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ABSTRACT

Vapour pressures of organic nitrogen-containing compounds have been analysed using an
equation of state allowing for association which was developed by Wenzel, Moorwood and
Baumgartner, (Fluid Phase Equilibria, 9 (1982) 225). Besides vapour pressures, the equation
accurately reproduces liquid and vapour densities at room temperature and critical coordi-
nates of polar compounds. The equation is also able to predict vapour pressures in a wide
temperature range from limited experimental input information.

INTRODUCTION

The knowledge of vapour pressures is essential for the investigation of the
thermodynamic properties of pure components and for the modelling of
separation processes. Therefore, accurate methods are needed for the corre-
lation of vapour pressures in wide temperature ranges. The equation-of-state
methods, when compared with correlation techniques (e.g. the so-called 1/T
equations [1], the equations of Antoine, Abrams—Massaldi—Prausnitz,
Wagner, Cox, Cragoe and Harlacher—Braun [2]) have the advantage of the
possibility of correlating simultaneously properties other than vapour pres-
sures, e.g. vapour and liquid densities and critical properiies. Moreover, the
equation-of-state parameters can be used directly for the computation of the
properties of mixtures, and various thermodynamic functions (such as
enthalpy, entropy and Gibbs energy of both phases) can be simultaneously
evaluated.

Wenzel et al. [3] proposed an equation-of-state method particularly suit-
able for polar and associating compounds. This method makes it possible to
correlate simultaneously vapour pressures, liquid and vapour densities and
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critical properties of pure polar compounds. Then the properties of mixtures
can be calculated with only one binary parameter.

The purpose of the present paper is to perform a comprehensive analysis
of the available vapour pressure data for nitrogen-containing compounds [4],
i.e. pyridine bases, amines, nitrocompounds and nitriles. Besides the correla-
tion of experimental data, the capability of the equation of state to predict
vapour pressures beyond the temperature range of correlated data will be
studied.

METHOD

The procedure has been explained in detail by Wenzel et al. [3]. Here, we
summarise the main concepts underlying the method. The equation of state
used has a van der Waals-type form [5]

P=RT/(V—-b)—a(T)/(V?+ (14 3w)bV — 3wb?) (1)

where R is the gas constant, T is the temperature, P is the pressure, V is the
molar volume, w is Pitzer’s acentric factor, and a(7") and b are parameters
representing attractive and repulsive forces between molecules, respectively.

For a given substance, b is a given constant and the parameter a depends
on temperature following a correlation that is Soave’s well-known expression
[2]. These parameters are determined from the critical data, 7, and P, and
the acentric factor w of the pure substance. In this model, a pure substance
is thus characterised by three parameters, 7., P, and w.

A pure polar substance is treated as a mixture of monomers and several
associated species. The monomers and associated species are characterised
by their hypothetical values of T,, P, and w. Furthermore, each association
reaction, iA; = A,, is characterised by the enthalpy, §H, and entropy, 8S, of
forming an associated species. For a mixture of monomeric and associated
species the following mixing rules are used

b=Y xb, 2)
a=YY xx,(1-6,)(a,a,)" (3)
©=Y X0z (4)
with

z=b)7/ ¥ (x:b)7) (5)

where x; is the mole fraction of component i in either the liquid or vapour
phase and 8 is the binary parameter. Then, chemical equilibria between the
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associated species and physical (phase) equilibria between all species present
in the hypothetical mixture are calculated simultaneously. The stoichiometry
of associates, i.e. the association model, is determined by trial-and-error to
obtain the best fit of experimental data.

As input data the method requires the following pure component data: (1)
vapour pressure versus temperature; (2) liquid and vapour density (at least
at one, near ambient temperature); (3) critical coordinates, i.e. T, P.; and
(4) for mixtures, limited data relating to the binary phase equilibrium.

RESULTS

Table 1 lists the parameters obtained for the equation of state. In some
cases it was found that no association equilibrium has to be assumed and the
data are accurately reproduced when the compound is treated as mono-
meric. This is the case for all pyridine bases, and for the majority of amines
and higher nitriles. In most other cases it was sufficient to assume only one
associate besides the monomer, i.e. the dimer or trimer. This indicates that
the compounds studied are relatively weakly associated. In the case of
methanamine it is possible to represent the data with similar accuracy using
either the monomer—dimer-tetramer model or only the monomer.

Table 2 shows the quality of reproduction of the experimental vapour
pressures, liquid densities and critical data which were used as input data for
the fitting procedure. For the majority of compounds, the deviations ob-
tained by correlating vapour pressures are low. Only in a few cases, i.e. for
ethylpyridines and some of the nitriles and nitroaromatics, are considerable
deviations noted. For these compounds, however, the experimental accuracy,
as claimed by the authors, is relatively low [4,14,23]. The quality of repro-
duction of the liquid densities is, in general, satisfactory. Only in some cases
do the deviations exceed 4%. Experimental critical data are available only
for about half of the compounds studied. For the remaining compounds 7,
and P, were estimated using group contribution methods [19] and are
denoted by asterisks in Table 2. If the selected group contribution method
has been recommended by Simmrock et al. [13] the values in Table 2 are
denoted by plus signs. In general, the deviations of calculated critical
coordinates from experimental data are small and within experimental error.
Only in the case of some compounds for which 7, and P. were estimated
from group contribution methods are the deviations higher.

To verify the predictive capability of the method, vapour pressures in the
high pressure range were predicted using parameters determined in the low
pressure range as given in Table 1. The high-pressure data are only known
for three nitrogen-containing compounds [4,38]. The results are listed in
Table 3. The deviations of the predicted values from experimental data are
of the order of 1% and are considered to be very satisfactory.
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TABLE 3

Prediction of vapour pressures in the high-pressure region using parameters determined from
the low and moderate pressure region

Compound Temperature Pressure AAD (P*) Ref.
range (K) range (bar) (%)

Pyrrole 450-544 3.6-20.3 0.72 32

Pyrrolidine 422-566 5.3-54.6 1.12 32

Pyridine 450-616 4.6-54.3 0.99 32

CONCLUSIONS

The present results show that the equation of state used is an accurate
tool for simultaneously correlating pure component vapour pressures, densi-
ties and critical properties of nitrogen-containing compounds. As well as
yielding high quality correlated experimental data, the equation is able to
predict pressures in temperature ranges for which experimental data are
missing. The models found may not be expected to be suitable for the
calculation of vapour-liquid equilibria in mixtures as data for mixtures were
not considered.
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