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NOTE

Application of Refractive Index Mixing Rules
in Binary Liquid Mixtures

M.C. SAXENA* and ASHUTOSH TRIPATHI
Chemical Laboratories, Post Graduate Department of Chemistry
K.S. Saket P.G. College (Dr. R.M.L. Avadh University), Faizabad-224 001, India

A comparative study of five mixing rules of refractive index has been
carried out to test their validity for five binary liquid mixtures at a wide
range of compositions at 298.15 K. Comparison of various rules has been
expressed in terms of average percentage deviation. All the mixing rules
perform well within the limit of experimental error but performance of
Lorentz-Lorenz (L-L) and Gladstone-Dale (G-D) relation is comparatively
better than those of others.

Key Words: Refractive index, Binary liquid mixtures.

The most widely used theoretical rules for predicting refractivity of binary
liquid mixtures are due to Lorentz-Lorenz (L-L)"? and Gladstone-Dale (G-D)°,
Wiener (W)*, Argo-Biot(A-B)® and Eykman (EK)®. The Gladstone-Dale (G-D),
Argo-Biot (A-B) relations are found to follow either Lorentz-Lorenz equation or
Wiener equation for dilute solutions especially when the refractive index of both
the liquids is nearly the same. Most of the mixing rules do not account for the
changes in volume and refractivity on mixing. This problem was attached recently
by Aminabhavi ef al., who pointed out the usefulness of mixing rules in treating
the binary refractive index and density data®'2,

A similar attempt is made here for 5 binary liquid mixtures whose refractive
index data are available in the literature'> ', The following mixture rules where
used to calculate the refractive index of the binary mixtures.

Lorentz-Lorentz (L-L) relation
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Argo-Biot (A-B) relation
ny =n¢; + nyd, “4)

Eykman’s relation

nfz—l — nfz—-l — n%—l —
n;, + 0.4 Vi = n;,+0.4 Vis n, + 0.4 V2 )

In equation (5) V;, V, and V), are the molar volumes of the pure components
and mixture respectively as shown below:

P1 P2 P12

In the above relation M;, M, and X, X, are the molecular weights and mole
fractions of the respective components. Other notations used in the above
equations have their usual meanings as given earlier.

In the present paper using density and refractive index data!®, we have made
an attempt to study the validity of mixing rules for predicting refractivity of binary
mixtures containing water-methanol, water-ethanol, 1-octanol-methanol,
1-octanol-ethanol and 1-octanol-water.

We have computed the refractivity of mixture using mixing rules (eqns. 1-5)
and compared those with the experimental values to obtain the average percentage
deviation which is recorded in Table-1.

'TABLE-1
AVERAGE PERCENTAGE DEVIATION (APD) FOR VARIOUS
REFRACTIVE RULES AT 25°C

10° (APD)

System L-L GD  Wiener A-B Eykman

(eqn. 1) (eqn. 2) (eqn. 3) (eqn. 4) (eqn. 5)

1. Water + methanol 3.73 4.12 4.62 6.70 456.80
2. Water + ethanol 6.90 8.50 12.22 12.30 976.50
3. Octanol + methanol 22.00 21.70 27.80 2249 70.30
4. Octanol + ethanol 11.99 10.83 943 10.33 5.90
5. Octanol + water 5.70 5.40 13.50 7.90 248.00

Table-1 shows that all the relations give good agreement with the experimental
values, especially the Loretz-Lorenz (L-L) and Gladstone-Dale (G-D) relations
as also observed by other workers!®'2, The exception is in the case of system 3,
since the Lorentz-Lorenz (L-L) relation is based on a sounder theoretical basis,
its performance is found to be better. For the systems 1 and 5, Gladstone Dale
(G-D) relation appears to give quite satisfactory result. Wiener’s (W) relation has
been found to predict satisfactory agreement generally. The systems 1 and 5
exhibit best performance for A-B relations. Ekyman (Ek) relation shows better
results in the systems 3 and 4 and debits for other systems. Ultimately it was
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found that Lorentz-Lorenz (L-L), Gladstone-Dale (G-D) and Wiener (W) relations
provide very good results followed by Argo-Biot and Ekyman’s relations.

Standard average percentage deviations from minimum to maximum range
from 3.7 x 10~ to 1.009, which are much much better than those reported by
other workers'®. The deviation between the theoretical and observed values of
refractive indices for all the systems under the present investigation may be
reduced if the concept of excess volume (V E) is taken into consideration in various
mixing rules as suggested by Amminabhavi ez al®
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