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Introduction 

The knowledge of refractive index (n) and molar refraction (Rm) is useful for predicting many 

physico-chemical properties of liquid mixtures. Refractive index is used to evaluate the molar 

refraction and molecular connectivity which are used in predicting the structure of the liquid and their 

solutions. There are several empirical and semi empirical mixing rules for evaluating the refractive 

index of binary liquid solutions. The validity of various mixing rules as proposed by Lorentz-Lorenz 

(L-L), Gladstone-Dale (G-D), Weiner (W), Heller (H), Arago-Biot (A-B), Eykman (Eyk) and Oster 

(Os) relation has been tested by various workers during recent years. 

 

It was found that the L-L, G-D, Eyk and Os relations have performed well with less deviation from 

experimental values whereas W, H and A-B are found to be unsatisfactory, but deviations are not out 

of the experimental precision. Recently Pandey et al5.15-16 and other workers 6-7 have also studied the 

relative validity of refractive index mixing rules for multicomponent liquid systems. Refractive index 

measurements in binary and multicomponent liquid mixtures have been made by several workers3.8-

13. The values of refractive index of multicomponent systems have also been evaluated theoretically 

from the respective data of their binaries constituents17. 

 

In the present work refractive indices (n) of two binary liquid solutions viz. ethanol+hexane and 

ethanol+dodecane, and one ternary solution ethanol+hexane+decane are measured along with all the 

pure components at 308.15K. Using experimental values of refractive index, change in refractive 

indices An, and change in molar refraction Rm values have been calculated for all the systems and 

the results are fitted to Redlich-Kister polynomial equation. The refractive indices of all binary and 

ternary solutions have been evaluated theoretically using various mixing rules (L-L, G-D, W, H, A-

B, Eyk and Os) from the experimental values of pure components of the mixtures. A comparative 

study of the validity, merits and demerits of all the mixing rules have also been made. 

 

Theoretical 

The most important basis of various mixing rules13, which are used to calculate refractive index of 

binary and ternary liquid mixtures is the electromagnetic theory of light in which molecules are 

considered as dipoles or assemblies of dipole induced by an external field. The mixing rules which 

are used to calculate the refractive index of binary and ternary liquid solutions are as follows: 

 

Lorentz-Lorenz (L-L) relation: 

 L-L relation has widest applicability in predicting the refractive index of mixture from the refractive 

index and density of pure components. For ternary mixture it can be represented in weight fraction 

form as, 
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In terms of volume fraction form it can be written as, 

 
where nm,  n1, n2  and n3  are the refractive index of the liquid mixture and its pure components 1, 2 

and 3 in the mixture respectively. Pm,  p1, p2, and P3  are their respective densities. W1,  W2,  W3  and 

1, 2, 3 are the weight fractions and volume fractions of the pure components in liquid mixtures, 

which can be calculated from the relation 

 

 

 

This is the relation between weight fraction, volume fraction and mole fraction. 

 

The volume fraction is obtained as 

 
Gladstone-Dale [G-D] relation: 

 

It can be expressed as, 

 

(n m -1)= phi_{1}(n_{1} - 1) + phi_{2}(n_{2} - 1) +... 

 

In an alternative form G-D relation may be given as,  

 

 

 

Wiener relation (W): 

Like other relations, assuming volume additivity, this relation can be obtained by putting (1-1) in 

place of 1 in the second form of L-L relation, 

 

 

 

on solving eq (7) the final obtained equation is  

 

 

 

It is clear from the above discussion that both Wiener and L-L relations give the same results if 

solution is ideal. 

Heller's (H) relation: 

 

Heller relation can be obtained by substituting n2 / n1 = m1 and n3 / n2 = m2  assuming  nm  n1 in the 

above mentioned Wiener relation (8)  
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on rearranging the above equation, we get Heller's relation  

The basis of the above equation is the Debye equation of light scattering. 

 

 

Wiener and Heller both relations are valid only in the case of volume additivity i.e. фi 

 

 

Arago-Biot (A-B) relation: 

Arago-Biot proposed independently a relation for the evaluation of refractive index of binary and 

multicomponent liquid mixtures assuming volume additivity, which is given below 

 

 

 

Eykman's (Eyk) relation: 

 

It can be expressed as  

 

 

where V1/ Vm = 1 and V2 / Vm = 2 and all symbols used here have their usual meaning. 

 

Oster (Os) relation: 

 

Refractive index of mixture can be computed using Os relation as  

 

 

 

The molar refraction (Rm) can be calculated from refractive index values using the relation16 

 

 

where Vm  is the molar volume of mixture and calculated from the relation  

 

 

where and xi and Mi are the mole fraction and molecular weight of ith component in the x1 mixture 

respectively. 

 

The deviation in molar refraction, Rm can be evaluated from the expression 

 

 

 

 

 

where Rm,i is the molar refraction of pure component i.  

The deviation in refractive index has been calculated using equation  
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where nm  is the refractive index of mixture and nid is the ideal refractive index, which can be obtained 

as,  

 

 

The values of n and Rm of all binary mixtures have been fitted by least square method using 

Redlich-Kister type polynomial equation 

 

 

 where YE may be  n or  Rm  

The values of the coefficients Ai of the above equation were obtained by the least square fit. The 

standard deviations were calculated using equation,  

 

 

where m is the total number of experimental points and n is the number of coefficients considered (n 

= 5) in the present calculation. 

Results and discussion 

The experimental values of refractive index (n), change in refractive index (n) and change in molar 

refraction (Rm) upon mixing were calculated using experimental data of refractive indices of two 

binary solutions viz. ethanol+hexane and ethanol+dodecane and one ternary solution namely 

ethanol+hexane+decane at 308.15K. The results are summarized in tables 1, 2 and 3 respectively. 

The refractive index has also been computed theoretically using various mixing rules viz. L-L, G-D, 

W, H, A-B, Eyk and Os for the same solutions at 308.15K and reported in table 1. The results of 

computation of refractive index using various mixing rules have been discussed in terms of average 

percentage deviations (APD). 

The values of change in refractive index (n) and change in molar refraction (Rm) upon mixing 

were fitted to Redlich-Kister polynomial type equation. The coefficients Ai and standard deviations 

were estimated by least square method and listed in table 4. 

 

A careful study of table 1 shows that for the system ethanol+hexane, the values of change in refractive 

index and change in molar refraction are negative over  the entire composition range, except two 

mole fractions (x₁= 0.1259 and 0.3513), the values of  n are positive. 

 

As table 2 shows that for the system ethanol+dodecane, both positive and negative values of  n and  

Rm were obtained. It is also observed that the magnitudes of n and  Rm are greater in system 

ethanol+dodecane than those of system ethanol+hexane. It may be due to the increase in size of alkane 

molecules. 

 

For ternary system (table 3) viz. ethanol+hexane+decane, the values of n and  Rm are positive over 

the entire range of concentration. But Rm values are negative at two mole fractions (x1=0.7173 and 

0.9441). 

 

The deviation in molar refraction, Rm gives more information than the change in refractive index 

(n), about the mixture process because it takes into account the electronic perturbation of molecular 

orbital during liquid mixture process,4 and molar refraction is also directly related to the dispersion 



International Journal in Physical and Applied Sciences 
Volume 7 Issue 08, August 2020 ISSN: 2394-5710 Impact Factor: 6.657 
Journal Homepage: http://ijmr.net.in, Email: irjmss@gmail.com                                                   
Double-Blind Peer Reviewed Refereed Open Access International Journal  

  

81 International Journal in Physical and Applied Sciences 
http://ijmr.net.in, Email: irjmss@gmail.com 

 

forces. The positive values of Rm for mixtures indicate towards the higher dispersion forces in the 

mixtures than in pure liquids, whereas negative Rm  values of mixtures indicate that the dispersion 

forces are lower in the mixtures than in pure liquids.10 

 

The results of refractive index calculated theoretically using various mixing rules for two binary and 

one ternary mixtures have been analysed in terms of average percentage deviations (APD) deviations 

which are tabulated in tables 1, 2 and 3. A comparison of experimental results of refractive index, 

and the results obtained from various mixing rules indicate that there is a good agreement between 

the experimental and theoretical values. For the system ethanol+hexane the order of APD is H<G-

D<Eky<L-L<Os<W<A-B, whereas for system ethanol+dodecane the order is as follows H<G-

D<Eyk<Os<L-L<W<A-B. The order of APD shows that H,G-D and Eky mixing rules provide 

excellent agreement with the experimental values than the other relations, but the deviations resulted 

from other relations are not out of the experimental precision. It is also observed that the magnitude 

of APD for system ethanol+dodecane is higher than the system ethanol+hexane like the magnitude 

of n and  Rm. 
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