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ABSTRACT

A modified Wilson equation is reported describing the linear dependence of the parame-
ters A,, —A;; and A, — X, on temperature. The expressions for 16 partial derivatives of the
minimization function have been derived in order to calculate the Wilson equation parame-
ters from isobaric experimental data using the Newton iteration method. The modified
Wilson method has been applied to 7-x measurements for the 1-nonyne-1-propanol system. ‘
Experimental T-x data at pressures 100, 200, 400, 600 and 760 mm Hg are reported. Using
the temperature-dependent Wilson parameters, the excess Gibbs energy is calculated at a
temperature of 313.15 K and considered together with experimental excess enthalpy data.

INTRODUCTION

Wilson’s equation [1] has been widely used to describe vapor-liquid
equilibria and is still of importance today, though several more complicated
models (e.g. NRTL, UNIQUAQ, etc.) have been developed.

In our opinion, it is possible to significantly increase the reliability of
Wilson’s equation, by considering accurately the temperature dependences
of the Wilson parameters (A,;, A;; —A;;) and ratios of molar volumes.

Normally, for binary systems, Wilson’s equation serves as two parametric
models. In order to estimate these parameters by regression two versions
have been used. For not-too-large temperature intervals:

(a) the dependence of A,;; on temperature is ignored; two parameters, A;,
and A,, are found and related to the mean temperature of the interval
used;

(b) A,;; is regarded as a function

Vj )\i j >\ii
Aij=7i exP(_T) (1)

In the present case, the two estimated parameters are the Wilson con-

stants Ay, — Aq; and Ay — Ay,
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In reality, the Wilson constants are not constant but depend on tempera-
ture. It has been shown that this dependence is linear [2], or nearly linear {3].
Evidently, the assumption that A,;— A, depends linearly on temperature
may be regarded as quite a good approximation.

Wilson’s equation provides a good representation of the excess Gibbs
energy for a variety of completely miscible mixtures and is particularly
useful for highly asymmetric systems, such as solutions of polar or associat-
ing components in non-polar or slightly polar solvents.

In previous publications by our laboratory, measurements of the
vapor-liquid equilibria of isomeric alkynes with a number of hydrocarbons
have been described [4-6].

The purpose of the present work is to apply the modified Wilson equation
to the 1-nonyne-1-propanol vapor-liquid equilibrium at constant pressure.
We are not aware of any previous determination of the vapor-liquid
equilibrium of this system.

THEORY

The values of the parameters A, — Ay, Ay —Axn, A, and A, are
expressed as follows

Ap—Ap=my+nmT (2)

Ay —Ap=my+n,T (3)
V.

Ap,= 7? exp[ —(my + an)/RT] (4)
|4

A21=72 exp[-—-(m2+n2T)/RT] (5)

We recommend describing the vapor-liquid equilibrium of binary sys-
tems by means of a modified Wilson equation containing four parameters:
m,, m,, n; and n,, which considers more exactly (compared with two-
parameter models) the dependence of A;;, and A, on temperature. Of
course, the ratio of liquid molar volumes should be regarded as a function of
temperature function as well, though this dependence is unimportant.

To calculate the Wilson equation parameters from isobaric experimental
data the following minimization function is often used (e.g. ref. 7)

n X .
D= Z ((jcalcd(i) - (jexptl(,')) = mn (6)
i=1

where U4 and U,y are the calculated and experimental values of the
mixture property.
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The following equation system must be solved

F1=aafl=0
o )
F= g =0
F4=3;;=0

The solutions of system (7) can be found using different iteration meth-
ods. We have chosen the Newton method for this purpose. In this case, the
partial derivatives of the second degree of dispersion 2 (16 derivatives)
must be expressed as well.

For a single set of experimental data (mole fractions in the liquid phase x,
and x,, temperature T at pressure P,,,;) the minimization function is

2
g= (Pca.lcd - Pexpll) (8)
where P4 is the sum of the partial pressures

Peea = Py + Py = PPxyv191 + Prx,v00; (9)

and P?, vy, and ¢, are the vapor pressure of the pure component i, its
activity coefficient in the mixture and the correction factor for vapor-phase
non-idealities, respectively.

In the present work the total pressure is calculated neglecting the vapor-
phase non-ideality effect (¢; = 1), since the virial coefficients for 1-nonyne
and its mixtures are not known. They can be determined only approximately
and the estimation of critical properties of heavy hydrocarbons is uncertain
[8].

We give the expressions of partial derivatives of the first and second
degree for function (8); in the practical calculation these values must be
found for each set of data and summarized. Using the approximate values of
the coefficients m;, n,, m, and n, in each step of iteration, the values of
A, and A, (see eqns. (4-5)) and all derivatives can be found.

For binary systems

= exP(ql +x,Z) (10)
Y2 = exP(‘Iz + xlz) (11)
where

Z=MNy/2,-Ayn/2Z, (12)

Zl = X1 + x2A12 (13)
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Z,=x,+x,Ap (14)

The partial derivatives dg/dA,, and dg/dA,, may be defined by the
following expressions

d
fa= 8Ag12 =-2 APXIXZQI/ZIZ (17)
ag 2
fe= oA, = ~2 APx1x,0,/7; (18)
where
AP = Pcalcd - Pexptl (19)
Q) =Prx,vi Ay + PYxyy, (20)
and
Q,=Px,7; + Pyx1v, Ay (21)

By means of 9g/0A,, and dg/0A,; (f4 and fy) values it is easy to
express the following partial derivatives

d A
-2y, @)
_0g _ _Ap
f2_ anl - R fA (23)
_0gs _ _Axn
f3 - amz - RTfB (24)
P A
I e WL (25)

To find the partial derivatives of f,—f, in relation to m,, n,, m, and n, it
is a rational first step to give the equations for 0f,/0A;,, df./0A,,
dfp/9A,; and 9fp/0A 5

af -2 APxx, x3A3, x}
= Prx,v,|1— - P
A, le 1X2Y1 212 2 le Y2
2 2
205953 (6. 427, AP) (26)

zt



TABLE 1

Expressions for the partial derivatives df, /dx
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i/x m, n, m, n,
1 Ay f A12f ApAy 3, ApAy
(RT)2 ¢ RT € (RT)Z 9A 5 R:T Ay
) A Ap o AnAn 3,
an, R*'C an, R? Ay
af; 9f, Ay Ay
3 = ===
am, an, (RT)sz RZTfD
‘ % BT T Ty
an, an, an, r2'P

df,/9A, and df5/0A,, are equal

af, af, 2x,x
8A21 = aA]; = Zzl ZZ[AP Py szlAlz + szleAzl) + x1x2Q1Q2] (27)

A n Z2 2 Z2 22 !
2 2
4 %(hgz +2Z, AP) (28)
2

Finally, 16 partial derivatives needed for the use of the Newton iteration
method can be found. Taking

3/,

fe=Iat AlzaT/; (29)
d

fD=fB+A21W]231 (30)

the results presented in Table 1 can be obtained.

Consequently, to find the values of parameters m,, n,, m, and n, from
experimental data, for each set of data the values f,~f, (eqns. (22-25)) and
their partial derivatives (Table 1) have to be calculated and summarized,
then the linear equation system with the symmetrical matrix must be solved
in each step of iteration until the described precision is achieved.

EXPERIMENTAL

Materials and methods

1-Nonyne was synthesized in our laboratory, distilled at subatmospheric
pressure in a high efficiency Teflon bristle-rotor column, and stored under



54

argon protected from light. The purity of the 1-nonyne, tested by capillary
gas chromatography, was not less than 99.5%. 1-Propanol (Reakhim, Khar-
kov, US.S.R., “puriss” grade) was used without further purification and
stored in specially designed flasks isolated from external moisture.

Boiling temperatures are measured at constant pressures in a semimicro-
bulliometer. The details of the apparatus and experimental procedure have
been described previously [9]. The error in the determination of boiling
points is estimated to be less than 0.05 K. The binary mixtures were
prepared by adding the weighted amounts of components. The mole fraction
error is estimated to be less than 5 x 1074,

RESULTS AND DISCUSSION

The boiling temperatures determined at pressures of 100, 200, 400, 600
and 760 mm Hg are listed in Table 2 depending on mole fraction (x) of
1-nonyne along with the Wilson equation calculations. The experimental
(exp) and calculated (calc) data are grouped in eleven columns, including
liquid (x) and vapor (y) composition, boiling temperature, molar volume
ratio, generalized Wilson parameters, total pressures and relative errors in
calculated pressure.

We have found that when treating experimental data by use of the
classical Wilson equation and the modified one given in this paper, the
calculated sum of quadratic deviations (P eq — Pepn)® by the latter is
usually 2-10 times smaller (for the system 1-nonyne-1-propanol about 9
times).

The vapor pressures of the pure components were computed using the
Antoine equation and the molar volume ratio from the linear equation; all
the constants used are summarized in Table 2. The volumetric data used in
this study were obtained from the pure component densities in the
298.15-333.15 K range [10].

Taking into account the temperature-dependent molar volume ratio and
A,;— A, constants the generalized Wilson parameters in a temperature-de-
pendent form may be given by

Ao 1 exp(_ —12.28 + 0.041T) (1)
2 2.1788 + 1.0985 X 10°4T 0.0083143T
17.64 — 0.0404T
— —4 _ .
A, = 2.1788 + 1.0985 X 10 Texp( T ) (32)

These parameters can then be used in the Wilson model to predict the
activity coefficients and hence vapor-liquid equilibrium data at a tempera-
ture of interest not far from the experimental temperature.
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Wilson proposed the following expression for the excess Gibbs energy in
the binary system

E
_g_T = —x; In(x; + Appx;) = x5 (% + Ayyxy) (33)

For the system 1-nonyne—1-propanol the experimental data of 7-x and
that of the mixing enthalpy determined previously [11] were quite far from
each other in temperature. In order to consider simultaneously the excess
thermodynamic functions, GE was estimated by means of eqns. (31)—(33) at
313.15 K, at which temperature the HE data were measured [11]. Using the
well-known equation

TSE=HE - GF (34)

the excess entropies were determined from the smoothed values of H E and
GE. The results of calculations are shown in Fig. 1. The values of G are
positive in all the 1-nonyne-1-propanol mixtures investigated. The behavior
of HE is more asymmetric than that of G®, both functions behaving
irregularly. TSE — x is sigmoid and positive for x > 0.35.

It is interesting to note finally that the mixtures of alcohols with n-alkenes
and alkylcyclenes studied previously [12] have an opposite arrangement of
the GE— x and H® — x curves.
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Fig. 1. Excess thermodynamic properties at 313.15 K for system 1-nonyne-1-propanol.
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