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Abstract

By assessing a large number of binary systems, it is shown that molecular modeling is a reli-

able and robust route to vapor-liquid equilibria (VLE) of mixtures. A set of simple molecular

models for 78 pure substances from prior work is taken to systematically describe all 267 binary

mixtures of these components for which relevant experimental VLE data is available. The mix-

ture models are based on the modified Lorentz-Berthelot combining rule. Per binary system,

one state independent binary interaction parameter in the energy term is adjusted to a single

experimental vapor pressure. The unlike energy parameter is altered usually by less than 5 %

from the Berthelot rule. The mixture models are validated regarding the vapor pressure at other

state points and also regarding the dew point composition, which is a fully predictive property

in this work. In almost all cases, the molecular models give excellent predictions of the mixture

properties.

∗ corresponding author, tel.: +49-5251/60-2422, fax: +49-5251/60-3522,

email: jadran.vrabec@upb.de

1



1 INTRODUCTION

In previous work of our group, a set of molecular models has been developed for 78 real pure

fluids using the dipolar or quadrupolar two-center Lennard-Jones (2CLJD and 2CLJQ) potential

[1,2]. This model type has been proposed more than three decades ago [3], however, it is far from

being fully exploited. Polar 2CLJ models consider the basic molecular interactions repulsion

and dispersive attraction and also feature anisotropy and polarity in a simple way. 78 small

molecules consisting of up to nine atoms that belong to different classes of real fluids, including

noble gases, alkanes, halogens and numerous refrigerants, were covered in [1,2]. For many of the

78 molecules, the polar 2CLJ model strongly simplyfies the intermolecular interactions. E.g., the

asymmetry of the molecules is neglected and the polar interaction is always aligned along the

main molecular axis. Also the polarizability, which is often assumed to be a crucial molecular

property for thermodynamics, is only implicitly considered by Lennard-Jones interaction sites.

Furthermore, the internal degrees of freedom are neglected as the polar 2CLJ models are rigid.

The aim of this work is to investigate whether these crude assumptions for pure substance models

have an impact on mixture properties, in particular on binary vapor-liquid equilibria (VLE). It

can be argued that oversimplified molecular models can be adjusted to a few experimental pure

substance properties, but major deficiencies should be visible when applied to mixtures.

Molecular simulations on binary VLE containing some of the 78 components, but using other

models or parameter sets, are available from different authors: Potoff and Siepmann [4] (N2,

CO2 and alkanes), de Pablo et al. [5] (hydrocarbons), Gao et al. [6] (hydrofluorocarbon and

hydrochlorofluorocarbon mixtures), Kronome et al. [7] (N2 + C2H6), Nath et al. [8] (alkane

mixtures), Cui et al. [9] (CO2 + perfluoroalkanes), Potoff et al. [10] (mixtures of various polar

and non-polar components), Delhommelle and Millié [11] (Ne, Ar and Kr), Liu and Beck [12] as

well as Vrabec and Fischer [13,14] (CH4, C2H6 and CO2). However, each of these publications

is restricted to a few mixtures only.

Some of the abovementioned 78 pure substance models [1,2] have successfully been used in

simulation studies by others: Several authors used them as solute models for predictions of the
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Henry’s law constant: Boutard et al. [15] for O2 in Ethanol, Krishnamurthy et al. [16] for N2

and O2 in Ethylene oxide and Shah and Maginn [17] for C2H6 and C2H4 in an ionic liquid.

Grimm et al. [18] used the CH2I2 model to investigate local density effects on photoinduced

isomerization kinetics of this substance in supercritical CO2. Müller et al. [19,20] used several

models (C2H6, C2H4, N2 and C2F6) for simulations on adsorption regarding micro-porous carbon.

Jia and Murad [21,22] took the N2 and O2 models to simulate zeolite membrane separations of

gas mixtures. The same models were taken by Chialvo and Horita [23] for a study on vapor-liquid

fractionation factors. Schumacher et al. [24] used the N2, O2 and CO2 models for investigations

on the optimization of organic/inorganic adsorbents. Carrero-Mantilla and Llano-Restrepo [25]

used them to predict VLE of binary mixtures containing CH4, C2H6, C2H4 and Propylene, they

also regarded reactive systems [26]. Furthermore, Smith and Ĺısal [27,28] used the N2 model for

non-reacting and reacting systems regarding ammonia synthesis.

It should be noted that polar 2CLJ models are not suited for hydrogen bonding molecules

as they cannot mimic their very strong short-range interaction. However, it was shown for 35

binaries [29,30] that they are, e.g. for CO2 compatible with appropriate molecular models, e.g.

for Methanol, for hydrogen bonding fluids.

Reasonable molecular modeling of mixtures requires the definition of the unlike interactions

only. While unlike polar interactions are straightforwardly known on a sound physical basis,

i.e. by using the laws of electrostatics, there is still no such framework for the unlike dispersive

interactions [31]. Therefore, combining rules have been proposed that determine the parameters

of that unlike interaction, where, among many others, the most well-known is the Lorentz-

Berthelot rule. Regarding binary VLE of 44 systems we have recently shown in [32] that (a)

the Lorentz rule is excellent, (b) the unlike dispersion energy parameter is crucial for accurate

predictions of the pressure, (c) none of a set of eleven investigated combination rules yields

really optimal values for it and (d) it should be adjusted to one experimental vapor pressure of

the mixture.

Based on the 78 pure substance models [1,2], the unlike energy parameter was adjusted in
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previous work [33–35] to the experimental binary vapor pressure for 44 systems in order to

very accurately describe their VLE. The viability of this approach was also shown with VLE

predictions of five ternary mixtures [33–35]. Galbraith and Hall [36] took some of those adjusted

mixture models and calculated VLE of four binaries containing N2, O2, CO2 and C2H6 by

Gibbs-Duhem integration and obtained an excellent agreement with experimental data.

However, as in most fields of science, there is a danger that results are biased by a selection of

the studied subjects. Moreover, successful approaches are generally more likely to be published

than failures. To counter this, a combinatorial approach was used here. Theoretically, out of the

N = 78 components N(N − 1)/2 = 3 003 binary mixtures can be formed, but of course, not all

of these systems have been studied experimentally. To our knowledge, the VLE was measured

for a subset of 267 out of the 3 003 binaries. In the present work, all those 267 binary mixtures

were studied. This is by far the largest set of binaries that was used to probe the application of

molecular modeling and simulation to mixtures.

The presented simulation results are compared to experimental data and in most cases to the

Peng-Robinson equation of state (EOS). For parameter adjustments of the molecular models

and the Peng-Robinson EOS always the same experimental data were used to achieve a fair

comparison.

2 EXPERIMENTAL DATABASE

In this work, experimental data were predominately retrieved using Dortmunder Datenbank

(DDB) [37], which collects all publicly available mixture VLE data sets, covering more than

a century of experimental work. For a subset of 286 of the potential 3 003 binary mixtures

experimental VLE data is available. That data is contained in 203 publications [38]-[240]. These

286 binaries include 66 of the 78 pure components, i.e. for 12 substances no mixture data was

found with any of the other 77 components. A list of these 66 components, including their

CAS RN number for proper identification, is given in Table 1. Please note that the ASHRAE

nomenclature is preferred in the following due to its brevity, despite its deficiencies [241].
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Of those 286 binary mixtures, 44 have been modeled in previous work of our group [33–35] but

the resulting VLE data were published only partly.

The term VLE data is used here for information on vapor-liquid coexistence at finite mole frac-

tions, i.e. not for properties at infinite dilution like the Henry’s law constant. For an additional

66 binary mixtures experimental Henry’s law constant data were found, however, they are not

regarded here but will be discussed in a forthcoming paper.

For 55 of the 286 systems experimental data is available only from a single source. Among them

are 8 binaries, where exclusively data on the dew line were published. Such cases, cf. Table 1 of

the supplementary material, are of little use for the present modeling and validation procedure

so that these mixtures were excluded here. For 11 binaries VLE data are available only for very

dilute state points, i.e. the bubble point mole fraction of the low boiling component is x1 < 0.02

mol/mol, cf. Table 2 of the supplementary material. Such data rather present gas solubilities

which are related to the Henry’s law constant. For direct VLE simulations they are not well

suited so that they were excluded as well. The total number of investigated systems is therefore

286-8-11=267 binaries.

3 PURE FLUID MODELS

Due to the binary VLE experimental data situation 66 polar 2CLJ based molecular models,

taken from [1,2], were used here. These are five spherical non-polar (LJ) models for noble gases

and CH4, three spherical dipolar (Stockmayer) models for R30, R32 and R30B2, furthermore

32 elongated dipolar (2CLJD) models which include carbon monoxide and numerous refriger-

ants, and finally 26 elongated quadrupolar (2CLJQ) models which include halogens, alkanes,

refrigerants and CO2.

The polar two-center Lennard-Jones pair potential writes as

u2CLJP(rij , ωi, ωj, L, P ) = u2CLJ(rij, ωi, ωj , L) + uP(rij , ωi, ωj, P ),

where u2CLJ is the Lennard-Jones part
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u2CLJ(rij , ωi, ωj, L) =
2
∑

a=1

2
∑

b=1

4ε

[

(

σ

rab

)12

−
(

σ

rab

)6
]

.

Herein, is rij the center-center distance vector of two molecules i and j, rab is one of the four

Lennard-Jones site-site distances; a counts the two sites of molecule i, b counts those of molecule

j. The Lennard-Jones parameters σ and ε represent size and energy, respectively. The polar

contribution, written in a general form uP here, is also dependent on the vectors ωi and ωj

representing the orientations of the two interacting molecules. P is a general notation for the

polar momentum.

In the case of a dipolar model, the polar contribution is given by [242]

uD(rij , ωi, ωj, µ) =
1

4πε0

· µ2

|rij|3
(sisj cos φij − 2cicj) , (1)

with ck = cosθk and sk = sinθk. θi is the angle between the axis of the molecule i and the

center-center connection line and φij is the azimuthal angle between the axis of molecules i and

j. The number of parameters related to the dipole is one, namely the dipolar momentum µ, as

its position in the center of the model and orientation along the molecular axis are fixed and it

is reduced by the large distance approximation to a point dipole.

A point dipole may, e.g. when a simulation program does not support this interaction site type,

be approximated by two point charges q separated by a distance l. Limited to small l, one is

free to choose this distance as long as µ = ql holds. However, the computational effort increases

through this separation for the interaction between two dipoles roughly by a factor of four.

The 2CLJQ model has a point quadrupole of momentum Q also placed in the geometric center

of the molecule and oriented along the molecular axis. The quadrupolar contribution is [242]

uQ(rij , ωi, ωj, Q) =
1

4πε0

· 3

4

Q2

|rij |5
[

1 − 5
(

c2
i + c2

j

)

− 15c2
i c

2
j + 2 (sisj cos φij − 4cicj)

2
]

. (2)

As for the point dipole, also the point quadrupole may be approximated by three linearly aligned

point charges in the sequence q, −2q, q, each separated by l. The small distance l can also be

chosen arbitrarily as long as Q = 2ql2 holds. The computational effort for the interaction between

two quadrupoles increases then roughly by a factor of nine.
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Most polar 2CLJ models have four parameters: size σ, energy ε, elongation L and dipolar

momentum µ or quadrupolar momentum Q; Stockmayer models have a vanishing elongation,

while the non-polar spherical LJ models have only two parameters: σ and ε. Both their elongation

and polarity are zero. Model parameters were adjusted in [1,2] to experimental pure fluid VLE

data using global correlations of critical temperature, saturated liquid density and vapor pressure

as functions of these molecular parameters [243,244]. These pure substance model parameters

are not repeated here. It should be noted that a wide range of polar momenta are covered by the

66 pure substance models. Starting from a non-existent polar momentum in case of the noble

gases and methane, it ranges to up to 4.7919 D for the dipolar R130a and up to 16.143 DÅ for

the quadrupolar R1110.

The advantage of these molecular models is their simplicity, which reduces simulation time

considerably, and their accuracy: typically, the relative deviations between simulation and ex-

periment are below 1 % for the saturated liquid density, below 3 % for the vapor pressure,

and below 3 % for the enthalpy of vaporization [1,2]. They also have shown to predict reliably

Joule-Thomson inversion curves for pure fluids and mixtures [245,246] covering a wide range of

state points but also transport properties [247–251].

4 MOLECULAR MIXTURE MODELS

On the basis of defined pairwise additive pure fluid models, molecular modeling of mixtures

reduces to modeling the interactions between unlike molecules. Unlike interactions consist of

two different types here. The electrostatic interactions, e.g. between dipole and dipole, dipole

and quadrupole, as well as quadrupole and quadrupole, belong to one type. These interactions

are treated here in a physically straightforward way, simply using the laws of electrostatics.

Interactions between different dipoles and different quadrupoles are already defined by equations

(1) and (2), when µ2 = µiµj or Q2 = QiQj is specified, respectively. The dipole-quadrupole

interaction, present here in 108 mixtures, is given by [242]

uDQ(rij , ωi, ωj, µi, Qj) =
1

4πε0

· 3

2

µiQj

|rij |4
(ci − cj) [1 + 3cicj − 2sisjc] . (3)
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Repulsion and dispersive attraction are other interaction types and are present between all

molecules. If a mixture A + B is modeled on the basis of Lennard-Jones potentials, the knowledge

of the unlike Lennard-Jones parameters σAB and εAB is required. For their determination, the

broadly used Lorentz-Berthelot combining rule is a good starting point [32]

σAB = (σA+σB)/2, (4)

and

εAB =
√

εAεB. (5)

Applying σAB and εAB, as given by equations (4) and (5), allows the prediction of mixture

properties from pure fluid data alone [25,32–35]. But as shown in [25,32–35], a significant im-

provement can be achieved by introducing one state independent binary interaction parameter

ξ to adjust the unlike energy parameter

εAB = ξ
√

εAεB. (6)

For VLE, it was shown in [32] that ξ should be adjusted to a single experimental binary vapor

pressure. Specifying temperature and bubble point composition, ξ has hardly any influence on

the bubble density and a minor influence on the dew point composition. The benefit of ξ lies

in an excellent representation of the experimental two-phase envelope that is predominantly

superior to adjusted cubic EOS. The binary interaction parameter was adjusted here following

the same procedure as in [33–35]. It should be pointed out that the dew point composition was

not included in the adjustment so that dew point simulation data is fully predictive and thus

can well be used to assess the mixture models.

Table 2 gives the state point (i.e. temperature T and bubble point mole fraction of the lower

boiling component x1) and the experimental vapor pressure pexp which was used for the adjust-

ment as well as the resulting binary interaction parameter ξ. A first validating VLE simulation

at this state point with the adjusted mixture model was performed. The resulting vapor pressure

psim and dew point composition from simulation are also listed in Table 2 and can numerically
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be compared to experimental data there. Note that for 80 binaries no experimental dew point

composition is available.

5 PENG-ROBINSON EQUATION OF STATE

Cubic EOS offer a compromise between generality and simplicity that is suitable for many

purposes. They are valuable tools for correlating experimental data and are therefore often used

in technical applications. In the present work, the Peng-Robinson EOS was used for comparison

and as a guide for the eye in the numerous phase diagrams presented subsequently.

The Peng-Robinson EOS [253] is given by

p =
RT

v − b
− a

v(v + b) + b(v − b)
, (7)

where the temperature dependent parameter a is defined by

a =

(

0, 45724
R2Tc

2

pc

)[

1 +
(

0.37464 + 1.54226 ω − 0.26992 ω2
)

(

1 −
√

T

Tc

)]2

, (8)

and the constant parameter b is

b = 0.07780
RTc

pc

. (9)

Therein, the critical temperature Tc, the critical pressure pc, the acentric factor ω, and the ideal

gas constant R of the pure substance are needed. These data were taken from Merseburger

Datenbank [254].

To apply the Peng-Robinson EOS to mixtures, mixed parameters am and bm have to be defined.

For this purpose, a variety of mixing rules has been presented in the literature. The Van der Waals

one-fluid mixing rule [253] was chosen here. It defines the temperature dependent parameter as

am =
∑

i

∑

j

xixjaij, (10)

where i and j indicate the components with

aij =
√

aiaj(1 − kij), (11)
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including kij as an adjustable binary parameter. The constant parameter is defined as

bm =
∑

i

xibi. (12)

In the present work, the binary parameter kij of the Peng-Robinson EOS was adjusted for each

mixture to the experimental vapor pressure at the same state point as the molecular mixture

model.

6 RESULTS AND DISCUSSION

The results are presented here in pressure vs. mole fraction phase diagrams, cf. Figures 1 to 20

and supplementary material. Full numerical VLE simulation data are given as supplementary

material as well which also contains the saturated densities and the heat of vaporization from

simulation. Due to the fact that such data is rarely available from experiment for comparison,

they are not discussed in the present work.

By addressing the binaries, the lower boiling component is always mentioned first, i.e. in mixture

A + B, A is lower boiling one. In all phase diagrams, also the pure substance vapor pressure of

the molecular models is indicated. These were obtained via the vapor pressure correlations for

polar 2CLJ fluids as given in [243,244].

To assess the quality of the mixture models, VLE calculations were made at other state points

than those used for the adjustment of the binary interaction parameter ξ. Preferably, state

points were chosen for which a direct comparison to experimental data is possible. The near-

critical region was not covered to avoid difficulties in the simulations. The first criterion of the

present assessment is the resulting slope of the bubble line which can directly be compared with

experimental data in most cases. The second criterion is the resulting dew point composition as

a function of pressure which is fully predictive here. These data may also directly be compared

to experimental data in most cases. However, for 80 mixtures no experimental dew line data

was published.

A similar assessment was made in the Third Industrial Fluid Property Simulation Challenge
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2007 [255] for molecular simulation data regarding the binary system R227ea+Ethanol.

We have rated the mixture models according to the two criteria mentioned above: if the slope of

the simulative bubble line was in agreement with the experiment roughly within the statistical

uncertainty and the average deviation between simulation and experiment for the dew point mole

fraction was below 0.05 mol/mol, it was assumed that the mixture model is successful. For a

few pure fluids, e.g. R23 between around 260 to 300 K, the pure substance vapor pressure shows

noticeable deviations when compared with experimental data, cf. Figure 1. Thus, the binary

two-phase envelope must deviate in the region which is rich of this component. However, it was

found that such deficiencies usually do not translate into the remaining composition range. If

the mixing behavior was generally predicted correctly in that sense, the mixture model was also

rated as successful.

The successful cases are discussed here at a glance due to the large number of systems, however,

they are all shown in the supplementary material. The regarded vapor pressure range, depending

on the availability of experimental data, was extensive. It covers more than three orders of

magnitude from around 0.016 MPa (R140a + R10, cf. Figure 2) to above 30 MPa (Ne + CO2,

cf. Figure 3).

For zeotropic mixtures, it can be seen that very different shapes of the two-phase envelope

were predicted correctly. At sub-critical temperatures, there are very narrow envelopes (e.g. R22

+ R134a, cf. Figure 4), wider envelopes (e.g. Propylene + R114, cf. Figure 5) and very wide

envelopes (e.g. R14 + R152a, cf. Figure 6), where the vapor phase contains little of the high

boiling component. There are qualitatively different slopes of the bubble line: convex (e.g. Xe +

R40, cf. Figure 7), straight (e.g. N2 + Ar, cf. Figure 8), concave (e.g. R23 + R152a, cf. Figure

1) or S-shaped (e.g. R14 + Propylene, cf. Figure 9). Also qualitatively different slopes of the

dew line were predicted correctly: convex (e.g. R22 + R12, cf. Figure 10), straight (e.g. R22 +

R134a, cf. Figure 4), concave (e.g. CH4 + C2H6, cf. Figure 11), or S-shaped (e.g. R22 + CS2,

cf. Figure 12).

Analyzing the VLE envelopes further, it was found that 36 binaries show an azeotropic behavior,
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thereof one exhibits a pressure minimum (R134 + R152a, cf. Figure 13). It should be noted that

the location of the azeotropic point is a fully predictive property in the present work.

To limit the computational effort, for most mixtures only one isotherm was simulated and, of

course, it can be argued that the binary interaction parameter ξ and thus the mixture model

might only be valid for the temperature where it was adjusted. This would significantly restrict

the applicability of the present mixture models. To counter this, a subset of 53 binaries was

regarded for two to up to four different temperatures. A good example is CO + CH4, cf. Figure

14, which is experimentally well explored. It can be seen there for four isotherms that the present

mixture model is successful in a temperature range of 55 K in the entire composition range. Also

larger temperature intervals were regarded, e.g. 100 K for R22 + CS2, cf. Figure 12.

For 22 mixtures only isobaric experimental data is available, mostly at ambient pressure. Then,

usually only these state points were simulated (e.g. R116 + R115, cf. Figure 15) and thus the

predictive quality with respect to temperature and composition was assessed.

In case of 12 binaries experimental data is only available for a fixed bubble point composition

(e.g. SF6 + R13B1, cf. Figure 16). There, the predictions regarding temperature and pressure

were evaluated.

In summary, for a total of 267 binaries useful experimental VLE data were found. Based on the

criteria mentioned above we have rated the present modeling approach in 259 cases as successful,

i.e. only for eight binaries, listed in Table 3, larger deviations were found. The quota of successful

mixture models is hence 97 %.

It is worthwhile to examine the unsatisfactory cases as well, which are listed in Table 3. Different

deviation types can be distinguished: For five binaries, the agreement between simulation and

experiment is good on the bubble line, however, the predicted dew point composition is off by

more than 0.05 mol/mol on average. This is the case for Ne + Xe (Figure 17), Ne + R13, Ne +

R14, N2 + R14 and Propylene + R30. It should be noted that three of those mixtures contain

Neon. In case of C2H2 + Propylene, cf. Figure 18, a modest temperature extrapolation over

21 K failed, where significant deviations in pressure were found. The simulated binary data for
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C2H2 + Propyne, cf. Figure 19, also shows deviations from experimental dew line data, however,

the slope of the bubble line seems qualitatively wrong as well. Finally, a significant mismatch

between experiment and simulation was found for R13 + R114. The experimental data for that

system, taken from DDB, is from an anonymous author [240] and is the only available source.

By inspection of Figure 20 it can be concluded the binary data from [240] seems doubtful as it

does not correspond with the pure substance vapor pressure of the two components in the pure

substance limit.

On the basis of such a large data set it is useful to examine the distribution of the optimized

unlike interaction parameter ξ, cf. Figure 21. It can be seen that the modus of this distribution

lies at ξ = 1 and that on average ξ is below unity. For 71 % of the binaries it is within 5 %

of the Berthelot rule (ξ = 1). Six systems (Ne + Kr, Ne + CO2, SF6 + R32, R32 + R134a,

R116 + R32, and R116 + R41) require binary parameters that significantly differ from unity, i.e

ξ < 0.8 or ξ > 1.1. Among them two again contain Ne, which indicates together with the three

unsatisfactory cases that the Lennard-Jones potential does not well represent the intermolecular

interactions of Ne. Three of the remaining four binaries contain R32, which was modeled by the

Stockmayer potential. It might be argued that the large deviation from unity is caused by this

oversimplification of the molecular structure of R32.

For 263 systems, the results of the Peng-Robinson EOS with adjusted binary parameter kij

are also shown. Due to the fact that this model is a reliable correlation tool, making it a

workhorse in process engineering, it performs well in most cases too. Beside the fact that it

sometimes overshoots in the critical region, which is a well known fact, only for few mixtures

significant deviations were found. Examples are Ar + Propylene, CO2 + CS2 and R23 + CS2 (all

presented in the supplementary material) as well as R14+R152a (Figure 6), Xe+R40 (Figure

7), C2H2+Propylene (Figure 18) and R13+R114 (Figure 20).
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7 CONCLUSION

It was shown that molecular modeling, and simulation as the most versatile method at that

level, is a reliable and robust approach to VLE of mixtures. To verify this issue, a large scale

simulation effort was made to cover 267 binary mixtures in a combinatorial way. The employed

molecular models in many cases oversimplify the molecular features of the substance that they

represent. They were, however, adjusted to pure substance VLE data in a quantitatively sound

way. Unexpectedly, it was found that the molecular models are almost always able to compensate

such oversimplifications and nonetheless adequately cover the effects of mixing.

To optimally represent the phase behavior of all regarded binary mixtures, the unlike dispersive

energy parameter was adjusted to a single experimental vapor pressure of each mixture. It

was found that the Berthelot rule is a good choice. In 71 % of all binaries, unlike dispersion

was modified by 5 % or less. On average, unlike dispersion should by slightly weaker than the

Berthelot rule suggests.

Following that procedure, a large number of 259 molecular mixture models was presented that

accurately cover the diverse fluid phase behavior of binary systems. Compared to the Peng-

Robinson EOS, molecular modeling and simulation are superior, particularly in the critical

region. Due to the comparably weak nature of three body interactions, reliable VLE predictions

for ternary and polynary mixtures can be expected.

Due to their numerical efficiency and accuracy, the presented molecular mixture models are also

well suited to be used in simulations on a larger scale to investigate processes like evaporation,

adsorption, flow etc.
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APPENDIX, SIMULATION DETAILS

The technical simulation details of the present work are similar to those published in [33]. A

center-center cut-off radius of 17.5 Å was used for the explicit evaluation of the intermolecu-

lar interactions. The Lennard-Jones tail corrections for internal energy, pressure, and chemical

potential were calculated employing angle averaging as proposed by Lustig [260]. Long-range

corrections for the dipolar part of the potential model were calculated with the reaction field

method [261,262]. The quadrupolar interaction needs no long range correction as it disappears

by orientational averaging. The same holds for the mixed polar interaction between dipoles and

quadrupoles, cf. Weingerl et al. [263].

Vapor-liquid equilibria were obtained with the Grand Equilibrium method [264]. Depending on

thermodynamic conditions, three different levels of computational effort were employed:

(A) In simple cases (e.g. Ar + R22, Kr + Propylene and R116 + R134a) VLE can be obtained

with small statistical uncertainties sampling N = 500 molecules for the liquid phase and about

200 molecules for the vapor phase. Liquid simulation runs were carried out using molecular

dynamics with 100 000 time steps, vapor simulation runs were performed using the Monte Carlo

technique with 100 000 cycles. Within one cycle, N attempts to translate or rotate, and two

attempts to insert or delete molecules were performed. The chemical potentials were calculated

by Widom’s insertion technique [257] using 2000 test molecules each time step.

(B) In intermediate cases (e.g. R14 + R13, R116 + CO2 and SF6 + R13B1) where experimental

data is present only for dense liquid phases, 864 molecules were used for liquid simulations

and about 600 molecules for vapor simulations. Liquid runs were carried out using molecular

dynamics with 300 000 time steps, vapor runs were performed by Monte Carlo with 200 000

cycles. The number of test molecules was 3456 every time step.

(C) In difficult cases (e.g. R14 + R10, R32 + R143a and R1120 + R1110) where experimental

data is present only for highly dense strongly polar liquid phases where the vapor pressure is

usually very low, the more elaborate gradual insertion scheme had to be employed to obtain the

chemical potentials.
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The gradual insertion method is an expanded ensemble method [265] based on the Monte Carlo

technique. The version as proposed by Nezbeda and Kolafa [266], extended to the NpT ensemble

[267], was used in case (C). In comparison to Widom’s insertion technique, where real molecules

are inserted into the fluid, gradual insertion introduces one fluctuating molecule that undergoes

changes in a predefined set of discrete states of coupling with all other real molecules of the

fluid. Preferential sampling is done in the vicinity of the fluctuating molecule. This concept

leads to considerably improved accuracy of the residual chemical potential. Gradual insertion

simulations were performed with N = 864 molecules in the liquid phase. Starting from a face-

centered cubic lattice arrangement, every simulation run was given 5000 Monte Carlo cycles

to equilibrate. Data production was performed over 100 000 Monte Carlo cycles. One Monte

Carlo cycle is defined here as N trial translations, (2/3)N trial rotations, and one trial volume

change. Further simulation parameters for runs with the gradual insertion method were taken

from Vrabec et al. [267].
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LIST OF SYMBOLS

Latin Letters

a component index

a parameter of Peng-Robinson equation of state

b component index

b parameter of Peng-Robinson equation of state

c short-cut notation for cosinus

i molecule index

j molecule index

kB Boltzmann’s constant, kB = 1.38066·1023 J/K

kij binary parameter of the Peng-Robinson equation of state

L elongation

p pressure

P polarity representing a point dipole or a point quadrupole

Q quadrupolar momentum

R ideal gas constant

s short-cut notation for sinus

r distance

T temperature

u pair potential

v volume

x mole fraction in liquid phase

y mole fraction in vapor phase

Greek Letters

γ precession angle between the orientation vectors of two molecules

ε Lennard-Jones energy parameter

µ dipolar momentum

ξ binary interaction parameter

17



θ dihedral angle between the orientation vectors of two molecules

σ Lennard-Jones size parameter

φ azimuthal angle between the orientation vectors of two molecules

ω acentric factor

Subscripts

a count variable for molecule sites

a constant

A related to component A

b count variable for molecule sites

b constant

B related to component B

c critical value

D dipole

i related to component i

ij related to components i and j

j related to component j

m mixture

Q quadrupole

Superscripts

exp experimental data

sim simulation data

Abbreviations

1CLJ one-center Lennard-Jones

1CLJD one-center Lennard-Jones plus point dipole
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2CLJ two-center Lennard-Jones

2CLJD two-center Lennard-Jones plus point dipole

2CLJQ two-center Lennard-Jones plus point quadrupole

DDB Dortmunder Datenbank

EOS equation of state

VLE vapor-liquid equilibria

Vector properties

rij center-center distance vector between two molecules i and j

µ dipole vector

ω orientation vector of a molecule
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Druckbereich, Thesis, TH Karlsruhe, 1988.

[147] F.N. Kissell, F.S. Manning, J. Chem. Eng. Data 7 (1962) 205-206.

[148] P. Perez, J. Valero, M. Gracia, J. Chem. Eng. Data 39 (1994) 789-792.

25



[149] V. Fried, D.R. Franceschetti, A.S. Gallanter, J. Phys. Chem. 73 (1969) 1476-1479.

[150] R. Xie, Y. Liu, P. Yu, C. He, H. Qin, B. Dong, H. Shiyou, Petrochem. Tech. 17 (1988) 155-161.

[151] N.D. Loi, Luft- und Kältetech. 19 (1983) 37-40.
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Table 1

List of the 66 components included in the present work. The model parameters were taken from [1,2].

Fluid CAS RN Fluid CAS RN

Non-polar, 1CLJ R141b (CH3−CFCl2) 1717-00-6

Ne 7440-37-1 R142b (CH3−CF2Cl) 75-68-3

Ar 13965-95-2 R143a (CH3−CF3) 420-46-2

Kr 7439-90-9 R150a (CHCl2−CH3) 75-34-3

Xe 7440-63-3 R152a (CH3−CHF2) 75-37-6

CH4 74-82-8 R160B1 (CH2Br−CH3) 74-96-4

Dipolar, 1CLJD R1122 (CHCl=CF2) 359-10-4

R30 (CH2Cl2) 75-09-2 R1140 (CHCl=CH2) 75-01-4

R30B2 (CH2Br2) 74-95-3 Quadrupolar, 2CLJQ

R32 (CH2F2) 75-10-5 N2 7727-37-9

Dipolar, 2CLJD O2 7782-44-7

CO 630-08-0 Cl2 7782-50-5

CH3I 74-88-4 Br2 7726-95-6

R11 (CFCl3) 75-69-4 I2 7553-56-2

R12 (CF2Cl2) 75-71-8 CO2 124-38-9

R12B1 (CBrClF2) 353-59-3 CS2 75-15-0

R12B2 (CBr2F2) 75-61-6 C2H2 74-86-2

R13 (CF3Cl) 75-72-9 C2H4 74-85-1

R13B1 (CBrF3) 75-63-8 C2H6 74-84-0

R20 (CHCl3) 67-66-3 Propadiene (CH2=C=CH2) 463-49-0

R21 (CHFCl2) 75-43-4 Propyne (CH3−C≡CH) 74-99-7

R22 (CHF2Cl) 75-45-6 Propylene (CH3−CH=CH2) 115-07-1

R23 (CHF3) 75-46-7 SF6 2551-62-4

R30B1 (CH2BrCl) 74-97-5 R10 (CCl4) 56-23-5

R40 (CH3Cl) 74-87-3 R14 (CF4) 75-73-0

R41 (CH3F) 593-53-3 R113 (CFCl2−CF2Cl) 76-13-1

R112a (CCl3−CF2Cl) 76-11-9 R114 (CF2Cl−CF2Cl) 76-14-2

R123 (CHCl2−CF3) 306-83-2 R114B2 (CBrF2−CBrF2) 124-73-2

R123B1 (CHClBr−CF3) 151-67-7 R115 (CF3−CF2Cl) 76-15-3

R124 (CHFCl−CF3) 2837-89-0 R116 (C2F6) 76-16-4

R125 (CHF2−CF3) 354-33-6 R134 (CHF2−CHF2) 359-35-3

R130a (CH2Cl−CCl3) 630-20-6 R150B2 (CH2Br−CH2Br) 106-93-4

R134a (CH2F−CF3) 811-97-2 R1110 (C2Cl4) 127-18-4

R140 (CHCl2−CH2Cl) 79-00-5 R1114 (C2F4) 116-14-3

R140a (CCl3−CH3) 71-55-6 R1120 (CHCl=CCl2) 79-01-6

31



Table 2

Binary interaction parameter ξ, experimental bubble point used for the adjustment with reference,

simulation results with adjusted ξ, and binary parameter of the Peng-Robinson EOS kij.

Mixture (1+2) ξ T x1 pexp psim y
exp
1 ysim

1 kij Ref.

K mol/mol MPa MPa mol/mol mol/mol

Ne + Ar 0.826 110.78 0.024 2.734 2.78 (7) 0.670 0.69 (1) 0.203 [50]

Ne + Kr 0.733 178.15 0.072 10.12 9.8 (2) 0.638 0.666(7) 0.035 [51]

Ne + N2 0.928 82.70 0.089 3.04 3.02 (2) 0.906 0.904(3) 0.111 [52]

Ne + O2 0.921 110.39 0.252 20.94 20.5 (3) 0.808 0.844(4) 0.139 [53]

Ne + CO2 1.124 273.15 0.038 8.84 8.84 (1) 0.445 0.466(1) 0.100 [54]

Ar + Kr 0.989 138.15 0.176 0.772 0.766(7) 0.583 0.590(3) 0.010 [55]

Ar + CH4 0.964 123.05 0.541 0.912 0.915(8) 0.848 0.839(3) 0.037 [56]

Ar + O2 0.988 104.51 0.148 0.386 0.389(5) 0.190 0.178(4) 0.015 [57]

Ar + CO2 0.999 288.15 0.099 8.754 8.48 (8) – 0.243(4) 0.170 [58]

Ar + C2H6 0.978 115.50 0.505 0.68 0.65 (4) – 0.995(1) 0.050 [59]

Ar + Propylene 1.019 150.00 0.328 4.374 4.3 (2) – 0.910(8) – [60]

Ar + R10 0.964 348.15 0.292 27.86 26.0 (1) – 0.980(8) 0.130 [61]

Ar + R14 1.024 203.68 0.179 3.65 3.67 (5) 0.431 0.436(5) 0.010 [62]

Ar + R22 0.989 323.15 0.227 10.13 10.1 (2) 0.596 0.60 (1) 0.104 [63]

Kr + Xe 0.989 200.64 0.463 2.07 2.09 (2) 0.787 0.805(2) 0.010 [64]

Kr + C2H4 1.020 115.77 0.492 0.048 0.050(4) 0.990 0.998(1) 0.050 [65]

Kr + C2H6 1.023 278.98 0.225 4.751 4.82 (5) 0.424 0.398(1) 0.033 [66]

Kr + Propylene 1.001 200.00 0.333 1.648 1.65 (4) – 0.980(5) 0.050 [60]

Xe + C2H6 0.984 292.00 0.528 4.737 4.80 (5) 0.561 0.579(2) 0.010 [67]

Xe + R40 0.973 182.32 0.478 0.18 0.18 (2) 0.993 0.990(6) 0.074 [68]

Xe + R41 0.928 182.33 0.472 0.235 0.23 (2) 0.831 0.91 (4) 0.120 [69]

Xe + R116 1.010 173.11 0.552 0.153 0.154(3) 0.857 0.877(6) 0.120 [70]

CH4 + Kr 0.998 174.55 0.455 2.268 2.284(1) 0.516 0.516(3) 0.005 [71]

CH4 + CO2 0.962 230.00 0.318 5.57 5.61 (4) 0.764 0.766(3) 0.084 [72]

CH4 + C2H4 1.022 223.15 0.398 4.053 4.09 (4) 0.734 0.696(5) 0.034 [73]

CH4 + C2H6 0.997 172.04 0.504 1.24 1.21 (1) 0.966 0.969(3) 0.001 [74]

CH4 + Propylene 1.032 190.00 0.667 2.815 2.80 (2) 0.992 0.997(1) 0.010 [75]

CH4 + R12 1.052 298.20 0.431 7.4 7.28 (7) 0.829 0.827(4) 0.030 [76]

CH4 + R14 1.030 98.00 0.688 0.026 0.023(2) 0.982 0.998(1) 0.115 [77]
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Table 2: continued.

CH4 + R22 1.021 263.20 0.540 9.80 9.2 (2) 0.844 0.884(5) 0.055 [76]

N2 + Ar 1.010 122.89 0.390 2.006 1.999(9) 0.495 0.501(2) -0.015 [78]

N2 + Kr 0.989 125.00 0.247 1.044 1.02 (3) 0.852 0.855(6) 0.008 [79]

N2 + CH4 0.958 140.00 0.519 3.080 3.07 (2) 0.777 0.785(2) 0.026 [80]

N2 + O2 1.007 105.00 0.500 0.743 0.734(9) 0.702 0.709(4) 0.012 [81]

N2 + CO 1.007 83.82 0.445 0.167 0.174(1) 0.56 0.544(1) 0.028 [82]

N2 + CO2 1.041 270.00 0.132 9.290 9.2 (4) 0.417 0.43 (2) 0.017 [83]

N2 + C2H4 0.926 200.00 0.181 6.033 6.9 (2) 0.829 0.849(6) 0.065 [84]

N2 + C2H6 0.974 200.00 0.026 1.043 1.07 (1) 0.753 0.766(1) 0.052 [84]

N2 + Propylene 0.959 290.00 0.203 11.138 10.5 (1) 0.751 0.766(6) 0.088 [84]

N2 + R12 1.000 295.15 0.370 15.199 14.8 (4) 0.830 0.850(5) 0.002 [85]

N2 + R12B1 0.942 313.20 0.106 7.0 6.85 (8) 0.882 0.884(2) 0.054 [86]

N2 + R13 1.045 253.15 0.285 7.0 6.92 (4) 0.680 0.677(5) 0.060 [87]

N2 + R13B1 1.022 313.20 0.200 7.4 7.5 (2) 0.385 0.371(9) 0.076 [86]

N2 + R22 1.000 348.15 0.145 8.26 8.3 (1) 0.380 0.36 (1) 0.000 [88]

N2 + R23 1.042 179.80 0.450 15.8 15.8 (6) – 0.852(9) 0.030 [89]

O2 + Kr 1.050 100.00 0.536 0.162 0.163(6) 0.944 0.946(3) 0.030 [90]

O2 + CO2 0.979 253.15 0.092 6.079 6.68 (9) 0.537 0.556(7) 0.048 [91]

Cl2 + R12 0.975 298.15 0.532 0.805 0.81 (3) 0.571 0.59 (2) 0.026 [92]

Cl2 + R140 0.948 313.00 0.083 0.101 0.100(6) – 0.91 (5) 0.010 [46]

Cl2 + R140a 0.930 313.00 0.063 0.101 0.102(4) – 0.72 (2) 0.020 [46]

Cl2 + R150a 0.967 293.00 0.104 0.101 0.099(3) – 0.78 (1) 0.030 [46]

Br2 + R10 0.995 336.25 0.342 0.098 0.098(3) 0.536 0.55 (1) 0.020 [93]

Br2 + R112a 0.967 344.15 0.238 0.101 0.101(2) 0.600 0.60 (1) 0.030 [94]

CO + Ar 0.992 83.00 0.534 0.108 0.108(5) – 0.65 (2) 0.040 [95]

CO + CH4 1.003 123.40 0.360 0.988 1.07 (1) 0.800 0.796(3) 0.026 [96]

CO + CO2 1.080 263.15 0.210 10.32 11.2 (2) 0.496 0.392(9) 0.034 [97]

CO + C2H6 1.000 248.15 0.056 2.758 3.15 (3) 0.452 0.487(7) 0.020 [98]

CO + R30 0.816 333.15 0.014 2.45 2.37 (4) 0.885 0.91 (1) 0.050 [99]

CO2 + Cl2 0.936 243.15 0.140 0.507 0.57 (1) 0.800 0.778(8) 0.093 [100]

CO2 + CS2 0.918 360.00 0.354 11.5 11.6 (1) 0.875 0.914(3) 0.002 [101]

CO2 + C2H2 1.000 297.90 0.500 5.5 5.50 (1) – 0.520(5) 0.007 [102]

CO2 + C2H6 0.954 263.15 0.425 2.9 2.98 (3) 0.514 0.524(3) 0.132 [103]

CO2 + Propylene 0.915 273.15 0.231 1.51 1.52 (1) 0.630 0.631(5) 0.095 [104]

CO2 + R12 0.927 273.00 0.714 2.65 2.67 (2) – 0.932(4) 0.069 [105]
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Table 2: continued.

CO2 + R20 0.945 333.15 0.569 6.45 6.3 (1) 0.962 0.972(4) 0.032 [106]

CO2 + R22 1.006 273.15 0.560 1.99 2.07 (2) 0.848 0.853(3) 0.007 [107]

CO2 + R23 0.997 263.35 0.417 2.292 2.34 (2) 0.482 0.503(5) 0.011 [107]

CO2 + R30 0.923 326.95 0.550 6.246 6.3 (1) – 0.970(7) 0.063 [108]

CO2 + R32 1.050 280.00 0.486 2.51 2.48 (2) 0.724 0.732(4) 0.033 [109]

CO2 + R40 0.990 282.65 0.534 2.53 2.45 (7) 0.861 0.90 (1) 0.001 [110]

CO2 + R41 1.024 290.00 0.662 4.53 4.42 (8) 0.720 0.720(8) 0.010 [111]

CO2 + R125 1.021 304.60 0.450 3.34 3.31 (4) 0.630 0.640(7) 0.050 [112]

CO2 + R134a 0.982 329.60 0.510 5.37 5.43 (9) 0.707 0.710(8) 0.010 [113]

CO2 + R140 0.902 323.20 0.662 6.89 7.26 (7) 0.995 0.990(1) 0.092 [114]

CO2 + R140a 0.889 323.17 0.462 4.88 4.85 (6) 0.983 0.983(5) 0.080 [115]

CO2 + R142b 0.952 318.30 0.551 4.71 4.73 (5) 0.848 0.873(4) 0.200 [116]

CO2 + R152a 1.004 347.70 0.392 5.53 5.58 (7) 0.580 0.610(7) 0.005 [116]

CS2 + R10 1.029 318.15 0.468 0.069 0.069(2) 0.717 0.72 (1) 0.002 [117]

CS2 + R20 1.007 353.15 0.500 0.247 0.23 (4) – 0.7 (1) 0.020 [118]

CS2 + R1110 1.025 318.15 0.298 0.04 0.041(2) 0.880 0.89 (1) 0.020 [119]

CH3I + CS2 1.000 317.15 0.122 0.101 0.102(4) – 0.16 (1) 0.040 [120]

CH3I + R10 0.971 298.15 0.558 0.04 0.038(1) 0.811 0.80 (1) 0.010 [121]

CH3I + R20 0.994 308.15 0.492 0.06 0.059(2) – 0.68 (2) 0.010 [122]

C2H2 + R10 0.890 393.15 0.480 9.11 9.1 (2) – 0.895(8) 0.080 [123]

C2H2 + R152a 1.090 303.20 0.569 2.5 2.45 (8) 0.837 0.87 (2) 0.085 [124]

C2H4 + Xe 1.010 269.54 0.499 3.98 4.00 (3) 0.502 0.499(4) 0.020 [125]

C2H4 + CO2 0.944 243.15 0.087 1.588 1.51 (2) 0.156 0.162(5) 0.055 [126]

C2H4 + C2H2 0.975 255.37 0.980 2.682 2.72 (2) 0.979 0.994(2) 0.064 [127]

C2H4 + C2H6 1.037 233.15 0.500 1.132 1.151(9) 0.622 0.622(4) 0.040 [128]

C2H4 + Propylene 0.996 263.07 0.625 2.067 2.08 (1) 0.884 0.882(2) 0.021 [129]

C2H4 + R10 1.003 323.15 0.473 4.37 4.33 (7) 0.981 0.985(3) -0.010 [130]

C2H4 + R20 1.001 323.15 0.539 5.066 4.9 (1) 0.976 0.93 (2) 0.030 [131]

C2H4 + R22 1.026 213.15 0.030 0.062 0.063(2) – 0.29 (1) 0.022 [132]

C2H4 + R30 1.070 423.15 0.250 6.03 6.20 (8) 0.60 0.647(8) 0.080 [133]

C2H4 + R30B1 0.946 373.15 0.210 6.08 6.02 (6) 0.905 0.915(5) 0.050 [134]

C2H4 + R1140 0.945 313.15 0.539 4.9 4.94 (4) 0.902 0.856(2) 0.100 [135]

C2H6 + C2H2 0.968 277.59 0.180 3.544 3.89 (2) 0.243 0.262(3) 0.156 [136]

C2H6 + Propylene 1.015 310.93 0.260 2.41 2.51 (2) 0.447 0.438(4) 0.007 [137]

C2H6 + R22 0.981 293.24 0.551 2.76 2.78 (3) 0.762 0.753(3) 0.090 [138]
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Table 2: continued.

Propylene + Propadiene 0.991 293.15 0.464 0.852 0.88 (2) 0.545 0.56 (1) 0.020 [139]

Propylene + Propyne 1.003 313.15 0.566 1.442 1.46 (2) – 0.639(6) 0.050 [140]

Propylene + R10 1.005 333.15 0.282 0.766 0.79 (4) – 0.90 (2) 0.020 [141]

Propylene + R12 0.998 283.00 0.529 0.63 0.62 (1) 0.654 0.66 (1) 0.026 [142]

Propylene + R20 0.975 293.15 0.361 0.455 0.46 (3) – 0.950(1) 0.010 [141]

Propylene + R22 0.982 283.00 0.147 0.73 0.71 (2) 0.187 0.171(6) 0.036 [142]

Propylene + R114 0.966 298.00 0.514 0.745 0.72 (2) 0.807 0.810(7) 0.050 [142]

Propylene + R115 0.948 298.00 0.549 1.244 1.24 (2) 0.607 0.59 (1) 0.080 [142]

Propylene + R134a 0.924 298.00 0.204 0.95 0.95 (2) 0.399 0.383(8) 0.105 [142]

Propylene + R142b 0.987 298.00 0.443 0.73 0.71 (1) 0.701 0.705(9) 0.035 [142]

Propylene + R152a 0.933 298.15 0.281 0.94 0.95 (1) 0.431 0.483(6) 0.100 [143]

Propylene + R1110 1.008 293.15 0.441 0.534 0.49 (6) – 0.998(5) 0.010 [141]

Propylene + R1120 0.983 303.15 0.275 0.507 0.55 (4) – 0.94 (3) 0.050 [144]

Propylene + R1140 1.029 293.15 0.542 0.687 0.69 (1) 0.781 0.775(5) 0.050 [145]

SF6 + R12 0.984 319.78 0.330 2.1 2.10 (3) 0.534 0.540(5) 0.050 [146]

SF6 + R13B1 0.999 296.70 0.339 1.93 1.94 (4) 0.407 0.410(7) 0.035 [146]

SF6 + R22 0.915 318.58 0.154 2.406 2.42 (4) 0.307 0.300(8) 0.100 [146]

SF6 + R32 0.790 310.00 0.480 4.041 4.07 (7) 0.523 0.517(8) 0.190 [109]

SF6 + R114 1.050 270.80 0.011 0.087 0.088(4) – 0.065(4) 0.070 [48]

R10 + R140 0.955 360.05 0.490 0.099 0.097(3) 0.750 0.74 (1) 0.120 [147]

R10 + R150B2 0.987 323.15 0.533 0.028 0.027(2) – 0.88 (1) 0.000 [148]

R10 + R1110 0.967 343.15 0.488 0.05 0.05 (2) 0.808 0.81 (1) 0.005 [149]

R10 + R1120 0.998 354.64 0.506 0.101 0.097(3) 0.577 0.588(1) 0.010 [150]

R12 + R10 0.991 297.75 0.090 0.101 0.101(3) – 0.877(5) 0.040 [49]

R12 + R11 1.001 343.00 0.439 1.025 0.99 (1) 0.739 0.721(5) 0.010 [151]

R12 + R113 1.014 293.15 0.513 0.27 0.28 (2) 0.936 0.94 (2) 0.030 [152]

R12 + R114 0.989 313.15 0.523 0.668 0.69 (2) 0.727 0.70 (2) 0.010 [153]

R12 + R142b 0.960 303.00 0.414 0.583 0.59 (4) – 0.58 (3) 0.040 [154]

R12 + R152a 0.936 323.01 0.269 1.39 1.40 (3) – 0.320(5) 0.060 [155]

R12B2 + R114B2 1.030 306.70 0.500 0.101 0.099(3) 0.670 0.70 (1) 0.010 [156]

R13 + Propylene 0.970 273.00 0.568 1.5 1.48 (2) 0.738 0.743(4) 0.059 [142]

R13 + R11 0.975 253.15 0.568 0.73 0.73 (2) – 0.986(2) 0.030 [157]

R13 + R12 0.971 290.00 0.549 1.836 1.80 (3) 0.809 0.800(6) 0.030 [158]
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Table 2: continued.

R13 + R13B1 0.992 273.00 0.566 1.46 1.42 (2) 0.712 0.699(6) 0.010 [159]

R13 + R113 0.980 348.15 0.499 3.55 3.54 (6) – 0.890(6) 0.010 [160]

R13 + R134a 0.955 273.00 0.464 1.28 1.27 (1) 0.809 0.806(5) 0.090 [159]

R13B1 + Propylene 0.998 298.00 0.545 1.5 1.49 (1) 0.591 0.607(5) 0.032 [142]

R13B1 + R12 1.002 364.36 0.214 3.42 3.42 (3) – 0.270(4) 0.003 [161]

R13B1 + R22 0.975 328.15 0.635 2.95 2.99 (4) – 0.674(4) 0.031 [162]

R13B1 + R114 1.038 343.15 0.534 2.09 2.07 (3) – 0.777(6) 0.030 [163]

R13B1 + R115 1.018 343.15 0.509 3.24 3.20 (3) – 0.554(4) 0.015 [163]

R13B1 + R125 0.969 298.15 0.514 1.682 1.68 (1) 0.538 0.548(4) 0.063 [164]

R14 + Propylene 0.872 210.00 0.479 1.75 1.73 (4) 0.970 0.968(4) 0.050 [165]

R14 + SF6 0.978 273.00 0.388 3.83 3.75 (5) 0.618 0.619(6) 0.010 [166]

R14 + R12 0.893 174.60 0.133 0.32 0.32 (4) 0.992 0.987(6) 0.130 [167]

R14 + R13 0.972 288.70 0.108 3.699 3.59 (6) 0.175 0.190(5) 0.050 [168]

R14 + R22 0.895 289.65 0.285 5.287 5.30 (8) – 0.720(7) 0.105 [62]

R14 + R23 0.876 224.82 0.435 2.29 2.26 (4) 0.776 0.790(5) 0.115 [169]

R14 + R41 0.920 130.00 0.061 0.03 0.03 (1) 0.990 0.998(1) – [170]

R14 + R152a 0.982 174.91 0.550 0.459 0.45 (7) 0.998 0.998(1) 0.100 [167]

R20 + R10 0.958 328.15 0.499 0.068 0.068(2) 0.618 0.61 (1) 0.005 [171]

R20 + R1110 0.931 356.95 0.358 0.101 0.10 (1) 0.805 0.80 (5) 0.023 [172]

R22 + Cl2 0.955 283.15 0.100 0.59 0.58 (1) – 0.22 (1) 0.061 [173]

R22 + CS2 0.950 323.15 0.509 1.448 1.47 (2) 0.923 0.928(2) 0.092 [107]

R22 + R10 0.929 383.00 0.524 3.097 3.08 (3) 0.907 0.916(3) 0.003 [174]

R22 + R11 0.956 348.15 0.543 1.98 2.00 (2) – 0.827(4) 0.045 [175]

R22 + R12 0.974 343.81 0.498 2.61 2.61 (3) 0.574 0.570(5) 0.034 [176]

R22 + R21 0.982 293.33 0.536 0.585 0.59 (2) 0.891 0.87 (2) 0.010 [177]

R22 + R113 0.929 372.20 0.506 2.5 2.55 (4) – 0.833(7) 0.040 [178]

R22 + R114 0.924 338.15 0.487 1.732 1.73 (3) 0.722 0.73 (1) 0.060 [153]

R22 + R115 0.931 336.75 0.518 2.781 2.75 (4) 0.546 0.549(7) 0.055 [179]

R22 + R123 0.976 383.15 0.374 2.52 2.50 (3) 0.642 0.645(7) 0.010 [176]

R22 + R124 0.999 283.15 0.500 0.444 0.428(4) 0.706 0.700(1) -0.005 [180]

R22 + R134a 0.988 343.81 0.506 2.66 2.65 (2) 0.550 0.563(5) 0.010 [181]

R22 + R142b 0.985 328.15 0.560 1.52 1.50 (3) 0.732 0.730(8) 0.010 [182]

R22 + R152a 1.019 313.15 0.519 1.19 1.20 (3) 0.624 0.61 (3) 0.000 [182]

R23 + CS2 0.852 398.15 0.191 14.07 13.6 (5) 0.774 0.790(8) 0.150 [107]
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Table 2: continued.

R23 + Propylene 0.891 265.00 0.189 1.0 1.00 (2) 0.552 0.580(6) 0.115 [159]

R23 + SF6 0.849 295.00 0.476 3.905 3.84 (4) 0.542 0.548(4) 0.120 [109]

R23 + R11 0.849 348.10 0.400 5.23 5.15 (7) – 0.847(5) 0.130 [95]

R23 + R12 0.883 243.00 0.600 0.774 0.74 (3) – 0.897(6) 0.100 [183]

R23 + R13 0.902 273.15 0.538 2.732 2.75 (3) 0.564 0.562(6) 0.101 [184]

R23 + R13B1 0.906 268.15 0.415 1.619 1.57 (3) 0.600 0.629(9) 0.100 [164]

R23 + R22 0.962 323.15 0.524 4.575 4.55 (3) 0.644 0.646(4) 0.025 [107]

R23 + R113 0.812 348.10 0.415 4.72 4.65 (5) – 0.910(5) 0.100 [185]

R23 + R114 0.836 348.00 0.300 3.54 3.55 (3) – 0.680(6) 0.120 [186]

R23 + R115 0.880 330.14 0.202 3.253 3.29 (4) 0.349 0.342(6) 0.120 [146]

R23 + R116 0.840 280.15 0.299 3.04 2.92 (3) – 0.370(5) 0.120 [187]

R23 + R134a 0.956 293.15 0.401 1.75 1.79 (2) 0.750 0.715(7) 0.001 [188]

R23 + R142b 0.930 273.11 0.362 0.99 1.00 (2) 0.861 0.873(7) 0.050 [167]

R23 + R143a 0.956 293.15 0.550 2.52 2.54 (2) 0.727 0.719(3) 0.000 [189]

R23 + R152a 0.982 293.15 0.550 2.11 2.12 (3) 0.835 0.828(7) 0.000 [189]

R30 + CH3I 1.040 298.15 0.498 0.058 0.058(1) 0.516 0.54 (1) 0.001 [121]

R30 + R10 0.979 318.15 0.450 0.082 0.081(2) 0.753 0.741(9) 0.001 [190]

R30 + R20 1.014 318.15 0.500 0.090 0.091(2) 0.676 0.709(9) -0.010 [190]

R30 + R30B1 0.990 322.35 0.502 0.101 0.102(2) 0.717 0.745(7) 0.005 [191]

R30 + R30B2 1.000 331.25 0.436 0.101 0.101(2) 0.775 0.800(1) 0.010 [191]

R30 + R140a 0.994 432.40 0.500 1.36 1.36 (1) – 0.660(4) 0.001 [192]

R30 + R1110 0.950 333.00 0.350 0.101 0.102(2) 0.907 0.908(6) 0.010 [193]

R30B1 + R10 0.921 313.15 0.242 0.034 0.035(2) 0.340 0.37 (2) 0.010 [194]

R30B1 + R30B2 0.972 355.08 0.372 0.101 0.102(2) 0.599 0.527(9) 0.010 [191]

R32 + Cl2 0.965 283.15 0.352 1.111 1.12 (2) – 0.595(8) 0.148 [173]

R32 + R12 0.941 283.15 0.180 0.783 0.782(9) 0.502 0.488(6) 0.013 [195]

R32 + R22 1.052 283.15 0.502 0.908 0.92 (1) 0.604 0.567(7) 0.130 [195]

R32 + R30 0.812 313.20 0.440 1.372 1.39 (2) 0.912 0.917(2) 0.055 [196]

R32 + R40 1.012 283.15 0.392 0.777 0.772(9) 0.663 0.649(6) 0.061 [195]

R32 + R115 0.827 298.15 0.736 1.92 1.93 (2) – 0.724(5) 0.130 [197]

R32 + R123 0.982 313.95 0.478 1.29 1.303(1) 0.909 0.894(3) 0.045 [198]

R32 + R125 0.910 308.15 0.495 2.066 2.150(8) 0.53 0.54 (1) 0.015 [199]

R32 + R134a 1.109 289.99 0.566 1.005 0.994(2) – 0.709(6) 0.001 [200]

R32 + R142b 0.955 314.95 0.435 1.45 1.50 (1) 0.725 0.730(4) 0.035 [189]

R32 + R143a 0.883 313.15 0.439 2.22 2.30 (4) 0.491 0.490(6) 0.015 [201]
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Table 2: continued.

R32 + R152a 0.995 323.15 0.260 1.775 1.76 (2) 0.463 0.419(5) 0.041 [202]

R40 + R30 0.964 278.15 0.476 0.151 0.145(3) – 0.900(6) 0.020 [203]

R41 + R40 0.982 182.33 0.584 0.032 0.031(2) 0.975 0.974(4) 0.020 [204]

R113 + Br2 0.940 319.25 0.820 0.101 0.103(9) 0.370 0.33 (6) 0.001 [94]

R113 + R123B1 0.998 308.15 0.103 0.06 0.059(2) – 0.130(8) 0.006 [205]

R114 + R21 0.950 338.37 0.404 0.695 0.71 (1) 0.479 0.440(7) 0.030 [206]

R114 + R113 1.019 294.15 0.442 0.101 0.101(3) 0.770 0.79 (1) 0.010 [207]

R115 + R114 1.000 369.50 0.269 1.98 1.99 (2) – 0.428(4) 0.010 [208]

R116 + CO2 0.867 227.60 0.583 0.88 0.964(1) 0.380 0.382(1) 0.028 [209]

R116 + Propylene 0.888 275.00 0.563 1.8 1.82 (3) 0.687 0.702(6) 0.150 [142]

R116 + R22 0.878 288.15 0.560 2.325 2.30 (5) 0.741 0.688(4) 0.100 [210]

R116 + R32 0.768 253.55 0.385 1.20 1.21 (2) – 0.624(3) 0.180 [209]

R116 + R41 0.775 225.45 0.529 0.69 0.68 (1) – 0.44 (2) 0.170 [211]

R116 + R115 1.000 285.10 0.500 1.52 1.48 (1) 0.682 0.716(3) 0.020 [212]

R116 + R134a 0.881 275.00 0.300 1.17 1.17 (3) 0.730 0.72 (1) 0.095 [142]

R123B1 + R10 1.002 318.15 0.431 0.06 0.057(2) 0.651 0.64 (1) 0.010 [205]

R123B1 + R20 0.978 318.15 0.452 0.074 0.074(2) 0.544 0.55 (1) 0.001 [205]

R123B1 + R140a 1.006 318.15 0.456 0.059 0.058(1) 0.646 0.63 (1) -0.007 [205]

R124 + R142b 0.990 312.15 0.508 0.536 0.536(8) 0.536 0.530(7) 0.000 [154]

R125 + R115 0.927 298.15 0.821 1.369 1.33 (5) 0.836 0.815(7) 0.070 [213]

R125 + R134a 0.999 323.00 0.484 1.9 1.85 (2) 0.590 0.588(4) 0.009 [214]

R125 + R143a 0.987 264.01 0.503 0.466 0.504(5) 0.516 0.526(6) – [215]

R125 + R152a 0.989 333.02 0.551 2.35 2.35 (3) 0.674 0.641(6) 0.000 [216]

R134 + R142b 0.998 254.95 0.596 0.101 0.103(3) – 0.72 (1) 0.010 [142]

R134 + R152a 1.075 253.45 0.278 0.101 0.101(3) – 0.167(7) 0.070 [217]

R134a + R12 0.943 298.00 0.219 0.772 0.74 (2) 0.302 0.30 (1) 0.090 [142]

R134a + R114 0.899 298.00 0.534 0.538 0.54 (1) 0.746 0.76 (1) 0.080 [159]

R134a + R123 0.940 332.74 0.489 0.99 0.99 (2) 0.791 0.81 (1) 0.045 [218]

R134a + R124 0.971 307.25 0.486 0.707 0.72 (2) 0.605 0.59 (1) 0.030 [154]

R134a + R141b 0.935 333.15 0.520 1.07 1.08 (2) 0.822 0.840(6) 0.052 [219]

R134a + R142b 0.960 298.00 0.451 0.51 0.51 (3) 0.600 0.60 (3) 0.025 [142]

R134a + R152a 1.003 323.08 0.485 1.226 1.22 (3) 0.505 0.50 (1) 0.001 [220]

R140 + R130a 1.003 399.75 0.186 0.101 0.100(2) 0.260 0.262(8) 0.020 [221]

R140 + R1110 0.974 390.50 0.232 0.101 0.100(3) 0.308 0.289(1) 0.010 [222]

R140a + R10 1.010 298.15 0.506 0.017 0.016(1) – 0.53 (2) -0.001 [223]
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Table 2: continued.

R141b + R140a 0.996 323.25 0.200 0.076 0.075(2) 0.502 0.50 (1) 0.010 [195]

R142b + R113 0.952 373.00 0.502 1.25 1.27 (4) – 0.77 (2) 0.030 [186]

R142b + R140a 0.945 323.25 0.481 0.383 0.42 (4) 0.931 0.94 (2) 0.030 [195]

R142b + R141b 0.994 323.25 0.490 0.433 0.44 (2) 0.749 0.74 (2) 0.010 [195]

R143a + R12 0.936 313.00 0.600 1.71 1.65 (4) – 0.675(8) 0.080 [183]

R143a + R22 1.023 275.00 0.500 0.589 0.58 (3) 0.546 0.54 (3) 0.000 [224]

R143a + R134a 0.994 293.15 0.442 0.798 0.816(7) 0.567 0.570(5) 0.013 [225]

R143a + R152a 0.977 313.15 0.447 1.34 1.40 (1) 0.571 0.570(4) 0.001 [225]

R143a + R1122 0.958 313.50 0.708 1.57 1.56 (2) – 0.800(4) 0.030 [132]

R150a + R10 0.937 335.63 0.506 0.101 0.104(3) 0.661 0.65 (1) 0.030 [226]

R150a + R20 1.000 302.86 0.456 0.033 0.032(1) 0.494 0.51 (2) – [227]

R150a + R140 1.010 349.15 0.500 0.101 0.09 (2) 0.853 0.87 (5) 0.015 [221]

R152a + R12B1 0.921 293.15 0.385 0.44 0.44 (2) – 0.63 (2) 0.085 [228]

R152a + R113 0.883 348.20 0.462 1.246 1.24 (3) – 0.85 (1) 0.080 [185]

R152a + R114 0.897 345.50 0.392 1.53 1.471(2) – 0.592(5) 0.110 [229]

R152a + R142b 0.963 347.60 0.461 1.72 1.74 (2) 0.544 0.550(5) 0.045 [230]

R152a + R150a 0.963 323.20 0.488 0.67 0.64 (7) 0.900 0.91 (2) 0.030 [124]

R152a + R1140 0.975 323.20 0.505 1.05 1.06 (1) 0.578 0.600(4) 0.030 [203]

R160B1 + CS2 1.018 286.15 0.074 0.032 0.032(2) 0.145 0.10 (1) 0.040 [231]

R1114 + R32 0.932 253.15 0.391 0.885 0.88 (4) 0.607 0.64 (3) 0.130 [232]

R1120 + R1110 0.954 380.85 0.262 0.101 0.102(3) 0.512 0.50 (2) 0.010 [233]

R1140 + R140 0.980 346.15 0.517 0.703 0.72 (5) – 0.95 (1) 0.010 [234]

R1140 + R1120 1.037 298.15 0.180 0.067 0.065(2) – 0.886(9) -0.030 [235]
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Table 3

List of the eight binary mixtures for which the present molecular mixture models show larger deviations.

Ne + Xe [236] Ne + R14 [237] C2H2 + Propylene [239] Propylene + R30 [99]

Ne + R13 [237] N2 + R14 [238] C2H2 + Propyne [239] R13 + R114 [240]
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Table 1

List of the eight binary mixtures for which experimental VLE data is available on the dew line only.

Ne + C2H6 [1] Xe + I2 [2] N2 + R10 [4] CO2 + R10 [4]

Ne + C2H4 [1] I2 + CO2 [3] CO2 + Kr [5] R143a + R12B1 [6]

Table 2

List of the 11 binary mixtures for which experimental VLE data is available for dilute state points only.

Ar + R113 [7] N2 + CS2 [8] CO2 + SF6 [10] SF6 + R113 [11]

CH4 + CS2 [8] N2 + R113 [7] CO2 + R113 [7] R13 + R10 [12]

CH4 + R113 [7] Cl2 + R130a [9] SF6 + CS2 [8]
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Fig. 1. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 2. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 3. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 4. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 5. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 6. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 7. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 8. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 9. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 10. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 11. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 12. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 13. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 14. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 15. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 16. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 17. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 18. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 19. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 20. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 21. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 22. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 23. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 24. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 25. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 26. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 27. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 28. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 29. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 30. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 31. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 32. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 33. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 34. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 35. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 36. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 37. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 38. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 39. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 40. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 41. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 42. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 43. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

46



Fig. 44. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 45. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 46. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 47. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 48. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 49. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 50. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 51. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 52. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

55



Fig. 53. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 54. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 55. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 56. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 57. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 58. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 59. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

62



Fig. 60. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 61. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 62. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

65



Fig. 63. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 64. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 65. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 66. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 67. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 68. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 69. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 70. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 71. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 72. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 73. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 74. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 75. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 76. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 77. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 78. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 79. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 80. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 81. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 82. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

85



Fig. 83. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 84. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 85. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 86. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

89



Fig. 87. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 88. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 89. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 90. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 91. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 92. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 93. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 94. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 95. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 96. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 97. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 98. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 99. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 100. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 101. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 102. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 103. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 104. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 105. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 106. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 107. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 108. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 109. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 110. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 111. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 112. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 113. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 114. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 115. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 116. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 117. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 118. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 119. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 120. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 121. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 122. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 123. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 124. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 125. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 126. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 127. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 128. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 129. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 130. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

133



Fig. 131. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 132. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 133. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 134. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 135. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 136. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 137. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 138. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 139. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 140. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 141. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 142. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 143. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 144. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 145. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 146. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 147. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 148. Binary vapor-liquid equilibrium phase diagram: simulation data • and experimental data +
(cf. Table 2 of the manuscript for the reference).
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Fig. 149. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 150. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 151. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 152. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 153. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 154. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 155. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 156. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 157. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 158. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 159. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 160. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 161. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 162. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 163. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 164. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 165. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 166. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 167. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 168. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 169. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 170. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 171. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 172. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 173. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

176



Fig. 174. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

177



Fig. 175. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 176. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 177. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 178. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 179. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 180. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 181. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 182. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 183. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 184. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 185. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 186. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 187. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 188. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

191



Fig. 189. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

192



Fig. 190. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 191. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

194



Fig. 192. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 193. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

196



Fig. 194. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

197



Fig. 195. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

198



Fig. 196. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 197. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 198. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 199. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 200. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 201. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 202. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 203. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 204. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 205. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 206. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 207. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 208. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 209. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 210. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

213



Fig. 211. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 212. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 213. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 214. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

217



Fig. 215. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 216. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

219



Fig. 217. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 218. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 219. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 220. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 221. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

224



Fig. 222. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 223. Binary vapor-liquid equilibrium phase diagram: simulation data • and experimental data +
(cf. Table 2 of the manuscript for the reference).
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Fig. 224. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 225. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 226. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 227. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 228. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 229. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 230. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 231. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

234



Fig. 232. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 233. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 234. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 235. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.

238



Fig. 236. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 237. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 238. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 239. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 240. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 241. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 242. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 243. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 244. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 245. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 246. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 247. Binary vapor-liquid equilibrium phase diagram: simulation data • and experimental data +
(cf. Table 2 of the manuscript for the reference).
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Fig. 248. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 249. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 250. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 251. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 252. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 253. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 254. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 255. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 256. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 257. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 258. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 259. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 2 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 260. Binary vapor-liquid equilibrium phase diagram: simulation data • and experimental data +
(cf. Table 3 of the manuscript for the reference).
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Fig. 261. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 3 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 262. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 3 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 263. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 3 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 264. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 3 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 265. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 3 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 266. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 3 of the manuscript for the reference) and Peng-Robinson equation of state —.
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Fig. 267. Binary vapor-liquid equilibrium phase diagram: simulation data •, experimental data + (cf.
Table 3 of the manuscript for the reference) and Peng-Robinson equation of state —.
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