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Abstract

A new method for estimating the cubic of equatidrstate parameters for both
pure and mixture fluids without using critical pespes is proposed. In this method,
the solvation charging free energy and the solwatiavity are used to determine the
temperature-dependent energy param&f€r and volume parametéx This method
requires only element specific parameters (3 patenmiéor each element, including
one atomic radius and two parameters for descridiggersion interactions), and 10
universal parameters for electrostatic and hydrdgending interactions. The
equation of state (EOS) parameters so determirled d&br the description of the
complete phase diagram, including the critical pdor pure and mixture fluids. We
have examined this method using the Peng-RobirRBj) EOS for 1295 compounds
and 141 binary mixture systems. For pure compouttls, model achieved an
accuracy of 48% in vapor pressure at normal boipomt, 21.4% in liquid density,
4.1% in critical temperature, 10% in critical pneéss and 5.3% in critical volume. For
binary mixture systems, the overall average demiain total pressure and vapor
phase composition are 28.5% and 5.5%, respectivédig. errors can be reduced
significantly (to 6.8% and 2.5%) if the criticalgmerties and acentric factor of the
pure components are used. This method is, in pl|capplicable to any chemical
species and is especially useful for those whoperaxental data are not available.

Theory
The solvation free energdG™ is the work needed for transferring a solute
molecule from ideal gas to a solution under coristamperaturel and pressure.
Considering the solution as a pseudo-pure fluié ftee energy change can be
obtained from the compressibility Z8%/RT) of the solution &s
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where the underscor& (andV) denotes that the properties are expressed inlar mo
basis. If the solution obeys the PR EOS
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As temperature approaches infinity, the solvatieee fenergy is mainly a result of
hard-core repulsions between the solute and sqoheamd can be considered as
creating a cavity volume with the size and shapthefsolute in the solvent. Thus, it
is referred to as the hard-core cavity formati@efenergylcav)
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The difference between the solvation free energythadchard-core cavity formation
free energy is referred to as the charging freeggne
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Equation 5 infers that the energetic interactiorapeatera can be obtained from the
charging free energy as
b(x)

PR
where the value o€pr (the subscripPR denotes that this parameter depends on the
EOS used), defined as the terms in the square ésackeq. 5, its value is empirically
set to -0.623 for better accuracy from the modeppsed here.

The volume parametdr can be assumed to be the same as the volume of the

solvation cavity. For a pseudo-pure fluid, it caa &pproximated from the mole
fraction average of pure component contributioss, i

b(x) =Y xhy (7)

a(T,x) =—==2AG "(T,V,X) (6)

Therefore, together with eq.7 fofx), eq. 6 provides a way to estimat@,x) from
the charging free energy. This approach is refelwes PR+COSMOSAC hereatfter.

According to Lin et af. the total charging free energyi® ™) of a mixture
solvent is the sum of contributions from all thesps in the mixture,

AG™™ = Z XAG; (8)

where Agi*,cgg is the charging free energy of soluten the mixture solveng& The



individual charging free energy is calculated bagsedhe solvation model developed
previously™

AG; & (T,X) =AG* +AG,” +AG, )5 (T,X) +AG,“*(T) 9)

where the superscripts, cc, res, anddsp are the abbreviation of the ideal solvation,
the charging correction, the restoring, and thpetision contributions to the charging
free energy. The evaluation f cc, andres contributions is based on the result of
quantum mechanical solvation calculation (COSRI@)d their formulation can be
found elsewheré",

The dispersion solvation free energy is assumedeoproportional to the
exposed surface area of the atom comprising theauld, that is,

AG*®(T) =)' S, (AT + Bygy) + Gr(T) + Gy (T) (10)

where A4k and Buspx are the dispersion parameter of atom tip& is the total
exposed surface area of atom typeand Gr and Gyg are empirical corrections for
cyclic (including aromatic) and hydrogen bondingntzoning molecules. The
expressions of these two terms are

Gr(T) = Npg (A\:Isp,RT + Bdsp,R) (11)
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(12)

whereNar andNygy are the number of atoms involved in ring-structame hydrogen
bonding acceptorsd\ig,r, Bagpr, Adpre, andBagpre are constant coefficients for ring
and hydrogen-bonding corrections. All the dispergi@arameters are determined by
the regression to experimental vapor pressureudaitg selected compounds.

It is possible to increase its level of accurady PR+COSMOSAC in the
calculation of mixture properties by incorporatirexperimental data of pure
substances. When the critical propertids &nd P;) and acentric factoraf are
available, they can be used to correct the charfggggenergy as follows

8672 = (a6 - agi ) Ae (1)

where AG is the charging free energy of spediés its pure fluid,a(T) andb; are

determined as those in the original PR EOS, Thigpragch, denoted as
PR+COSMOSAC+{P.w, ensures that the pure component vapor pressutebew
the same as those determine from the original PR.EO



Results and Discussion

In this work, vapor-liquid equilibrium data of 129%ure compounds (whose
experimental data and molecular information areilab® in DIPPR and VT?®
database) and 114 binary mixtures (including al3®@0 data points) to examine our
model.

The overall average absolute errors are listedablel 1. The overall average
absolute deviation for a total 1295 pure compoufrdsich are only composed by
atoms C, H, O, N, Cl, and F) in M’ and liquid density at normal boiling
temperature are 0.37 (or 48% Rf®) and 21.4%, respectively. Except for the worst
described carbon monoxide (6.77 deviation iR'#), predicting results for all the
other compounds are acceptable. Besides, PR+COSMO8#&n describe the
complete fluid phase diagram (Figure 1).
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Figure 1. The P-V diagram for cyclooctane. The triangleseaqeerimental datiThe
solid and dashed lines are results from PR+COSMOSALCPR EOS, respectively.

Table 1 also shows the overall average absolutesefor critical properties of
compounds whose experimental critical properties available in the DIPPR
database. The critical volume is estimated from wbkeime of solvation cavity in
COSMO calculation. The deviations T are less than 120 K, except for carbon
monoxide and methacrylic acid. The accuracy fodioted T, andV, are acceptable.
The critical pressure can be obtained frBg¥z.RT/V. onceV, and T, are known.
While the PR EOS has a fixed valuezgf=0.307§ for all compounds, experimental
values ofz; ranges from 0.2 to 0.3 for most chemicAlSherefore, we have rescaled
the calculatedP. by 0.26/0.307 for better accuracy. The poorly mted P. are caused
either by the constant critical compressibilityttacin PR EOS or the error in the
predictedT, andV,. These results are similar to our previous work.



Table 1. The accuracy of PR+COSMOSAC in predicting progsrbf pure

components
Propertites Number of compounds Error
Pc 348 9.96 %
Tc 433 413 9%
Ve 272 5.34 %
Vapor Pressurg 1295 0.37
Liquid Density® 1289 21.40 %
a. at normal boiling pointo. Error:iZN: M c.Error=1In P°—§p$.
N 4= PP 10132

As shown in Table 2, the overall absolute averager® from the proposed
PR+COSMOSAC method are 28.48% in pressure and Th4%apor phase
composition. The errors reduce significantly to 584/ and 2.48% from
PR+COSMOSAC+JP.w. Figure 2(a) shows thE-x-y diagram for ethyl acetate +
1-Octene binary mixtures. In this system the pum@monent vapor pressures are well
predicted by PR+COSMOSAC and the predicted restdta all three methods are
almost  identical. (Note that results from PR+COSM@S and
PR+COSMOSAC+JP.w, are shown in dotted and dashed, respectivelyyidgure
2(b)~(d), we can find that if the deviations in wapressure increases, the larger
deviations are observed in the mixture VLE as walhen the needed experimental
data for PR+COSMOSAC+P.w are available, this method reliably improves the
accuracy in VLE regardless the mixture is idea.(e-igure 2(b)) or highly non-ideal
(e.g., Figures 2(c) and (d)). Therefore, while tm®mpletely predictive
PR+COSMOSAC approach provides the general shapéLBf phase diagram, its
accuracy in describing mixture VLE is limited by icapability of predicting pure
component vapor pressures.

Table 2. The overall absolute average errors in equilibrpressure and the liquid
phase composition from different methods

AARD P?AARD y® Number of Number of Number of

Method . . :
(%) (%) data points systems binary mixtures
PR+COSMOSAC 28.48 5.49 2953 214 114
PR+COSMOSAC+P.w  6.75 2.48 2953 214 114
1 M Pcal _ Pexp 1 M
aAARDP=—)» |—| b.AARDy=— cal _ yjexp
M2 poe y=qr 2oy




100000 ] 100000
(a) o % (b) et
o~ 7, " P v
80000 | 07" 80000 | L-t ol 7
o /'/'- O/'l .ty ngf‘é’;{
0 o o 2T oS
60000 [ 007" o 60000 [ RO ézf ol
oz® 2 =T Qe
O o7 s
O¢ i Lo
& 5 QT oo o
40000 | o ¥ o7 40000 | . VO}A A i
(Cad PRy
- 3 ,@.cﬂ;' —o—0C
o =" -6~
20000 F 20000 ¢= —
0 ‘ ‘ ‘ ‘ 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
100000 2000000
(c) (d)
80000 | _. ",’Oﬁ TTEER _'O\CQQ% Qo 1600000 | 0 ®O0WO @,
/% ] T UNOINO O//a//’
& 4R -
60000 | S 1200000 | o~ o
T T e meeaa
2~ Ceonzzeet
40000 | 800000 [ _,-ni=-""
; S EIEE MO ORGP R Q [
EBZ A e
20000 f 400000 |
0 ‘ ‘ ‘ ‘ 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Figure 1. The P-x-y phase diagram of vapor-liquid equilibrium for @&hyl acetate +
1-Octene at 348.15 K, (b) pentane + hexane at 3%hdl 303.70 K, (c) morpholine +
Octane at 353.35 and 383.35 K, and (d) 1,1-diflatirane and isobutene at 333.20 K.
The circles, dotted lines and dashed lines are pheglicted results from the
experimental datd™® PR+COSMOSAC, and PR+COSMOSAC#%w.

Conclusion

In this work, we show that accurate first prineigdredictions for vapor-liquid
equilibria can be achieved though the combinedafiggiantum mechanical solvation
calculations and a cubic EOS. The temperature angposition dependence of PR
EOS parameters are determined from a solvation mbdsed on COSMO
calculations (PR+COSMOSAC). The critical propertieapor pressures, and liquid
densities for pure components can be predictedemsanable agreement with
experimental data. This approach only provides itpisle results for mixtures
because of the inaccuracy in vapor pressure prexdst However, the predicted
accuracy for mixtures can be improved significanflythe critical properties and
acentric factor (PR+COSMOSAC#.w) are available. Although the accuracy of
PR+COSMOSAC is far from excellent, it also provigeotally predictive way to



describing pure fluids and mixtures, especially wha experimental data are
available.
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