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New experimental solubility data of Naproxen in supercritical CO2 for (313 to 353) K and pressures ranging
from (15 to 40) MPa are presented. This covers the range where processes with supercritical fluids such as
Rapid Expansion from Supercritical Fluids are typically performed. In addition, the solid-liquid-gas
equilibrium line for the CO2 + Naproxen system was determined from (0.1 to 30) MPa. The solubility data
are correlated by three different methods: two methods for the density-solubility correlation and one method
for the pressure-solubility correlation. Different literature data and predictions of the sublimation pressure
of Naproxen, which are required for the solubility correlation, are compared.

Introduction/State of the Art

Most pharmaceutical compounds are administered to the
human body in a solid dosage form (approximately 80 %) or
by injection. If the dissolution behavior of a drug is poor, a
high dosage is needed and hence may cause some side effects
to the human body. A large number of publications show that
a promising method for enhancement of the dissolution rate of
poor water-soluble drugs in the biological environment is the
reduction of the particle size. Today, several conventional
micronization techniques have been utilized for particle size
reduction. These micronization techniques include milling and
grinding, spray-drying, freeze-drying, high-pressure homogeni-
zation, and ball and air jet milling. The disadvantages of these
techniques are degradation of the product, a broad particle size
distribution, and cumbersome solids handling.1-4 To overcome
this, supercritical fluid based particle size reduction processes
are gaining in importance in material science and pharmaceutical
technology since they are characterized by various advantages
such as low temperature and a solvent-free product. The primary
techniques are: rapid expansion of supercritical solutions
(RESS), particle generation from gas saturated solution (PGSS),
and gas antisolvent (GAS) and its numerous modifications.
Solubility data are essential for an accurate experimental design
and for calculation of the concentration of supercritical solutions
at different operating conditions. In the case of the RESS
process, an insufficient solubility limits the practical applicabil-
ity. Moreover, the phase behavior, especially the solid-liquid-
gas equilibrium line (SLG-line) of the systems involved, has to
be known. RESS experiments show that the product properties
such as particle size, size distribution, and morphology are often
strongly influenced by the underlying phase behavior.5-8

In this paper, experimental results for the SLG-line of
Naproxen under CO2 pressure and for the solubility of Naproxen

in CO2 are reported. In the literature, experimental solubility
data are available for temperatures ranging from (308 to 348)
K within the pressure range of (12 to 35) MPa.9-11 The
solubility of S-(+)-Naproxen in CO2 was determined at tem-
peratures of 313 K, 323 K, and 333 K and in the pressure range
between (9 and 19) MPa by Ting et al.9 These authors used a
flow technique coupled with gravimetric analysis to measure
the solubility of Naproxen in CO2. Suleiman et al.11 used a high-
pressure chromatographic system equipped with a high-pressure
online UV detector and a conventional dynamic solubility
apparatus to measure the solubility of racematic Naproxen at
313 K and pressures between (12 and 28) MPa. The authors
show that these data are in good agreement with the data
published by Ting et al. An integrated supercritical fluid
extraction/supercritical fluid chromatography system, equipped
with a static system for solubility determination in the super-
critical fluid extraction mode, was used by Garmroodi et al.10

These authors measured solubility data at temperatures (308 K,
318 K, 328 K, 338 K, and 348 K) and pressures, (12.2 to 35.5)
MPa, different from those reported by Ting et al. and by
Suleiman et al. For the data, published by Garmroodi et al., no
information about the enantiomer is given, so one might
speculate that they used the racemate. Although each individual
set of data follows mostly a common trend, in some cases the
published data exhibit different trends with respect to temper-
ature or pressure. Therefore, the solubility of Naproxen in CO2

was determined here at 313 K, 323 K, 333 K, 343 K, and 353
K and pressures between (15 and 40) MPa. These solubility
data were correlated using empirical density-based models and
a method based on an accurate noncubic equation of state for
the solvent CO2 which allows also the correlation of the
solubility as a function of the pressure.12,13

Experimental

Materials and Methods. Naproxen (CAS 22204-53-1) is an
odorless, white crystalline substance and member of the
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arylacetic acid group of nonsteroidal anti-inflammatory drugs.
The use of Naproxen is suggested for the treatment of
rheumatoid arthritis and is also indicated in the relief of mild
to moderate pain. S-(+)-Naproxen ((S)-(+)-6-methoxy-R-meth-
yl-2-naphthalene acetic acid) was supplied by Sigma-Aldrich
Chemie GmbH, Taufkirchen (Germany).

Differential scanning calorimetry (DSC) was used for physical
characterization (melting temperature and enthalpy of fusion)
of Naproxen. A DSC 204 Phoenix (Netzsch; Germany) was used
to perform the measurements. The sample (≈5 mg per run) was
heated in an aluminum standard pan under a nitrogen gas flow
of 20 mL ·min-1. Usually, a heating rate of 5 K ·min-1 was used
up to a maximum temperature of 473 K.

CO2 (Air Liquid, Germany; purity greater than 99.99 %) was
chosen as the supercritical solvent since it is a nonflammable,
inexpensive, and nontoxic solvent. Due to the low critical
temperature, supercritical CO2 allows processing at moderate
temperatures.

All materials and solvents were of the purest grade available
and were used without additional purification. In Table 1, some
important physical properties of the materials used in this study
are summarized.

SLG-Line. A schematic diagram of the apparatus used for
the determination of the SLG-line and solubility of Naproxen
in CO2 is shown in Figure 1. A variable heatable high-pressure
cell (V ) (3.3 to 7.3) cm3), equipped with two sapphire windows
(D ) 8 mm), was used to conduct the melting point depression
study of Naproxen. In the case of the solubility measurements,
the pressure vessel is equipped with an internal magnetic stir
bar.

In a typical experiment, an excess of the solid solute (ca.
0.1 g) was loaded into the high-pressure equilibrium cell, and
CO2 was gradually introduced into the view cell. The SLG-line
of Naproxen under CO2 pressure was determined either by
finding the melting temperature at a constant pressure or finding

the melting pressure at a constant temperature. Repeated
measurements (usually 3-fold) were performed to minimize the
influence of kinetic effects on the onset of melting. More details
about the experimental procedure are given in the literature.14,15

Solubility. The solubility of Naproxen in CO2 was determined
using a static method14-16 coupled with gravimetric analysis
described by Sherman et al. in detail.16 Usually a known amount
of solute, (0.02 to 0.04) g, inside a vial was weighed with a
precise balance (( 0.1 mg) and loaded into the high-pressure
equilibrium cell. Afterward, the vessel was slowly filled with
CO2. Once the desired temperature was reached, the desired
pressure was adjusted by the manual piston pump. After
sufficient time (usually > 12 h) was allowed for equilibration
of the CO2 + solute solution, the vessel was depressurized and
opened, and the vial was reweighed. Hence, the difference
between the initial and the final measured mass of solute gave
the amount of Naproxen dissolved in CO2. The amount of CO2

metered into the cell was determined by weighing the CO2-
cylinder before and after CO2 had been filled into the cell using
a balance (( 0.02 g). The solubility of Naproxen in CO2, Y2,
can then be calculated from the dissolved amount of Naproxen
divided through the mass of CO2 metered into the cell. Usually,
each data point measurement was conducted two times giving
a reproducibility ranging from 3 % at high pressure up to 12 %
at low pressure due to the small amount of solute dissolved in
CO2 and therewith low solubility.

The temperature in the high-pressure equilibrium cell is
measured with a thermocouple, which is calibrated against a
Pt-25 thermometer. The accuracy of the temperature measure-
ment was within the total limit of ( 0.2 K. A piezoresistive
pressure gauge (class 0.1) was used to measure the system
pressure, and the total uncertainty of the pressure measurement
was less than 0.05 MPa.

Results and Discussion

Melting-Point Depression. The experimental pressure-
temperature data for the SLG-line of the CO2 + Naproxen
system are listed in Table 2 and depicted in Figure 2. The normal
melting point of Naproxen at ambient pressure was verified
using DSC and was found to be 427.7 K. The enthalpy of fusion

Table 1. Physical Properties of Pure CO2
17 and of Pure Naproxen

M TC pC FC Tfus
a ∆fusha p2,sub

b p2,sub
c V2,m

d

substance g ·mol-1 K MPa kg ·m-3 K kJ ·mol-1 Pa Pa cm3 ·mol-1

CO2 44.01 304.1 7.38 467.6 - -
Naproxen 230.3 427.7 31.4 6.89 ·10-5 3.34 ·10-3 178.3

a Measured with DSC. b At 313 K, calculated from:18 log(p/Pa) ) 17.2655 - 6706.556/(T/K). c At 313 K, calculated from:19 log(p/Pa) ) 15.2781 -
5558.775/(T/K). d Ting et al.9

Figure 1. Schematic diagram of the phase behavior apparatus: 1, gas
cylinder; 2, vacuum connection; 3, manual piston pump; 4, pressure-relief
valve; 5, high-pressure view cell; 6, catchment tank; 7, outlet; P, pressure
indicator; T, temperature indicator.

Table 2. Experimental Pressure-Temperature Data of the
SLG-Line for the CO2 + Naproxen System

T/K p/MPa

413.6 30.0
414.3 25.0
414.5 22.5
415.7 20.0
417.8 15.0
419.7 11.4
420.7 10.0
422.9 7.51
424.1 5.04
424.4 4.97
425.6 2.48
427.7a 0.10

a Measured with DSC.
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(31.4 kJ ·mol-1) obtained from DSC analysis is in excellent
agreement with the value (31.5 kJ ·mol-1) published by Per-
lovich et al.18 For the CO2 + Naproxen system, the ∆p/∆T slope
of the SLG-line is negative in the pressure range investigated.
The melting temperature decreased from the normal melting
point continuously to 413.6 K at 30 MPa. Thus, a solid-fluid
two-phase equilibrium (s2 ) g) exists for pressures equal to or
below 30 MPa and temperatures from (305 to 413) K.

Experimental Solubility Data. In Table 3, the solubility of
Naproxen in CO2 is expressed in terms of mass of Naproxen
per mass of supercritical CO2 (Y2) and in terms of Naproxen
mole fraction (y2). At 313 K, Y2 increases from 8 ·10-5 at 15
MPa to 1.6 ·10-4 at 29.9 MPa and from 7.9 ·10-5 at 15.2 MPa
to 9.7 ·10-4 at 39.6 MPa and 353 K. The comparison with the

data published by Ting et al.9 at around (15 and 20) MPa shows
a very good agreement at 323 K (in each case e 2 %) but larger
deviations at 313 K (12 % and 15 %) and 333 K (16 % and 8
%). The crossover pressure for the system CO2 + Naproxen
was found to be around 15 MPa. Above the crossover pressure,
the solubility increases with increasing temperature, and below
this value, due to the decrease in CO2-density with increasing
temperature, the reverse is the case. In Table 3, the calculated
enhancement factor (E) is also included. This factor can be
regarded as a normalized solubility because it removes the effect
of the sublimation pressure. E is defined as the ratio of the mole
fraction of Naproxen over the solubility in an ideal gas

In eq 1, E is the enhancement factor and p2,sub is the sublimation
pressure of the solute at temperature T. In this work, p2,sub is
calculated from eq 1a

where A and B were fitted to experimental data18 and p0 ) 1
Pa is the unit pressure. It is seen from Table 3 that the
enhancement factor varies from 1.2 · 104 to 1.3 · 107. For
comparison, we applied the Watson correlation for solids, as
described in Lyman et al.,19 too. This approach leads to a
sublimation pressure which is about 2 orders of magnitude
higher than the experimental data (see Table 1) and considerable
lower enhancement factors. Both the enhancement factor and
the solubility are strongly influenced by the system temperature
and the solvents density. The influences of these two variables
are shown in Figure 3 which shows the solubility of Naproxen
as a function of reduced CO2-density. The experimental results
show trends which are similar to those observed for other solids
in the supercritical region. At constant temperature, the logarithm
of the solubility of a solute increases almost linearly with the
solvent density and therewith solvent power. Figure 3 also shows
the pronounced temperature effect on solubility in the region
outside the retrograde region. In this region, the effect of
the temperature on the solute sublimation pressure overlays the

Figure 2. Pressure-temperature trace of the experimental three-phase SLG-
line for the CO2 + Naproxen system: full circles, this work.

Table 3. Solubility of Naproxen (2) in CO2 (1) Expressed in Terms
of Mass of Naproxen per Mass of CO2 (Y2) and in Terms of
Naproxen Mole Fraction (y2)a

T p2,sub
b p F1

K Pa MPa mol ·dm-3 Y2 y2 E ) y2 ·p/p2,sub

313 6.89 ·10-5 15.14 17.775 8.04 ·10-5 1.54 ·10-5 3.37 ·10+6

19.97 19.082 1.08 ·10-4 2.07 ·10-5 6.01 ·10+6

25.14 20.002 1.31 ·10-4 2.51 ·10-5 9.14 ·10+6

29.86 20.659 1.63 ·10-4 3.12 ·10-5 1.35 ·10+7

323 3.18 ·10-4 15.11 15.957 9.06 ·10-5 1.73 ·10-5 8.23 ·10+5

20.13 17.869 1.52 ·10-4 2.90 ·10-5 1.84 ·10+6

25.41 18.965 1.90 ·10-4 3.59 ·10-5 2.87 ·10+6

30.01 19.779 2.16 ·10-4 4.13 ·10-5 3.90 ·10+6

34.95 20.426 2.07 ·10-4 3.95 ·10-5 4.34 ·10+6

39.60 20.952 2.38 ·10-4 4.54 ·10-5 5.66 ·10+6

333 1.33 ·10-3 15.05 13.758 9.88 ·10-5 1.88 ·10-5 2.13 ·10+5

20.04 16.446 1.51 ·10-4 2.89 ·10-5 4.33 ·10+5

25.00 17.858 2.54 ·10-4 4.84 ·10-5 9.06 ·10+5

30.11 18.876 2.69 ·10-4 5.13 ·10-5 1.16 ·10+6

35.01 19.606 3.04 ·10-4 5.82 ·10-5 1.53 ·10+6

39.72 20.191 3.62 ·10-4 6.92 ·10-5 2.06 ·10+6

343 5.16 ·10-3 15.07 11.568 8.48 ·10-5 1.62 ·10-5 4.73 ·10+4

20.08 15.016 1.88 ·10-4 3.60 ·10-5 1.40 ·10+5

24.99 16.746 3.02 ·10-4 5.76 ·10-5 2.79 ·10+6

29.94 17.893 3.80 ·10-4 7.26 ·10-5 4.21 ·10+6

34.99 18.772 4.63 ·10-4 8.85 ·10-5 6.00 ·10+6

39.91 19.461 5.19 ·10-4 9.92 ·10-5 7.67 ·10+6

353 1.85 ·10-2 15.16 9.863 7.86 ·10-5 1.50 ·10-5 1.23 ·10+4

20.04 13.514 2.53 ·10-4 4.84 ·10-5 5.25 ·10+4

25.03 15.598 5.20 ·10-4 9.90 ·10-5 1.34 ·10+5

28.82 16.664 6.08 ·10-4 1.16 ·10-4 1.81 ·10+5

34.61 17.859 7.49 ·10-4 1.43 ·10-4 2.68 ·10+5

39.62 18.648 9.65 ·10-4 1.84 ·10-4 3.95 ·10+5

a The CO2-density is taken from NIST Chemistry WebBook.17

b Calculated from:18 log(p/Pa) ) 17.2655 - 6706.556/(T/K).

Figure 3. Solubility of Naproxen in CO2 at different temperatures: red
circles, 313 K; squares, 323 K; triangle-up, 333 K; diamond, 343 K; full
circles, 353 K; solid lines are calculated with eq 2.

E )
y2·p
p2,sub

(1)

log(p2,sub

p0
) ) A + B

(T/K)
(1a)
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effect of the solvent density, resulting in an increase of the
Naproxen solubility with increasing temperature.

Correlation of Experimental Solubility Data. The reliable
experimental determination of solubility in SCFs and its accurate
correlation is important for the development of supercritical fluid
technology. Until today, models based on equations of state,
together with different mixing rules, are the most widely used
ones to correlate and predict the solubility in SCFs. Recently,
the importance of the accurate knowledge of the required
thermophysical data, such as critical parameters, acentric factor,
solid molar volume, and sublimation pressure of the solutes,
has been demonstrated by Burgos-Solórzano et al.20 and by
Coimbra et al.21 Moreover, the estimation methods for phar-
maceutical compounds, polymers, biomolecules, and other
complex molecules are mostly empirical and often lead to
inconsistent and unreliable results. Thus, due to the lack of
information on these data, empirical density-based models are
often used for the correlation of experimental solubility data.

One of the most commonly used models, which correlates
the solubility of a solute in a SCF to the fluids density, has
been proposed by Stahl et al.22 and by Kumar and Johnston23

where subscripts 1 and 2 refer, respectively, to the pure solvent
and to the pure solute. In eq 2, y2 is the mole fraction of
Naproxen in CO2; F1 is the density of CO2 at the equilibrium
temperature T and pressure p; F1,C is the critical density of CO2;
and a and b are two empirical constants. To confirm the
reliability of the experimental data, we examined the consistency
of solubility data using eq 2, and the values obtained for a and
b are summarized in Table 4 along with the average relative
deviation (ARD). The lines depicted in Figure 3 are calculated
with eq 2 and demonstrate that there is a good correlation
between calculation values and the experimental data. As can
be seen from the ARD, the experimental data are satisfactorily
correlated with this empirical correlation with an overall ARD
of 3.2 %.

Mendez-Santiago and Teja24 have shown that eq 3 can be
used to calculate the solubility of numerous solids in CO2. Since
the constants A and B are independent of temperature, the
solubility data for binary systems at different temperatures
should collapse to a single straight line when plotted in terms
of T · ln E vs the CO2-density. The lower limit of this linear
behavior is about half, while the upper limit is around 2-fold
of the critical density of the solvent.24

The fact that all isotherms collapse to a single line allows
determining the self-consistency of experimental data and allows
identifying data sets that are not consistent with other data. The
constants of eq 3 for the solubility of the CO2 + Naproxen
system are reported in Table 5. The solid line depicted in Figure
4 is the fit over a temperature range of (313 to 353) K. As can
be seen in this figure, all isotherms collapse to a single line so
that the experimental data are satisfactorily correlated with eq
3 with an overall ARD of 2.0 %. For comparison, we fitted eq
3 to the enhancement factor data calculated with the sublimation
pressure which was estimated with the Watson correlation. The
resulting constants A and B are listed in Table 5 too, and the
corresponding fit is depicted as the dotted line. This curve shows
a significant deviation ranging from -22 % to -32 % which is
the result of the noticeably higher values from the estimated
sublimation pressure data (see also Table 1).

In addition to empirical correlation approaches, we have
employed an equation of state method for the correlation of
the Naproxen solubility. This method is based on an accurate
noncubic equation of state for the supercritical solvent CO2

25

and a fugacity approach. While one can only correlate the
solubility as a function of the density with eq 2 and eq 3, one
also can correlate the solubility as a function of the pressure
with an equation of state approach. Within this approach, the
properties of the solute enter by the sublimation pressure and
the molar volume while the solvent enters by its fugacity as

The fugacity is calculated from the equation of state. Details
on the equation of state25 and the application of the fugacity

Table 4. Results of the Empirical Correlation (Equation 2)

T/K data points a b 100 ·ARDa

313 3 -13.2181 4.1513 2.1
323 4 -12.6066 4.0819 2.1
333 5 -12.0990 3.9123 5.5
343 5 -11.5699 3.9152 1.4
353 6 -10.8210 3.9163 4.1
average - - 3.2

a ARD ) (1/N) ∑1
N (|ycalc- yexp|)/(yexp).

ln(y2) ) a + b·ln(FRed) with FRed )
F1

F1,c
(2)

T·ln(E) ) A + B·F1 with E )
y2·p
p2,sub

(3)

Table 5. Results of the Empirical Correlation (Equation 3)

data points A B 100 ·ARDa

25 1811.29b 153.2697b 2.0
25 923.09c 140.4084c -

a ARD ) (1/N) ∑1
N (|ycalc - yexp|)/(yexp). b Enhancement factor data

were calculated with experimental sublimation pressure data.18

c Enhancement factor data were calculated with sublimation pressure
data estimated from the Watson correlation.19

Figure 4. T · ln E vs solvent density for the CO2 + Naproxen system: red
circles, 313 K; squares, 323 K; triangle-up, 333 K; diamond, 343 K; full
circles, 353 K; full line is calculated with experimental sublimation pressure
of Perlovich et al.,18 and dotted line is calculated with the sublimation
pressure obtained from the Watson correlation.19

y2 )
p2,sub

p·�(y2)
exp(V2,m(p - p2,sub)

RT ) (4)
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approach12,13 to this equation are given in the literature. The
critical parameters of the pure solute do not need to be estimated
by a group contribution method because we fit the attraction
and covolume equation of state parameter for the solute during
the solubility correlation. For the same reason, also no kij

parameter is required. The total number of parameters, fitted in
this work, are four, namely, two equation of state parameters
of the pure solute and two parameters for the sublimation
pressure. As a fitting algorithm, we use a Marquardt-Levenberg
method. In cases where the initial parameter values for the
correlation are not good enough to get convergence, a Monte
Carlo method for generating initial values is employed. Here
we focus on the influence of the sublimation pressure on
the solubility correlation. The experimental determination of the
sublimation pressure of low volatile organic substances is
difficult.26 Often the sublimation pressure is unknown and has
to be estimated by empirical methods such as group contribution
methods.19,27 Since the sublimation pressure is required in the
correlation of the solubility, one can treat it as an adjustable
parameter when fitting the model to solubility data. If solubility
data are available for different temperatures, one can build in a
Clausius-Clapeyron-like temperature dependence of the sub-
limation pressure on the temperature

Here Asat and Bsat are adjustable parameters, and p0 ) 1 MPa is
the unit pressure. The suitability of this approach has been
demonstrated for various low volatile substances ranging from
dyes in CO2

12,28 and N2O
29 to biomolecules.13 The sublimation

pressure obtained in this way from the solubility agrees well
with experimental data where available and behaves systemati-
cally.12 Also, the other parameters of the complete model such
as the attraction parameter of the solute or its covolume behave
systematically in a homologous series of substances such as
the anthraquinone dyes for variable length of the alkyl side
chains.28 Here we apply this correlation method in different
ways: (A) we correlate eq 5 to the available experimental data
of the sublimation pressure;18 (B) we fit eq 5 to the literature
data which are estimated with a group contribution method;19

and (C) we treat the sublimation pressure as an adjustable
property fitting the parameters of eq 5 during the solubility
correlation. The value of the molar volume solute is fixed in
all correlations to 178.3 cm3 ·mol-1, while the compressibility
of the solute is set to zero. Hence, only the remaining four
parameters are fitted to the data. The resulting values are: for
fit (A) a ) 883.735 K, b ) 81.2094 cm3 ·mol-1, Asat ) 15442.4
K, Bsat ) 25.9397, for fit (B) a ) 829.308 K, b ) 59.8514
cm3 ·mol-1, Asat) 12795.3 K, Bsat ) 21.3611, and for fit (C) a
) 805.23 K, b ) 53.4022 cm3 ·mol-1, Asat ) 11048.6 K, Bsat )
17.2568. The resulting correlations of the solubility are plotted
in Figure 5. The ARD varies around 10 % being higher for the
313 K data. One can see that for (323 to 353) K all correlation
methods give similar, reasonable agreement with the experi-
mental data, while for 313 K all correlations give too low
solubility. For 323 K, the experimental data are better described
if the sublimation pressure is adjusted during the correlation of
the solubility (solid curve, psub,C). The sublimation pressure
estimated from a group contribution method19 gives a lower
solubility. If the sublimation pressure is used as an adjustable
parameter in the solubility correlation, one obtains a higher
sublimation pressure than the values estimated from a group
contribution method and from the experimental sublimation

pressure data.18 Especially if one fits the sublimation pressure
only to the solubility data for 313 K one obtains a much higher
value compared to the experimental data which is due to the
general difference between the model and the data at 313 K.
Here one can speculate whether the model does not capture the
temperature dependence correctly or the experiment gives too
high solubility at 313 K. For correlations using the experimental
data for the sublimation pressure,18 the solubility isotherms have
a too high curvature. This is due to the small variation of the
sublimation pressure over the given temperature range because
to reproduce the temperature dependence of the solubility
isotherms the model has to vary its parameters during the
correlation. So the weak temperature dependence of the
sublimation pressure does not agree with the temperature
dependence of the solubility. Actually, the group contribution
method19 is reasonably consistent with the solubility data, while
the experimental data18 show less agreement. The reason for
this remains unclear. A possible explanation might be related
to the purity of the samples used in the literature. For Ibuprofen,
which is also a chiral molecule, it is known that the solubility
in CO2 is quite different for the enantiomers and the racemate.
This is related to the phase behavior of Ibuprofen. The racemate
forms a compound which can be seen in the solid-liquid phase
diagram showing a compound at x ) 0.5 with a higher melting
temperature than the enantiomers.30 For Naproxen, there is no
racematic compound, and the two enantiomers rather behave
as a eutectic system having a melting point of the racemate a
few Kelvin below the melting temperatures of the two
enantiomers.31-33 Still there is an influence of the composition
which also shows up in the solubility.

Conclusions

We report new experimental data for the solubility of S-(+)-
Naproxen in supercritical CO2 and for the SLG three-phase
curve. The solubility data are correlated with three different
methods, namely, two easy applicable empirical correlation
methods for the solubility-density correlation and an equation
of state based method for the solubility-pressure correlation.
The correlation methods exhibit good agreement with the data
with the exception of the solubility isotherm at the lowest
temperature. Both correlation methods can be applied if the used
sublimation pressure varies. The agreement with the correlation
does not change to a large extent, but the parameters of the
model change during the fitting. It turns out that the equation
of state based method is more sensitive to the chosen values of
the sublimation pressure.

p2,sub ) p0 exp(-Asat

T
+ Bsat) (5)

Figure 5. Pressure-mole fraction correlation of the Naproxen solubility
using different data for the sublimation pressure. Dotted curves (psub,A),
experimental sublimation pressure of Perlovich et al.;18 dashed curves,
(psub,B); solid curves (psub,C), sublimation pressure fitted to solubility data.
Symbols are the experimental data: circles, 313 K; squares, 323 K; triangle-
up, 333 K; diamond, 343 K; triangle-down, 353 K.
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