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Solubility of Anthracene in Binary Alcohol + 2-Methoxyethanol

Solvent Mixtures

Mary E. R. McHale, Joyce R. Powell, Ann-Sofi M. Kauppila, and William E. Acree, Jr.*

Department of Chemistry, University of North Texas, Denton, Texas 76203-0068

Experimental solubilities are reported for anthracene dissolved in seven binary mixtures containing
2-methoxyethanol with 1-propanol, 2-propanol, 1-butanol, 2-butanol, 1-octanol, 2-methyl-1-propanol, and
3-methyl-1-butanol at 25 °C. Results of these measurements are used to test two mathematical
representations based upon the combined Nearly Ideal Binary Solvent (NIBS)/Redlich—Kister equation
and modified Wilson model. For the seven systems studied, both equations were found to provide an
accurate mathematical representation of the experimental data, with an overall average absolute deviation
between measured and calculated values being on the order of 0.5%.

Introduction

Solid—liquid equilibrium data of organic nonelectrolyte
systems are becoming increasingly important in the pe-
troleum industry, particularly in light of present trends
toward heavier feedstocks and known carcinogenicity/
mutagenicity of many of the larger polycyclic aromatic
compounds. Solubility data for a number of polycyclic
aromatic hydrocarbons (i.e., anthracene and pyrene) and
heteroatom polynuclear aromatics (i.e., carbazole, diben-
zothiophene, and xanthene) have been published in the
recent chemical literature (for a listing of references see
Acree (1994, 1995a,b). Despite efforts by experimentalists
and scientific organizations, in terms of both new experi-
mental measurements and critically-evaluated data com-
pilations, there still exist humerous systems for which
solubility data are not readily available.

To address this problem, researchers have turned to
group contribution methods and semiempirical expressions
to predict desired quantities. Group contribution methods
have proved fairly successful in estimating solid solubility
in pure and binary solvent mixtures from structural
information. Practical application though is limited to
systems for which all group interaction parameters are
known. Generally, interaction parameters are evaluated
from solid—liquid and liquid—vapor equilibrium data. It
is important that the data base contain as many different
functional groups as possible, preferably with adequate
representation from both mono- and multifunctional solute/
solvent molecules to permit evaluation of potential syner-
gistic effects. The data base should contain sufficient
experimental values near infinite dilution in the event that
one wishes to determine separate interaction parameters
for finite concentration and infinite dilution activity coef-
ficient predictions.

Continued development of solution models for describing
the thermodynamic properties of a solute in binary solvent
systems requires that a large data base be available for
assessing the applications and limitations of derived
expressions. Currently, only a limited data base exists for
crystalline nonelectrolyte solubility in binary solvent mix-
tures. For this reason, anthracene solubilities were de-
termined in seven binary alcohol + 2-methoxyethanol
solvent mixtures. Results of these measurements are used
to further test the descriptive abilities of several previously
derived expressions.
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Experimental Methods

Anthracene (Aldrich, 99.9+%) was used as received.
2-Methoxyethanol (Aldrich, 99.5+%, anhydrous), 1-pro-
panol (Aldrich, 99+%, anhydrous), 2-propanol (Aldrich,
99+%, anhydrous), 1-butanol (Aldrich, HPLC, 99.8+%),
2-butanol (Aldrich, 99+%, anhydrous), 2-methyl-1-propanol
(Aldrich, 99+%, anhydrous), 3-methyl-1-butanol (Aldrich,
99+%, anhydrous), and 1-octanol (Aldrich, 99+%, anhy-
drous) were stored over both anhydrous sodium sulfate and
molecular sieves before being fractionally distilled. Gas
chromatographic analysis showed solvent purities to be
99.7 mol % or better. Karl Fischer titration gave water
contents (mass/mass %) of <0.01% for all seven alcohols
used. Binary solvent mixtures were prepared by mass so
that compositions could be calculated to 0.0001 mole
fraction.

Excess solute and solvent were placed in amber glass
bottles and allowed to equilibrate in a constant tempera-
ture water bath at (25.0 &+ 0.1) °C for at least three days
(often longer). Attainment of equilibrium was verified by
repetitive measurements after a minimum of three ad-
ditional days and by approaching equilibrium from super-
saturation by preequilibrating the solutions at a higher
temperature. Aliquots of saturated anthracene solutions
were transferred through a coarse filter into a tared
volumetric flask to determine the amount of sample and
diluted quantitatively with methanol. Concentrations were
determined spectrophotometrically at 356 nm on a Bausch
and Lomb Spectronic 2000. Experimental anthracene
solubilities in the seven binary alcohol + 2-methoxyethanol
mixtures studied are listed in Table 1. Numerical values
represent the average of between four and eight indepen-
dent determinations, with the measured values being
reproducible to within +1.3%.

Results and Discussion

Acree and co-workers (Acree and Zvaigzne, 1991; Acree
etal., 1991; Acree, 1992) suggested possible mathematical
representations for isothermal solubility data in binary
solvent mixtures based upon either a combined nearly ideal
binary solvent (NIBS)/Redlich—Kister model

N
In X = xg IN(3")g + x¢ IN(GR)e + xexe y Six — X'

1)

or a modified Wilson equation (Comer and Kopecni, 1990)
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Table 1. Experimental Mole Fraction Solubilities of
Anthracene (X3 in Binary Alcohol (B) +
2-Methoxyethanol (C) Solvent Mixtures at 25.0 °C

Xt Xt Xt
1-Propanol (B) + 2-Methoxyethanol (C)

0.0000 0.000591 0.3889 0.001243 0.7854 0.001894

0.0985 0.000746 0.4840 0.001398 0.8953 0.002 035

0.1861 0.000894 0.5889 0.001571 1.0000 0.002211

2-Propanol (B) + 2-Methoxyethanol (C)
0.0000 0.000411 0.3955 0.001090 0.7591 0.001 780
0.1037 0.000580 0.4859 0.001264 0.8893 0.001 996
0.2019 0.000753 0.6006 0.001482 1.0000 0.002211

1-Butanol (B) + 2-Methoxyethanol (C)
0.0000 0.000801 0.4382 0.001552 0.8196 0.002 052
0.1173 0.001006 0.5362 0.001698 0.9074 0.002 129
0.2273 0.001192 0.6222 0.001817 1.0000 0.002211

2-Butanol (B) + 2-Methoxyethanol (C)
0.0000 0.000585 0.4256 0.001397 0.8182 0.001 969
0.1204 0.000801 0.5376 0.001590 0.9086 0.002 092
0.2189 0.000978 0.6403 0.001758 1.0000 0.002211

2-Methyl-1-propanol (B) + 2-Methoxyethanol (C)
0.0000 0.000470 0.4402 0.001222 0.8173 0.001906
0.1205 0.000657 0.5355 0.001410 0.9128 0.002 071
0.2244 0.000828 0.6459 0.001627 1.0000 0.002211

3-Methyl-1-butanol (B) + 2-Methoxyethanol (C)
0.0000 0.000727 0.4744 0.001537 0.8462 0.002 075
0.1382 0.000949 0.5845 0.001720 0.9151 0.002 137
0.2633 0.001159 0.6789 0.001855 1.0000 0.002211

1-Octanol (B) + 2-Methoxyethanol (C)
0.0000 0.002160 0.5699 0.002892 0.8853 0.002 562
0.1760 0.002476 0.6651 0.002849 0.9444 0.002 401
0.3382 0.002711 0.7498 0.002782 1.0000 0.002211

In[a,(s)/x] =

1= xg{1 — In[ax(S)(X)elH(xg + XA —
XA 1 = Infap()/(GTcHOGAZ +X0) (2)

where the various S; and Af}‘“ “curve-fit” parameters can
be evaluated via least squares analysis. The summation
in eq 1 extends over the number of parameters needed to
describe the measured solubility data. Inegs 1 and 2 xj
and x¢ refer to the initial mole fraction composition of the
binary solvent calculated as if the solute were not present,
aa(s) is the activity of the solid solute, and (x3%); is the
saturated mole fraction solubility of the solute in pure
solvent i. The numerical value of as(s) = 0.010 49 (Acree
and Rytting, 1983) used in the modified Wilson computa-
tions was calculated from the standard thermodynamic
relationship (Acree, 1984)

In an(s) = =AqsHa(Tmp = T(RTTp) ®)

where AfqsHa is the molar enthalpy of fusion at the normal
melting point temperature of the solute, Tpp.

The ability of egs 1 and 2 to mathematically represent
the experimental solubility of anthracene in the seven
binary alcohol + 2-methoxyethanol solvent systems is
summarized in Table 2 in the form of curve-fit parameters
and percent deviations in back-calculated solubilities.
Careful examination of Table 2 reveals that both equations
provide an accurate mathematical representation for how
the solubility of anthracene varies with solvent composi-
tion. For the seven anthracene systems studied, the overall
average absolute deviation between the experimental and
calculated values is 0.5%, which is less than the experi-
mental uncertainty.

From a computational standpoint, eq 1 will likely be
preferred because most research groups involved in report-
ing thermodynamic properties have computer programs for
evaluating the Redlich—Kister coefficients. With this idea
in mind, we recommend not only that the future presenta-

Table 2. Mathematical Representation of Anthracene
Solubilities in Several Binary Alcohol (B) +
2-Methoxyethanol (C) Solvent Mixtures

binary solvent system eql _ eq 2
(component B + component C) Si2  devl”% A?jd’ ¢ devl® %

1-propanol + 2-methoxyethanol 0.900 0.4 2100 0.3

0.343 0.424

2-propanol + 2-methoxyethanol 1.218 0.6 2.130 0.6
0.584 0.469

0.216

1-butanol + 2-methoxyethanol 0855 0.2 1.704 0.2
0.220 1.050

2-butanol + 2-methoxyethanol 1148 0.7 1803 0.8
0.401 1.149

2-methyl-1-propanol + 1115 05 1730 04
2-methoxyethanol 0.313 0.920

3-methyl-1-butanol + 0872 0.2 1478 0.2
2-methoxyethanol 0.092 1.499

1-octanol + 2-methoxyethanol 1124 08 1991 04
—0.417 3.842

a Combined NIBS/Redlich—Kister curve-fit parameters are
ordered as Sp, Si, and Sy PDev/% = (100/N)3|[(x"calc —
(HexP]/(2Yexe|. ¢ Adjustable parameters for the modified Wil-
son equation are ordered as A3 and A%,

tion of experimental isothermal solubility data for slightly
soluble solid solutes dissolved in binary solvent mixtures
include a tabulation of the actual observed values but if
possible that the solubility data be mathematically repre-
sented by eq 1. For six of the seven systems studied, only
two S; curve-fit parameters were needed. Realizing that
a single equation will not be applicable to all systems
encountered, we further suggest eq 2 as an alternative

mathematical representation for systems having extremely

large solubility ranges and/or highly asymmetrical In x3

versus Xg curves, such as the carbazole + alkane +
tetrahydropyran systems reported previously (Acree et al.,
1991).
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