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A B S T R A C T   

This work focuses on the assessment of biobased solvents for the industrial separation of acetone and diisopropyl 
ether employing extractive distillation. From the experimental screening of 35 (biobased) solvents at 1000 mbar, 
84/16 mol ratio acetone/ diisopropyl ether, and a solvent to feed ratio of 1 (mass based) it was observed that DL- 
limonene entrained diisopropyl ether, resulting in an acetone relative volatility of 1.44. This is a consequence of 
the selective repulsion of the low-boiling and more polar acetone by DL-limonene. More extensive vapor-liquid 
equilibrium (VLE) analysis over the entire acetone-diisopropyl ether (pseudo-)binary composition range showed 
that DL-limonene was the only biobased solvent able to break the azeotrope. The experimentally investigated 
VLE data of this ternary system was successfully correlated with the NRTL and UNIQUAC models. The other 
solvents that appeared most interesting in the initial screening were water and ethylene carbonate, entraining 
acetone with the highest observed diispropyl ether relative volatilities of 2.71 and 11.6. Although the high 
induced relative volatility for the 84/16 mol ratio acetone/ diisopropyl ether appeared interesting, over the 
entire composition range this resulted however in a shift in location of the azeotrope rather than removing the 
azeotrope. Therefore, it was concluded that DL-limonene is for this system the best performing biobased 
entrainer of the screening study. The observations are in agreement with observations from literature on similar 
systems, where oxygenated polar solvents were seen to have more affinity towards the ketone than towards the 
ether, while apolar solvents induce a higher volatility of the ketones.   

1. Introduction 

Distillation is the workhorse of the chemical industry as it can 
separate many, complex, mixtures with high efficiencies [1,2]. How-
ever, the efficiency of a traditional distillation column is reduced by non- 
ideal behavior, such as a pinch-point, or even made infeasible when an 
azeotrope is present. Improving the efficiency of these distillation op-
erations can be achieved by smart design [3,4] and/or by the addition of 
a solvent that can break the azeotrope and/or remove the pinch point. 
Enhancing the distillation technique with a solvent has been done 
throughout the years and is called either extractive or azeotropic 
distillation, where the solvent in extractive distillation is typically high- 
boiling and in azeotropic distillation typically low-boiling [5]. Common 
examples for extractive distillation are the separation of aliphatic and 
aromatic compounds with Sulfolane[6] and the separation of olefin and 
paraffin with n-methylpyrrolidone (NMP) [7]. Azeotropic distillation is 
applied for example to dehydration of alcohol with benzene [8,9] and 
acetic acid dehydration with ethyl acetate [10,11]. 

Some frequently used industrial solvents, such as NMP, are toxic and 
subject to restrictive legislation [12–14]. To facilitate enhanced solvent- 
based distillations such as extractive distillation while omitting the use 
of toxic solvents, there is a need for more benign alternative solvents. 
Recently, we have reported the use of biobased solvent Cyrene for 
extractive distillation of unsaturated hydrocarbons from saturated hy-
drocarbons[15]. Not only in apolar hydrocarbon mixtures, but also in 
polar mixtures azeotropes occur, and solvents are needed to fully frac-
tionate azeotropic mixtures. We report here a study on the use of 
alternative solvents produced from sustainable, biobased feedstocks for 
the separation of acetone and diisopropyl ether. This separation is 
relevant in the industrial process of catalytic dehydrogenation of 2-prop-
anol to produce acetone [16]. A side-reaction herein is the dehydration 
of 2-propanol to diisopropyl ether [17,18], and the removal of diiso-
propyl ether from the acetone product is challenging as an azeotrope is 
present [19,20]. 

The addition of a solvent changes the non-ideal behavior of the 
(now) ternary system. Generally, multiple inter- and intramolecular 
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interactions may occur in mixtures, ranging from strong hydrogen bonds 
to dipole interactions and dispersive, London, interactions [21]. Within 
the binary mixture of acetone and diisopropyl ether (or more generally 
in ether and ketone systems), no hydrogen bonds are possible, though 
dipole interactions occur between the ketone and ether molecules, but 
also between the ketones molecules and between ether molecules. These 
dipole interactions are strongly related to the dipole moment of the 
compounds. Due to the fact that the dipole moment of acetone (3.68D 
[22]) is much larger compared to diisopropyl ether (1.13D [23]), 
acetone molecules will preferentially interact with themselves, hence 
diisopropyl ether will tend to escape a phase with primarily acetone 
molecules. This is the reason that the positive azeotrope in the system 
occurs at higher acetone concentrations. The addition of a solvent can 
either introduce more dipole interactions (a polar aprotic solvent), can 
introduce more dipole interactions and hydrogen bond interactions (a 
polar protic solvent), or can reduce the relative extent of dipole in-
teractions (apolar solvent). 

In Fig. 1, an overview has been presented where the solvent affinity 
is mapped within ketone and ether mixtures [17,20,24–28]. The solvent 
effect on the two aprotic polar compounds, or more specifically between 
a ketone and ether, is assessed in several combinations. Overall, 
oxygenated solvents such as alcohols [20,24], butyronitrile [29] and 
ketones [26,29] have more affinity towards the ketone than the ether. 
This is since these solvents have dipole moments and/or hydrogen 
bonding donating capabilities, which preferentially interact with the 
larger dipole moment of acetone. n-Butanol is observed to have the 
opposite affinity, due to the long hydrocarbon tail [29]. Observations by 
Berg et al. [17] are similar, as they propose nitriles, alcohols, glycols, 
dimethylsulfoxide, Sulfolane, n,n-dimethylformamide and combina-
tions thereof as possible ketone entrainers. Additionally, Zhao simulated 
the extractive distillation of diisopropyl ether and acetone with ethylene 
glycol as entrainer as part of a larger Hybrid Azeotropic-Extractive 
Distillation process [30]. 

Apolar solvents such as alkanes [27,28,31], ethers [29] and aromatic 
compounds [29] have more affinity towards ethers, because these sol-
vents are structurally more similar to ethers. They do not possess (large) 
dipole moment, and dispersive interactions are predominant. By the 
addition of these solvents, the relative extent of the dipole interactions is 
reduced, which lowers the net repulsive interactions toward diisopropyl 
ether. Consequently, the ethers are entrained instead of the ketone 
molecules. 

It thus appears that many solvent classes can break the azeotrope in 
the acetone/diisopropyl ether mixture. Here, we report our studies 
aiming to find solvents that can break the azeotrope, and also can be 
made from sustainable resources. Several bio-based sources are avail-
able, such as natural oils, lignocellulosic materials, of which sugars and 

lignin can be obtained, (atmospheric or captured) CO2 and water, see 
Fig. 2. Biobased solvents are, for example, DL-limonene which can be 
obtained from natural oils present in citrus peel or fruit juices [32], 
already has annual commercial production of 60 kton/year and costs 
about 9–10 $/kg [33] and ethylene carbonate which can be synthesized 
using waste CO2 emissions over a heterogeneous catalyst [34,35]. These 
two, but also many other biobased chemicals, have been assessed in this 
work for the separation of acetone and diisopropyl ether using extractive 
distillation. 

In the case of acetone (boiling point = 56 ◦C) and diisopropyl ether 
(boiling point = 69 ◦C), a temperature-minimum, or positive, azeotrope 
is present. This means that the vapor pressure of the high boiling com-
pound (diisopropyl ether) is higher than in the ideal situation and a 
positive deviation is observed from Raoult’s law [36,37]. This is due to 
the fact that diisopropyl ether has a larger tendency to enter the vapor 
phase, as a consequence of net repulsive intermolecular interactions 
which is mathematically described with a γi > 1. 

Since both compounds are polar but not protic, this case study adds 
to the series of studies we completed earlier on the more apolar systems 
[15], on mixtures of hydrogen bond donating and hydrogen bond 
accepting groups [38] and the highly polar and highly hydrogen bond 
donating systems of carboxylic acids [38,39]. In Fig. 3, the molecular 
structures of acetone and diisopropyl ether are shown. 

2. Theory 

A key parameter in the assessment and design of distillation columns 
is the relative volatility (αij). This parameter describes the relative ten-
dency of the components in the mixture to escape the liquid phase and 
enter the vapor phase. In Eq. (1), the mathematical description can be 

seen where the αij is the product of the non-ideal part 
(

γi
γj

)

and the ideal 

part 

(

Po
i

Po
j

)

[5]. 

αij =
γiPo

i

γjPo
j

(1) 

The activity coefficients (γi) are indicative of the intermolecular in-
teractions within the mixture and describe either net attractive in-
teractions (γi < 1) or repulsive interactions (γi > 1) between the solute i 
and the solvent. The ideal part is comprised of the ratio of the pure 
component vapor pressures (Po

i )of both compounds. The addition of a 
solvent changes the activity coefficients and consequently alters the 
relative volatility. Although the vapor phase fugacity coefficients (φi) 
are also present in the non-ideal part of Eq. (1), these parameters 

Fig. 1. The qualitative literature overview of solvent effects in vapor-liquid equilibria concerning two aprotic compounds (ketones and ethers) [17,20,24–28]. The 
positioning is not on scale and relative to the other class. 
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approach 1 for the molecules considered in this study at atmospheric 
pressures and will therefore be neglected from now on. 

2.1. Thermodynamic models 

Next to the experimental evaluation of the biobased solvents, also the 
performance of a state-of-the-art predictive method, namely modified 
Dortmund UNIFAC [40], was performed during the solvent screening. 
This method is a group contribution method (GCM) which predicts the 
activity coefficients via the sum of a combinatorial (γc

i ) and a residual 
term (γR

i ). The combinatorial term uses the Guggenheim-Stavermann 
[41] term, see Eq. (2), and the residual term is shown in Eq. (3). 

lnγc
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Ψnm = exp
(

−
anm + bnmT + cnmT2

T

)

(7) 

All relations present in Eqs. (4)–(7) are required to determine the 
Φ,Φ’ and θ which are respectively the volume-, modified volume- and 
surface fractions. Additionally, Γk, Γ(i)

k ,ν(i)
k , Qk, Rk and Ψnm are respec-

tively the overall activity of moiety k, the overall activity of moiety k 
solely surrounded by moiety i, the occurrence of each moiety k in sur-
rounded by moiety i, the Van der Waals volume of group k, the Van der 
Waals surface of group k, and the group binary interaction parameter 
which may include temperature (in)dependent parameters (anm, bnm 
and cnm) [40,42,43]. The coordination number (qi) is often set at 10. 

The experimentally determined (quasi-) binary vapor-liquid equi-
libria were fitted with the UNIQUAC and Non-Random Two-Liquid 
(NRTL) model. The UNIQUAC model uses the same mathematical 
framework as described earlier, though the molecular volume (qk) and 
molecular surface (rk) parameters are fixed from literature values or 
estimations [44], and binary interaction parameters are fitted instead of 
estimated via the group contribution method. The molecular volume 
and surface parameters are q = 2.34 and r = 2.57 [45] for acetone, q =
4.088 and r = 4.7421 [46] for diisopropyl ether, and q = 5.592 and r =
6.736 [47] for DL-limonene. 

The NRTL model developed by Renon and Prausnitz [48] replaced 
the Flory-Huggins [49,50] volumetric expression within modified the 
Wilson equation [51] to the local composition theory which is similar to 
the quasichemical theory of Guggenheim [52]. This resulted in, Eqs. (8)– 
(10); 

Fig. 2. A graphical presentation of sustainable recourses for solvents, such as water, (atmospheric or captures) CO2, natural oils (e.g. DL-limonene) and lignocel-
lulosic materials where (hemi-)cellulose can be converted to pentose (C5), hexose (C6) sugars and consequently in biobased molecules such as 2-methyltetrahydro-
furan (MTHF) and Cyrene, and lignin can be converted to aromatics. 

Fig. 3. The molecular structures acetone and diisopropyl ether. The electron 
density profiles of the 3D-molecule rendering was done with COSMOthermX 
C30_1705 using the TZVP-parameterization. 
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with; 

lnGij = − αijτij (9)  

τij = aij +
bij

T
+

cij

T2 (10)  

where the non-randomness factors, αij, are generally set equal and τij is a 
dimensionless interaction parameter, which may include temperature 
(in)dependent parameters (aij, bij and cij). 

The temperature-dependent vapor pressures located in the Aspen-
Plus V10 Databank were used for acetone and diisopropyl ether, while 
experimental temperature-dependent vapor pressures of D-limonene 
were used [53]. 

3. Materials and methods 

3.1. Chemicals 

In this work, the diisopropyl ether (Emsure®, ACS, Reag. Ph. Eur.) 
and acetone (LiChrosolv®) were both purchased at Merck. 2-Butanone 
(Emplura®), ethylene glycol (Emsure®, Reag.Ph.Eur), 2-methyltetrahy-
drofuran (Emplura®), methanol (LiChrosolv®), ethanol (Emsure®) and 
DL-Limonene (≥95%) were purchased at Merck. Sigma Aldrich supplied 
the solvents sulfolane (99%), propylene glycol (≥99.5%), propionic acid 
(≥99.5%), guaiacol (≥99%), ethylene carbonate (98%), phenol 
(≥99%), furfural (99%), acetophenone (99%), isophorone (97%), 
vanillin (≥97%), catechol (≥99%), acetic acid (≥99%), dimethylsulf-
oxide (≥99.9%), ethyl acetate (99.9%), n-butanol (≥99.4%), 4-methyl- 
2-pentanone (≥98.5%), n-pentanol (≥99.9%), ethyl levulinate (99%), 
cumene (98%) and glycerol (≥99%). Acros Organics provided γ-valer-
olactone (98%), levulinic acid (98+%), triacetin (99%), tributyl phos-
phosphate (99+%), while 2-propanol (LC-MS ChromaSolv®) and 2- 
methyl-2-propanol (≥99.7%) were purchased at Fluka. p-Xylene was 
bought at VWR chemicals, and Cyrene was provided by the Circa Group. 
MilliQ water was additionally used. 

3.2. Experimental methods 

The measurements were carried out using 2 Fischer Labodest 
VLE602 ebulliometers where the pressure was controlled. Each mixture, 
comprised of the binary system and (optionally) a solvent, was intro-
duced in the ebulliometer and consequently, 1000 mbar was set. The 
temperature was tracked, and the mixture was left to equilibrate for 
approximately 60 min. A total amount of 85 ± 5 g of liquid was needed 
in the ebulliometer to guarantee sufficient liquid and vapor flow through 
the set-up. An aliquot of 0.5–1.0 ml of liquid sample was collected of the 
liquid and condensed vapor flow. If a solvent was used, a solvent to feed 
ratio of 1 (on a mass basis) was kept constant, and the VLE diagrams 
were displayed as a pseudo-binary system, where the compositions of 
acetone and diisopropyl ether sum up to unity. The (near) azeotropic 
composition of the diisopropyl ether/acetone system at 16/84 mol % 
was used. 

3.3. Analysis 

A Thermo Scientific Trace 1300 gas chromatograph with two parallel 
ovens and an autosampler TriPlus 100 Liquid Samples were used for the 
analyses. All samples were analyzed using an Agilent DB-WAX column 
(60 m × 0.25 mm × 0.25 μm) with an injection volume of 1 μl. The 
system of acetone/diisopropyl ether was diluted in analytical ethanol. A 
TCD detector (with 200 ◦C) and a ramped temperature profile were 
used, following the program in which the initial temperature was 30 ◦C, 

starting immediately after injection with a ramp of 10 ◦C/min to 60 ◦C, 
followed by a second ramp of 5 ◦C/min to 80 ◦C and a third ramp of 
50 ◦C/min to 250 ◦C with a 2 min hold on the final temperature which 
finished the program, which lasted 15 min. A column flow of 2 ml/min 
with a split ratio of 100, an airflow of 350 ml/min, a helium make-up 
flow of 40 ml/min and a hydrogen flow of 35 ml/min was used. 

4. Results 

4.1. Relative volatility screening at near azeotropic pseudo-binary 
composition 

The separation of acetone and diisopropyl ether was screened in this 
section. At a single composition containing 16 mol.% diisopropyl ether, 
the effect of 35 (biobased) solvents were evaluated (the results are dis-
played in Fig. 4). This composition was chosen as this is (near) the 
azeotropic inflection point of the binary mixture, and in this situation, 
both components are (almost) equally volatile. 

Near the azeotropic point, the majority of the polar solvents enhance 
the relative volatility of diisopropyl ether, as can be seen in Fig. 4. Dii-
sopropyl ether relative volatility increase is due to hydrogen bonds and/ 
or stronger dipole-dipole interactions of these solvents with acetone 
compared to diisopropyl ether, which lowers the acetone activity coef-
ficient more than that of diisopropyl ether. Water, dimethylsulfoxide, 
ethylene glycol and ethylene carbonate are experimentally shown to 
induce the largest relative volatility towards diisopropyl ether. Mod. 
UNIFAC (Do) can be seen in Fig. 4 to generally underpredict the relative 
volatility increases of diisopropyl ether over acetone with apolar sol-
vents. The relative volatility increase of diisopropyl ether over acetone is 
overpredicted for the multifunctional glycerol and catechol solvents, 
and water as solvent. The effect of various solvents on the relative 
volatility of acetone and diisopropyl ether are predicted to generally 
exceed 10% deviation. 

Ethylene glycol has already been shown to be an adequate entrainer 
[17], while dimethylsulfoxide is not preferred due to its toxicity [54]. 
Hence, water and ethylene carbonate are potential biobased solvents to 
distill diisopropyl ether as the top product. Apolar solvents were found 
to repel acetone more than diisopropyl ether. The most effective bio-
based apolar solvent is observed to be DL-limonene, although also 
cumene, 2-methyl tetrahydrofuran and p-xylene show similar effect, 
entraining diisopropyl ether. From the large variety of biobased solvents 
that have been assessed, several are less preferred due to possible re-
covery difficulties resulting from their boiling point. Recovery diffi-
culties can be minimized by applying a solvent with a boiling point 
40–50 ◦C higher than the highest boiling solute [55]. The solvents with 
recovery difficulties include 2-methyltetrahydrofuran (Bp:80 ◦C), 
Ethanol (78 ◦C), Ethyl acetate (77 ◦C), 2-propanol (83 ◦C), 2-butanone 
(80 ◦C), 2-methyl-2-propanol (83 ◦C) and methanol (64.7 ◦C). 
Excluding these, only DL-limonene and ethylene carbonate pass the 
boiling point criterion. Nevertheless, water is also evaluated as a po-
tential, biobased entrainer for this separation. This was done as it allows 
a comparison of three solvents which either are inept in hydrogen 
bonding (DL-limonene), is a hydrogen bond acceptor (ethylene car-
bonate) or a hydrogen bond donor and acceptor (water). For a complete 
process design and optimalization of process conditions, full phase 
equilibria (vapor-liquid (VL) and liquid-liquid (LL)) need to be deter-
mined [56]. In the current work, full liquid phase miscibility is assumed, 
as at room temperature DL-limonene is miscible with acetone[57] and 
during experimention, we also found room temperature miscibility with 
the less polar DIPE. 

4.2. Vapor-liquid equilibria of diisopropyl ether – acetone – ethylene 
carbonate/DL-limonene/water 

In Fig. 5, the (pseudo) binary vapor-liquid equilibria of acetone, 
diisopropyl ether and optionally a solvent is shown. It was also 
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attempted to fit NRTL and UNIQUAC equations, which unfortunately 
was not successful for some systems due to (partial) immiscibility of 
diisopropyl ether with ethylene carbonate and water. From an extractive 
distillation perspective liquid phase-splitting is unwanted. For the sys-
tems where good correlations with the experimental data were found, 
the fitted parameters are shown in Table 1. Around the azeotropic point, 
it can indeed be seen that water and ethylene carbonate induce signif-
icant relative volatility towards diisopropyl ether. 

Unfortunately, the intense induced non-ideality does not eliminate 
the azeotrope but shifts the azeotrope towards lower acetone fractions. 
This is a consequence of repelling the high boiling compound, diiso-
propyl ether, to a greater extent than the lower boiling compound, 
acetone. This is seen at a solvent to feed (S:F) ratio of 1 (on a mass basis). 
In the case of water as a solvent, applying a S:F ratio of 5 increases the 

relative volatility towards acetone at ~20 mol% acetone, though still an 
azeotrope is present as water is shown to repel diisopropyl ether, which 
is more pronounced at higher acetone molar fractions. The solvent to 
feed ratio was kept constant on mass basis which is a fair comparison on 
an industrial level but has implications on a molecular level. Smaller 
solvents (water) will be much more abundant than larger solvents 
(ethylene carbonate). Hence, a direct comparison on intermolecular 
interactions is not appropriate between the solvents based on the 
applied equal mass ratio. 

DL-limonene is capable of breaking the azeotrope at this S:F ratio, by 
repelling the low boiling acetone more than the high boiling diisopropyl 
ether. This is reflected in the activity coefficients of both solutes being 
above unity and the ratio of the activity coefficients (γacetone/γDIPE) were 
at an equimolar ratio resp. 1.19 and 1.21. The stability of DL-limonene, 

Fig. 4. The screening of 35 (biobased) solvent for the extractive distillation of acetone/diisopropyl ether (84/16 mol. %) with a S:F ratio (mass based) of 1 at 1000 
mbar. The experimental relative volatility is depicted on the x-axis, while the predicted relative volatility is depicted on the y-axis. 

Fig. 5. The (a) xy- and (b) Txy-diagrams of the (Quasi-) binary Vapor-Liquid Equilibria of diisopropyl ether and acetone with a S:F ratio (mass based) of 1 (or 5) at 
1000 mbar with the solvents, ethylene carbonate, DL-limonene and water. The standard deviation is determined by experimental duplicate measurements. The NRTL 
and UNIQUAC correlations for the binary and DL-limonene systems are present in Table 1, while visual aid guide-lines are added for the ternary systems with water 
and ethylene carbonate. Binary data from Resa et al. was originally reported in [19]. All experimental data is present in Table 2. 
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enabling use as solvent in distillation, was shown by Pakdel et al. [58], 
who demonstrated that DL-limonene is stable up to 210 ◦C, and only 
decomposes around 450 ◦C which is much higher than the distillation 
temperature. 

5. Conclusion 

The industrial separation of two aprotic polar compounds, acetone 
and diisopropyl ether, via extractive distillation was evaluated. After a 
literature overview, where it was seen that polar hydrogen-bonding 
solvents have more affinity towards the more dipolar aprotic polar 
compounds (acetone) compared to the less polar aprotic compounds 
(diisopropyl ether), while apolar solvents entrain the less polar diiso-
propyl ether. In the acetone/diisopropyl ether separation, water and 
ethylene carbonate induce the largest relative volatility towards diiso-
propyl ether near the binary azeotropic point, while DL-limonene in-
duces the largest relative volatility towards acetone. In the full (quasi-) 
binary vapor-liquid equilibrium, the azeotrope was only broken by the 
DL-limonene because it was selectively repelling the low boiling com-
pound (acetone) instead of the other solvents, though a pinch-point 
remains. This shows that experimentally determining the solvent ef-
fect at the azeotropic point is not sufficient to assess the performance of 

the solvent, as the azeotrope can shift towards lower low boiling solute 
fractions if the heavy boiling compound is selectively repelled by the 
solvent. DL-limonene was found to be most adequate as a biobased 
azeotrope breaker for the acetone/diisopropyl ether system. 
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Table 1 
The NRTL and UNIQUAC parameters of the binary acetone-diisopropyl ether and the solvent DL-limonene.  

NRTL 

Compound i Compound j Aij Aji Bij Bji Cij/αij 

Acetone Diisopropyl ether 0.568639 0.393109 2.07496 − 0.474122 0.5 
Acetone DL-Limonene − 24.5308 31.7088 8362.22 − 10000 0.3 
Diisopropyl ether − 9.76039 − 4.62356 4057.27 1220.5 0.2 
UNIQUAC 
Compound i Compound j Aij Aji Bij Bji  

Acetone Diisopropyl ether 0.18578 − 0.326341 8.01234 − 105.862  
Acetone DL-Limonene − 6.83415 17.7539 2431.06 − 6447.14  
Diisopropyl ether 0.165493 4.99499 163.267 − 2130.47  

*No adequate NRTL and UNIQUAC correlation could be obtained with ethylene carbonate and water, due to the (partial) immiscibility of diisopropyl ether in these 
solvents. The root-mean-square deviation of all liquid- and vapor fractions within the ternary system is 7.6 ⋅ 10− 3 and 4.9 ⋅ 10− 3 for respectively the NRTL and 
UNIQUAC correlations. 

Table 2 
The pseudo-binary liquid and vapor molar fractions at 1000 mbar for the acetone (1), diisopropyl ether (2), and the solvent DL-limonene, ethylene carbonate and 
water. From a duplicate measurement, it was found that the experimental standard deviation in the concentration is ±2.5 mol.%.  

Solvent: DL-limonene Solvent: Ethylene Carbonate 

x1 x2 y1 y2 T (K) x1 x2 y1 y2 T (K) 

0.659 0.000 0.984 0.000 336.15 0.608 0.000 1.000 0.000 342.25 
0.630 0.050 0.935 0.053 335.35 0.558 0.030 0.874 0.126 341.55 
0.559 0.090 0.888 0.100 336.35 0.517 0.060 0.733 0.267 338.95 
0.476 0.130 0.848 0.139 337.25 0.453 0.081 0.643 0.357 338.45 
0.430 0.186 0.791 0.196 337.75 0.440 0.134 0.535 0.465 336.05 
0.346 0.243 0.733 0.254 338.65 0.392 0.158 0.433 0.567 335.05 
0.333 0.295 0.692 0.293 336.15 0.317 0.163 0.372 0.628 335.05 
0.216 0.362 0.570 0.414 343.15 0.087 0.400 0.295 0.705 336.05 
0.198 0.409 0.552 0.429 341.25 0.064 0.416 0.216 0.784 337.65 
0.038 0.486 0.110 0.862 362.15      
0.000 0.504 0.000 0.964 364.95      
Solvent: water  

x1 x2 y1 y2 T (K)      

0.257 0.000 0.782 0.000 336.55      
0.210 0.002 0.759 0.036 337.05      
0.176 0.002 0.754 0.044 337.65      
0.163 0.010 0.487 0.381 327.05      
0.160 0.019 0.452 0.418 327.15      
0.131 0.043 0.416 0.474 327.75      
0.077 0.102 0.378 0.496 328.15      
0.023 0.148 0.207 0.700 331.25      
0.012 0.142 0.093 0.668 332.55      
0.000 0.149 0.000 0.917 334.75       
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