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ABSTRACT

A two parameters eguation of state (EOS) for nonaqueous electrolyte solutions system has been developed. The
equation is in terms of Helmholtz free energy and incorporated with results of low density expansion of
non-primitive mean spherical approximation. The EOS was tested for experimental data reported in literatures of 9
nonagueous single electrolyte solutions of which the temperature was 298.15K, and it also has a good predictive
capability for nonagqueous electrolyte solutions at different temperature in this work. The comparasions with EOSs
published earlier by other researchersin literatures are carried out in detail.
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INTRODUCTION

Electrolyte solutions are encountered in a wideetgrof industrial processes, for example, wastewaeatment,
extraction, seawater desalinization, distillatioyd ayeological processes. It is very important fertai describe the
thermodynamic properties of such systems accurd®élgse equilibrium in electrolyte systems is vergortant to

chemical industry.

Past a few decades, people made a lot of progresescribing thermodynamic properties of electmlgystems
with some modelS:* But most of studies in literatures were restrictedqueous electrolyte systems. There are
little attention on nonaqueous electrolyte systemsl now. Although we can get some data of prdperfrom
literature, the data about nonaqueous electrojygtems is much less than the one about aqueousofjée systems.
So in engineering, we need a simple predictive rivderder to describe phase behavior of nonaquetacrolyte
systems.

EOSs of nonaqueous electrolytes have been devekpe@ssfully since the late 1970s. Pitzer's m&d8lvave
also extended to nonaqueous electrolyte solutiodstiae adjustable parameters are needed in afiest models.
But up to now, there are still few models to reprephase equilibria properties of nonaqueousrelgtt solution.
In general, EOS can be derived by differentiatihg Helmholtz free energy with respect to the dgnsihe
helmholtz free energy is divided into several cimitiions, typically including solvent-solvent, i@alvent and
ion-ion terms. In this work, we expanded Helmhdtze energy as several contributions (includingtetestatic
contribution and association contribution) accogdio perturbation theory. On the other hand, thé&B@posed is
tested for 9 nonaqueous solutions of alkali metdides. The parameters can be obtained by fittiveg apor
pressure of solvents. In addition, we also compawadresults with the results of Mock ed al.,YourngaZzuo and
Tzujen Chou.

MODEL AND THEORY

The systems of interest in this work are limitechonmaqueous solutions (methanol solvent) of alkedtal halides.

3861



Zheng Han J. Chem. Pharm. Res., 2012, 4(8):3861-3864

Since the salts are fully dissociated, there agetibcomponents in the solution, including catiaripa and methanol
solvent respectively. The ions are treated as eldatgennard-Jones (LJ) spheres with additional @sthog sites

forming hydrogen bonds with methanol. A methanoleuole is regarded as the LJ sphere with embeddeaing

dipole and three associating sites, two of whigitesent lone pair electrons and the others represetons.

At temperaturel and volumeV, the system consists df particles, and the number of spediés N;. By using the
perturbation theoH, the differences of the Helmholtz free energidsAl®) between the system and the
corresponding hard sphere system can be expanded as

A- AhS ALJ Ae| ect Aa$0c
= + +
NKT NKT  NKT NKT

@

where k is the Boltzmann constant. The superschiptd.J, elect and assoc represent the contrilaifimm hard
sphere, Lennard-Jones, electrostatic (including-icon ion-dipole and dipole-dipole terms) and agsi@n
interactions, respectively. Then we can get thisaéqgn:
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The equation of state expressed as the comprétgsfadtor can be derived from above equations iffer@ntiating
the free energy with respect to the density,

A2 :

The chemical potential of speciess derived from the following differentiation,

ﬂ[L[P_AJJ
KT 0 NKT
Pk T.p% py

Note although the differentiations of egs. (3) 4AYl can be derived analytically, for conveniende humerical
ones are used for our calculations in this workatly.

(4)

RESULTSAND DISCUSSION

As all the ions are removed, the system is regdegs@ure methanol, i.e., LJ spheres with a poipblé and three
associating sites. Its Helmholtz free energy caexpressed by equations. The dipole moment isss2t4® Debye
to reproduce the experimental dielectric constdmhethanol, which is predicted as 32.49 for our ESDE is very
close to the experimental value 32.70 at 298.15K.

There are still two kinds of parameters need tdided. The first one is the effective average iodiameter §;),
which is assumed adjustable here for each saltth®namne is the ion-methanol association paranietezach ion.
This parameter can be obtained by fitting it asali-dependent parameter. Furthermore, it is foumat the
association of the anion and methanol can be igharethis model without notable losses of accumaciehe
anion-methanol association term was therefore rehdrom our EOS either. Consequently, only two peat@rs
are required in our model.

The EOS proposed was tested for 9 nonaqueousa@igetsolutions of alkali metal halides. The partere were
obtained by fitting the experimental data of th@parapressure and activity of electrolyte solutiatsl bar and
298.15K. The regressed parameters and the avebsgéute deviations (AADs, see definitions in Tah)eof the
vapor pressure data are listed in Table 1.
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Table 1: Regressed parametersfor EOSin thiswork and the aver age absolute deviations (AADs) in the vapor pressurg P Jand activity (a),
from thiswork and other modelsat 1bar and 298.15K

EOS parametets AAD%"
Salt (&) #=(K) Zuo,P* Mocketal.p® Choup® —;h's-—wor: Molarity range (mol/kg)
LCI 5326 321546  2.33 2.90 042 1825 0387 ®a5
LBr 5316 3137.97  1.99 3.17 059 1800 0.282 @83
NaCl 6126 210630  0.17 0.19 001 0942 0023 0m219
NaBr 5651 3623.06  0.36 0.22 008 0839 0053 0ma29
Nal 5111 271721 084 0.84 026 0907 0.063 0m285
KBr 6992 447159  0.19 0.12 000 0961 0.016 00484
KI 6008 512005  0.24 0.25 006 0889 0.066 0.0228
Rbl 6473 524123  0.20 0.24 001 0945 0.045 0.820
Csl 7421 578742 021 0.16 000 0975 0.020 0m330
Average 0.99 163 026 1120 0.106

# There are two parameters for each salt. Oneis the effective average ion diameter, o, and the other is the cation-methanol associating parameter,
£, The two parameters are all salt dependent.

100 NP| fa _ fo®

b AAD% = — Z — fop , where NP is the number of the experimental points and f isthe property of interest (P and a). The
1=

superscripts cal and exp indicate the value is from the cal culation and experiment, respectively.

° The AADs% were reported for the electrolyte EOS proposed by Julian Youxiang Zuo, Dan Zhang and Walter Furst.[®
4 The AADs% were reported for the electrolyte NRTL model proposed by Mock et al 1)

© The AADs% were reported for the two-parameter ACM proposed by Tzu-Jen Chou and Akihiko Tanioka.!*®

As can be seen from Table 1, our EOS gives a gooelation of vapor pressure and activity with aerage AAD
of 1.120% and 0.106%. Meanwhile, it is obvious @e shat the predicted activities are in good agesgmwith the
experimental data over from low molality range$igh molality ranges. And the agreement with experital data
is very good when the maximum molality up to 4.58/kg methanol. So it reveals that our EOS is \a&rgcessful
in activity calculation over molality range aboub0mol/kg methanol in general although the AADs wheapor
pressure are little higher than the ones obtaiyedun.

The predictive capability of EOS in this work casm demonstrated by extrapolating the temperatueelitde higher
value. For example, Fig. 1(a) and (b) show the iptiz@ vapor pressures by using the parametersngivdable 1,
which are correlated from experimental vapor presswith a temperature of 298.15K. Strikingly, eugm to

308.15K, our EOS can still accurately representrbe-ideality of the nonaqueous electrolyte sohgi@nd the
AADs are shown in Table 2.
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Figure 1. Predicted vapor pressureof (a) LiCl and (b) LiBr nonaqueous electrolyte solutions as a function of salt molality. Thelinesare
calculated from equation of state with the parametersin Table 1, which were obtained by fitting the experimental data at 298.15K. The
pointsrepresent the experimental data. For average absolute deviations (ADDs), see Table 2.
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Table 2: The aver age absolute deviations (AADs) about the vapor pressure ( P ) for sameregressed parameters of EOSin different
temperature, from thiswork at 1bar

EOS parametets  Molarity range (mol/kg) AAD%forP T (K)

Salt =&y =k (K)
1825 208.15
LiCl 5326 321546  0-4.580 2.802 308.15
4.045 318.15
1.800 298.15
LBr 5316 313797  0-4.345 2.733 308.15
3.630 318.15

2 There are two parameters for each salt. Oneis the effective average ion diameter o;, and the other is the cation- methanol associating parameter:
£, The two parameters are all salt dependent.
100NP fCﬁ' _fexp

b AAD% = _NP Z f oo , where NP is the number of the experimental points and f is the property of interest (P). The superscript cal
i=1

and exp indicate the value is from the cal culation and experiment, respectively.

CONCLUSION

A fundamental two-parameter equation of state toragueous electrolyte solutions is proposed byrparation of
low density expansion of nonprimitive mean sphéragaproximation and statistical associating fluigdry. The
EOS has been tested for 9 nonaqueous alkali haditigins at ambient condition. The parameters atained by
fitting the vapor pressures and activities with therage absolute deviation (AAD, see definitionTable 1) of
1.120% and 0.106%. With the parameters given bylZ)g the EOS can also well predict the vapor presslata
of nonaqueous electrolyte solutions at differentfierature points and over the same molality racgarately.
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