over 

the complete composition range, L. Venkatramana et al. examined the density in the 
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temperature range 298.15K - 313.15K and the sound speed at 303.15K and 313.15K. The 

excess molar volume, excess speed of sound, isentropic compressibility, and excess isentropic 

compressibility were calculated using the measured density and speed of sound data. 

Additionally, they used theoretical models like Schaaff's collision theory and Jacobson's free 

length theory to examine the speed of sound data[14].The density of pure liquids and their 

mixtures were measured by L. Venkatramana et al. for binary mixtures of benzyl alcohol with 

1-heptanol, 1-octanol, 1-nonanol, and 1-decanol at 298.15K to 313.15K spanning the full 

composition range. Additionally, they measured the binary liquid combinations' sound 

speeds[15]. 

 

This article aims to investigate the refractive index of binary liquid mixtures of 

acetophenone with selected acetates using theoretical mixing rules. By employing various 

mixing rules, we intend to predict the refractive index behaviour across various compositions 

and temperatures. This study will contribute to a deeper understanding of the intermolecular 

forces and molecular interactions governing the optical properties of these liquid mixtures. 

 

II. METHODOLOGY 
 

Mixtures of Acetophenone with all other three chemicals were considered for the 

theoretical estimation of refractive Index at three different temperatures (T= 303.15K, 

313.15K and 323.15K) with increasing molar fraction of acetophenone. The three mixtures 

are as follows: 

 

Acetophenone – Methyl Acetate 

Acetophenone – Ethyl Acetate 

Acetophenone – Propyl Acetate 

 

The Refractive index of considered liquid mixtures were obtained using four different 

relations which are given below: 

 

1. Gladstone Dale Equation: It is given as 

 
(n12 − 1)

r12
=  

n1 − 1

r1
w1 +  

n2 − 1

r2
w2 

 

where r12 is the density of liquid mixture, r1, w1 and r2, w2 are the density and weight 

fraction of pure components 1 and 2 respectively. 

 

2. Heller’s Equation: It is based on light scattering equation of Debye and Rayleigh and is 

given by 

 

(n12 −  n1)

n1
=  

3

2
f2   

n2

n1
 

2

− 1 /   
n2

n1
 

2

+ 2  

 

where n12 is refractive index of the mixture, n1 and n2 are refractive indices of pure 

components 1 and 2 respectively. f1 and f2 are volume fractions of components 1 and 2 

respectively and is given by: 
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fi =  
xiVi

 xiVi
 

 

where xi and Vi are the mole fraction and molar volume of i
th

 constituent of binary 

mixture. 

 

3. Newton’s Equation: It applies to isotropic bodies of spherically symmetrical shape and 

proposes volume additivity and is given by: 

 

 n12
2 − 1 =  n1

2 − 1 ϕ1 +  n2
2 − 1 ϕ2 

 

4. Lorentz- Lorentz Equation: It is given by 

 

 n12
2 − 1 

 n12
2 + 2 

=  ϕ1

 n1
2 − 1 

 n1
2 + 2 

+  ϕ2

 n2
2 − 1 

 n2
2 + 2 

 

 

III.  RESULTS AND DISCUSSION 

 

Tables 1 to 3 shows the refractive index of binary liquid mixture of Acetophenone 

with Acetates (Methyl acetate, Ethyl acetate and Propyl acetate) at temperature 303.15K, 

313.15K and 323.15K with respect to the mole fraction (x1) of Acetophenone.  

 

Figures 1 to 3 further illustrate the trends observed in the refractive index of the 

binary liquid mixtures of Acetophenone with Acetates (Methyl acetate, Ethyl acetate and 

Propyl acetate) at temperature 303.15K, 313.15K and 323.15K with respect to the mole 

fraction (x1) of Acetophenone. These graphical representations provide a visual insight into 

the variations of the refractive index with changing mole fractions of Acetophenone. The 

graphs clearly depict how the refractive index responds to different concentrations of 

Acetophenone at each temperature, emphasizing the role of molecular interactions and 

composition in influencing optical behaviour. Comparing the results obtained from the four 

mixing rules reveals intriguing insights into the accuracy and reliability of each approach in 

predicting the refractive index behaviour. The variations in refractive index values across 

different temperatures and compositions underscore the complex nature of these binary liquid 

mixtures and the need for robust models to describe their optical properties accurately. The 

observed trends and patterns in the refractive index data shed light on the molecular 

interactions and structural changes occurring within the binary liquid mixtures. These 

findings deepen our understanding of the optical behaviour of Acetophenone-Acetate systems 

and pave the way for their potential applications in diverse fields, including pharmaceuticals, 

cosmetics, and materials science. 
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Table 1: Refractive Index of (Acetophenone + Methyl acetate) mixture at 303.15K, 

313.15K and 323.15K by Gladstone- Dale, Hellar, Newton’s and Lorentz- Lorentz 

Mixing Rules. 
 

 
 

Table 2: Refractive Index of (Acetophenone + Ethyl acetate) mixture at 303.15K, 

313.15K and 323.15K by Gladstone- Dale, Hellar, Newton’s and Lorentz- Lorentz 

Mixing Rules. 
 

 



Futuristic Trends in Electronics & Instrumentation Engineering 

e-ISBN: 978-93-6252-491-1 

IIP Series, Volume 3, Book1, Part 6, Chapter 1 

ESTIMATING THE REFRACTIVE INDEX OF BINARY LIQUID MIXTURES FOR TUNEABLE OPTICAL 

PROPERTIES: A THEORETICAL INVESTIGATION OF ACETOPHENONE WITH SELECTED ACETATES 

 

Copyright © 2024 Authors                                                                                                                      Page | 251 

Table 3: Refractive Index of (Acetophenone + Propyl acetate) mixture at 303.15K, 

313.15K and 323.15K by Gladstone- Dale, Hellar, Newton’s and Lorentz- Lorentz 

Mixing Rules. 
 

 
 

 
 

Figure 1: Mole fraction versus Refractive Index of Acetophenone + Methyl Acetate at 

303K,  313.15K and 323.15K 
 

 
 

Figure 2: Mole fraction versus Refractive Index of Acetophenone + Ethyl Acetate at 

303K, 313.15K and 323.15K 
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Figure 3: Mole fraction versus Refractive Index of Acetophenone + Propyl Acetate at 

303K, 313.15K and 323.15K 
 

IV.  CONCLUSION 

 

In conclusion, our investigation into the refractive indices of binary liquid mixtures 

consisting of Acetophenone and Acetates (Methyl acetate, Ethyl acetate, and Propyl acetate) 

has provided valuable insights into the optical behavior of these systems. Using four different 

mixing rules, we have examined the intricate relationship between composition, temperature, 

and refractive index, offering a comprehensive understanding of the studied mixtures. The 

data presented in Tables 1 to 3 and Figures 1 to 3 highlight the significant impact of both 

composition and temperature on the refractive indices of the binary liquid mixtures. The 

diverse patterns observed underscore the complex interplay between the different components 

and their interactions, reflecting the intricate nature of these systems. Our findings contribute 

to the fundamental understanding of these binary liquid mixtures and their optical properties. 

The four mixing rules employed in this study have allowed us to approach the investigation 

from multiple perspectives, enhancing the robustness of our conclusions and supporting 

potential applications across various fields, including pharmaceuticals, perfumes, solvents, 

and coatings. In essence, the findings presented in this study contribute to the broader 

understanding of the complex interactions within binary liquid mixtures and their potential 

significance in diverse industrial sectors. We believe that this research lays a foundation for 

further investigations and applications in the realm of optical properties and compositional 

behaviour of liquid mixtures. 
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