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Abstract

The applicability of cubic equations of state for refractive index estimation for binary alcohol
mixtures {CTL(CH), O, x=1. 2}+((CH,,CH(CH,),0H, y=0, 1, 2} at different temperatures
was evaluated by using a derivation of the Heller equation. A qualitatively accurate response was
obtained from the cubic equations and mixing rules applied, and the binary parameter abtained
can be used for multicomponent refractive index prediction, or even for other thermodynamic
properlics.
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Introduction

In the past few years we have conducted syslematic studies on the thermody-
namic propertics of binary and multicomponent mixtures connected with industrial
separation processes {azeotropic distillation, liquid-liquid extraction, etc.), involv-
ing areotropic and close boiling mixtures [1, 2). With this aim, our research team is
carrying out a project focussed on alkanol mixtures to study the influence of the po-
sition of the hydroxy group in the molecule and the thermal factor on the thermophysical
mixing properties. To this end, the refractive indices on mixing lor the binary mixtures
(ethanol or 1-propanol)+(2-propanol, 2-methyl-1-propanol or 3-methyl-1 -butanol) were
measured at several lemperatures. In what is referred 1o as the estimation field, cubic
equations of state have been adapted, from a derivation of the Heller cquation [3],
to obtain an expression of refractive indices of mixtures. By means of such a deriva-
tion, the Peng-Robinson [4] (PR) and Soave-Redlich-Kwong [5] (SRK) cubic equa-
tions of state have been applicd to compute binary interaclion parameters from cx-
perimental data.
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Experimental and data correlation

All the chemicals had been recently obtained from Merck (LiChrosolv quality),
and were kept in an argon atmosphere (maximum of 2 ppmyv in water) as soon as the
bottles were opened. A PolyScience controller bath model 9010 with a temperature
stability of £107* K was used (o thermostat the samples. Refractive indices were
measured by using an automatic refractometer Abbemat-HP Dr. Kernchen with a
precision of £107°. The accuracy in the calculated derived quantitics was estimated
as better than 5-107°, Information relating to the purification of the chemicals, the
laboratory procedure and the technical characteristics of the device is available in the
literature [6]. The experimental results on the refractive index, np, and the changes
in the refractive index on mixing at the measured temperatures for all the binary
mixtures are reported in Table 1. The changes in refractive index on mixing were
cvaluated for each composition point, using the following equation:

2
8”[) =fp — len[)“l (l )

i=1

where np is the refractive index, and the corresponding quantitics with subseript i re-
fer to pure chemicals, Derived values were correlated by means of a temperature-de-
pendent Redlich-Kister expression [7] for every binary mixture:

4 {4
5Qij=xixj2 EAPqTq X, — x)F (2)

p=0 | q=0

In this equation, 8Q; is the derived property, x is the mole [raction, Apy are the
temperature-dependent fitting parameters for these binary mixtures (Table 2) and T
is the temperature. The unweighted least-squares method was used to it the pelyno-
mials to the experimental data. The root mean square deviations were computed by
using Eq. (3), where z is the value of the property and aparis the number of experi-
mental data:

"par W
Z(Zexp Zprul)z |
|

a—l

(3)
g =
Rpar )

The fitted curves and the derived values are shown in Fig. 1a to le for all binaries
and temperatures. In these Figures, similar trends can be observed for mixtures in-
volving chemicals with similar structures. Positive values occur for all cases and
temperatures studied. The lowest deviations were computed for 1-propanol+2.-propanol

and 1-propanol+2-methyl-1-propanol, and the highest for ethanol+3-methy!-1-bu-
tanoi at the measurement temperatures.
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Fig. 1 Changes in refractive index on mixing (dn,, ) vs. mole fraction of the first component
{x,) in o — cthanol+2-propancl; e— cthanol+2-methyl-i-propanol; s - ethanol+3-methyl-
1-butanol; ¢ ~ 1-propanol+2-prepanol; & — 1-propanoi+2-methyl-1-propanol and
+— |-propanci+3-methyl-1-butanol at a - 288.15 K; b-293.15K; ¢ - 298,15 K;
d-303.15 K and e — 308,15 K

In every case, the maximum deviation was computed for almost equimolar con-
ditions. Although all these compounds are simple aliphatic alcehols and hydrogen-
honds are formed between the molecules, steric hindrance leads to different behav-
jour in what is referred to as the packing capability in some cases. Lengthening of
the aliphatic chain produces a general low packing fendency and then higher derived
values. There is a slight dependence on temperature, although increasing values are
obtained when the temperature is raised for every mixture.
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Estimation by means of equations of state

For many practical purposes, it is necessary to predict the non-ideality of binary
or mullicomponent liquid mixturcs from physical paramelers or from Lhe properties
of the pure components in adequate models. In the past few years, interest has in-
creased in work based on equations of state for the prediction of excess molar vol-
ume, parlial cxcess molar volume, partial molar volume, phase cquilibria or cxcess
molar enthalpies and other properties. This is duc to the simplicity of the model, the
relative accuracy, the low information requircments and the wide versatility in op-
eration conditions. In order to apply these models to estimale thermodynamic prop-
ertics of mixtures, the implementation of mixing rules is necessary. In this case, the
equations were selected and applied with combining rules ol one or two parameters
in the a and b factors. We have divided this study into three parts: the first is a hriel
explanation of the rules and the development of the expressions, the sccond part pre-
sents the correlation procedure of binary values to obtain physical parameters, and
the third part is the evaluation of the results oblained.

Theoretical procedure

The methods applied (o these mixtures relate to the refractive indices on mixing
hased on different applications of the Heller equation [3] and a mixing rule. It has
been demonstrated | 1] that the mixing rules for refractive indices are funciions ol the
volume fractions of the mixture, since it is possible to generalize them as a function
of the densities of the mixture and of the pure components:

N
Sy Z wiflnp;) 4
P - Pi
=1
In this cquation, w; is the mass fraction, and £ is a mathemalical function of the
refractive index of the mixture (np), and the refractive index of each component
(np). By means of a previously explained substitution [17, it is possible to obtain an
expression for the refractive index:

N
nh— 1 nh - 1 nd —1 _J
Y5 - XMy — o=
o npit 2 npT2 ni + 2 )
i=
N -1 (5)
Z ar arP v
= x| = — _
] ! E)ni an '
i=1 T.V,n Tn

where f has been substituted by the Lorentz-Lorenz mixing rule [1] and the partial
quantities and the molar volume, appearing in the second term, were computed {rom
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the corresponding equation of slate, the former being dependent on the applied mix-
ing rule, and the latter on the selected equation of state.
A general expression for both equations of state can he written as follows:

P RT a (6)
Vb (V+85(V+8,h)

where §,=1, §,=0 for the SRK equation, and 8,=14+v2, 8,=1-V2 for the PR equation.

Three different combining rules for binary parameters were incorporated in these
models, which exhibit different correlation dependences. The general equations for
the applied mixing rules are

N N

= 2 z X:x.)(l - kij - lijxi)(ﬂ,aj)o 5 -

=1 j=1

h= EZYX(I m,,)(—-'-bl} (8)

i=1 j=I

The first mixing rule (R1) is obtaincd when {;=m;;=0, the second (R2} when £;;=0,
and the third (R3) when ky;, 4, m#0, these parameters being constant values over the
whole range of composition for cvery mixture.

Table 3 presents the values of the parameters for each binary mixture via the SRK
and PR equations by application of Ri (o from experimental values between brack-
cts). Tt can be observed that similar deviations are obtained for binary correlations
with the two equations, and this mixing rule yields the lowest deviations.

Data reduction

In order Lo compute the binary interaction parameters for cach mixing rule, a
common correlation procedure was applied so as to minimize an objective function

(Fq. (97}, which means the relative accuracy of predicted and experimental valucs,
and lcads to zero.

n

. 2
L (%xp - Zprcd)

OF=2L. (9)
Zs‘,xp

A Marquardt [8] routine was applied to calculate the interaction parameters in
combination with a Newton-Raphson method. The fitling parameters obtained are
listed in Table 3 (o hetween brackets) for the R1 mixing rule.
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Comparative study and results

In what is referred to as the capability to correlate experimental data, a good re-
sponsc is obtained [or all the binary mixtures, the deviations being close to the accu-
racy of the measurements. The poorest results were obtained for the mixtures con-
taining 3-methyl-1-butanol. No dependence on temperature was observed for the de-
viations obtained. Slightly better results were given by the PR equation at high tem-
peratures, but the two equations exhibited similar behaviour. The computed parame-
ters can be used for multicomponent refractive index prediction.
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