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Abstract.   In this paper an attempt has been made to study about the relative validity of following mixing rules Newton’s 

relation (N), Arago-Biot (A-B), Lorentz–Lorentz (L–L), Weiner (W), Gladstone–Dale (G–D), Heller (H), with organic binary 

liquid mixtures of n-heptadecane(HP), + 1-Butanol (B), + 1-Pentanol (P), + 1-Hexanol (H) at different temperature range 

over the entire mole fraction range. Average percent deviation gives comparison between these mixing rules. 
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1.  INTRODUCTION 
 

        Refractive index of organic liquids gives very useful information about the internal properties of that liquid. It 

also gives information about intermolecular interactions for organic liquid mixtures between different molecules of a mixture. 

Many workers have examined refractive index for pure liquids and binary liquid mixtures. Every liquid has its refractive 

index and due to mixing of different liquids, refractive index become changed and with the measurement of this refractive 

index of a mixture we get useful information about the proportion in which they are mixed and with these measurements 

we can determine the purity of liquid samples. This is now established that in the field of analytical chemistry refractive index 

measurement plays very important role. There are various mixing rules for the prediction of refractive index for binary liquid 

mixtures. Various empirical and semi-empirical relations have been formulated earlier and tested. It is a fact that there are 

small atomic dipoles or atomic oscillators inside a matter and it is well known that refractive index is deeply related with the 

ordering and orientations of these atomic oscillators for this reason we expect that variation of refractive index of binary 

liquid mixtures with the variation in temperature and composition which can give deep information about molecular 

rearrangement arises due to mixing of binary liquids. As a result of mixing of liquids, expansion and/or contraction of liquid 

takes place hence density becomes changed this type of change in density was firstly examined by Laplace. For determination 

of refractive index using empirical formula Gladstone and dale gives a formula in 1958.With the help of prediction of 

refractive index we can  

 

Determine the composition of binary liquid mixture.  Some workers studied the complexities arises due to mixing of organic 

liquids. It is found that mixing rules are incapable for explaining the changes in volume due to mixing as they considered 

volume additive. In this paper, as a continuation of our research work, we have made an attempt to discuss about relative 

validity and importance of various mixing rule with following organic binary liquid mixtures 

n-Heptadecane (HP) + 1-Butanol (B) 

n-Heptadecane (HP) + 1-Pentanol (P) 

n-Heptadecane (HP) + 1-Hexanol (H) 
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2. THEORY 
 

Following relations are given for different mixing rules. 

Gladstone-Dale relation (G-D) is given as 

           m 1 1 2 2n 1 n 1 n 1                       ………………… (1) 

Lorentz-Lorentz relation (L-L) is given by 
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This is most frequently used mixing rule in analysis of refractive index. 

 

Heller (H) equation is given by – 
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Weiner relation (W) is given by 
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 It applies to isotropic bodies of spherically symmetrical shape and proposes volume additivity. 

Arago - Biot relation (A-B) is given by 

   m 1 1 2 2n n n                                                 ………………… (5) 

Newton relation (N) is given by 

           2 22
m 1 21 2n 1 n 1 n 1                           ………………… (6) 

 In above equations nm, n1, n2 respectively represents the refractive index of mixture, solvent and solute respectively 

1 and 2 are the volume fractions of solvent and solute respectively. 

 

3.  RESULTS AND DISCUSSION 
 

Discussion here is based on values of Average Percent Deviation (APD) at various temperatures for all the mixing 

rules which is given in Table1. With the study of table1 it is to be pointed out that all the mixing rules for the prediction of 

refractive indices are in smooth   agreement with the corresponding value of refractive index, which are find out 

experimentally for all the binary liquid mixture under consideration here. In most cases minimum value of APD are due to 

Lorenz – Lorenz (L-L) relation for mixture (HP+B) and also APD values becomes decreases as temperature increases for 

this mixture, here we see that other relations gives no systematic dependency on  temperature. For mixture (HP+P) APD 

values due to L-L is very close to each other. However minimum values of APD are due to Heller’s relation at 293K and at 

298K it is due to A-B while at 303K for Wiener. Similar trends are obtained for the (HP+H) mixture. It is found that 

theoretical values which we calculated here show considerable deviations in some cases with that of experimental values. 

This deviation is due to following reasons. Due to formation of mixture many physical properties become changed and they 

are much different from the properties of the original components. liquid phase of matter shows lack of shear rigidity and 

also very low compressibility, accordingly liquid phase of the matter have both type of nature as exhibited by gases and solids 

because the lack of shear rigidity and very low compressibility are the properties which are shown by gases and solids 

respectively. Normally it is considered that all the molecules are perfectly spherical in shape but for every case this is not 

true. It is supposed in Nomoto theory that the volume does not change on mixing and hence no interaction takes place. 

Study of specific heat for mixtures also suggests this. But actually on mixing of two pure liquids the interaction between 

molecules of liquids existed.  
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This is because of the presence of dispersion forces, change transfer, hydrogen bonding, dipole-dipole and dipole-

induced dipole interactions. From this we concluded that the observed deviation of theoretical values from experiment 

values confirms that the molecular interaction is definitely present between the molecules in liquid mixture.  

 

4. CONCLUSION 
 

 In present work we have attempted to study the relative validity and importance of various mixing rules for the prediction 

of refractive index of binary liquid mixture.  Here we have also discussed the temperature dependence of these relations. We 

found that these rules are interrelated. For some cases particular mixing rule shows well agreement but deviates in other 

cases, this is because of different size and nature of molecules. This determines the preferential use of one rule over other. 
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Table-1 Values of APD for various mixtures 

 

Mixture T (K) GD AB LL W H N 

HP+B 

293 -0.0003 -0.0009 -0.0005 -0.0003 -0.0002 -0.0013 

298 -0.0005 -0.0041 -0.0014 -0.0024 -0.0014 -0.0023 

303 -0.0009 -0.0067 -0.0007 -0.0047 -0.0002 -0.0018 

HP+P 

293 -0.0015 -0.0015 -0.0009 -0.0032 -0.0021 -0.0023 

298 -0.0029 -0.0017 -0.0013 -0.0001 -0.0015 -0.0034 

303 -0.0017 -0.0019 -0.0060 -0.0028 -0.0027 -0.0029 
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HP+H 

293 -0.0040 -0.0021 -0.0031 -0.0049 -0.0009 -0.0065 

298 -0.0019 -0.0015 -0.0021 -0.0024 -0.0003 -0.0023 

303 -0.0011 -0.0019 -0.0027 -0.0021 -0.0019 -0.0051 
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