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ABSTRACT: The polymorphic nature of microcrystalline solids of stearic acid prepared by the Depressurization of an
Expanded Liquid Organic Solution (DELOS) andGas Antisolvent (GAS) crystallization techniques, both based on CO2-expanded
solvents as solvent media, has been studied. The crystalline solids produced by those techniques from “CO2-expanded ethyl
acetate” with different contents of CO2 have been analyzed in detail and compared with those prepared by conventional cooling
crystallizations, either frompure liquid ethyl acetate solutions or from themelt. It is shown that themonoclinic E form of stearic
acid is more favored when using kinetically controlled crystallizations, like the DELOS one, in which a high supersaturation
level is rapidly achieved. Remarkably, the DELOS process provides for the first time a pure polymorphic monoclinic E form,
without the presence of traces from other polymorphs that always are present when using other kinetically drivenmethods, such
as the conventional fast cooling. On the contrary, the C polymorph is preferentially obtained by the thermodynamically
controlled GAS technique in which the increase of the solution supersaturation is slower and/or low supersaturation levels are
attained.

Introduction

Polymorphism plays an important role in soft materials
that occur in the huge industries of fat-based food products,
such as chocolate, ice cream, and margarine, as well as in the
chemistry of compounds with long alkyl chains.1,2 Thus, the
melting point and melting behavior are clearly important
physical properties of such products, and their external
appearance, taste, stability, etc. are to a great extent deter-
mined by the structure of the solid fat phase. Polymorphism is
also very common in connection with pharmaceutical drug
substances since their solubility and bioavailability are
determined by the crystalline structure adopted by the solid
drugs.1-6 In addition, the drug substance will in most cases be
handled as a solid in some stages of the manufacturing
process, and its handling and stability properties may depend
on the solid phase. Consequently, the control of the produc-
tion of a given solid polymorph is of the utmost importance in
such commercial applications and industries. A polymorph
canbedefinedas a solid crystallinephaseof a given compound
resulting from the possibility of at least two different arrange-
ments of the molecules in the solid state without a composi-
tional variation.7 In order to obtain a certain polymorph of a
compound, it becomes necessary to know what is called the
occurrence domain,8 which consists of the collection of ex-
perimental conditions under which such a polymorph would
crystallize. The most common conditions controlling the
polymorphic forms are the nature of solvent employed, the
temperature range, and the rate of evaporation or cooling of
the crystallization process since such conditions govern the
thermodynamics and kinetics of the crystallizations.

In recent years, several crystallization techniques based
upon the utilization of compressed fluids (CF) as crystal-
lization media have been developed.9 The most usual com-
pressed fluids employed in such techniques are pure CO2 in
liquid or supercritical conditions and organic solvents ex-
panded with CO2.

10-17 The main advantage of using CF in
terms of crystallization efficiency arises from the introduction
of the pressure as a new degree of freedom to control the
crystallization phenomena. Pressure is especially influential in
the control of the supersaturation ratio (β) during crystal-
lization phenomena, and hence it has a strong influence on the
evolution of nucleation and crystal growth steps. Thus, inCF-
based crystallizations sudden changes in pressure usually lead
to abrupt changes in the supersaturation profiles which
produce a dominance of nucleation phenomenon over the
crystal growth leading to the precipitation of small and
monodisperse particles of the solute. However, the change
in pressure influences not only the kinetics and the thermo-
dynamics of the process governing the particle formation but
also the occurrence of different polymorphic forms of the
crystallized compound.18 The crystallization technique known
as Depressurization of an Expanded Liquid Organic Solu-
tion (DELOS) is a process that uses a CF for the straight-
forward production of nano- or micrometer-sized crystalline
particles.19,20 Like in the Gas Antisolvent (GAS) technique,
DELOS consists of a crystallization performed over CO2-
expanded organic solutions. In DELOS, the precipitation
is caused by the large and greatly homogeneous temperature
decrease ; from the working temperature, TW, to the final
one, TF, (ΔT = TF - TW) ; experienced by the CO2-
expanded solution of the solute to crystallize when it is
depressurized. This sudden temperature decrease is provoked
by the evaporation of CO2 from the expanded solution during
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the depressurization step favoring the kinetically driven crys-
tallizations. The higher the CO2 content, the higher tempera-
ture is required for its vaporization resulting in a larger
temperature decrease and consequently an abrupt change of
the supersaturation profile is also produced.21 Contrarily, the
driving force of aGAS process is the antisolvent effect of CO2

manifested during the expansion of the solution of the solute
in the organic solvent. In this method, the addition of CO2

reduces the solvating power resulting in precipitation of the
solute. Therefore, in both crystallization techniques the super-
saturation is differently generated. This fact is very important
when trying to modify the balance between thermodynamics
and kinetics responsible for the occurrence of one polymorph
instead of others.

In the present work, we have used the stearic acid for
studying the capability of theDELOSmethod for the produc-
tion of kinetically driven polymorphs. This compound was
chosen as a model molecule of long alkyl chain compounds
because it is extremely rich in polymorphic forms. Indeed,
stearic acid, like other lipids and related long alkyl chain
compounds, may crystallize into several polymorphic forms
depending on the conditions in which the crystallization is
performed.Up to now, five polymorphic phases of stearic acid
have been reported:22 two triclinic forms belonging to what is
called the A-form, the A2 and A3 forms whose structures are
still not known, and three monoclinic forms having an
orthorhombic subcell, called B, C, and E polymorphs. B
and E polymorphs show the phenomenon called polytypism
that correspond to a higher order structural difference caused
by the different stacking sequences of the layers. In bothBand
E forms, there are two distinct polytypes: one showing a
single-layered structure with a monoclinic space symmetry
(Em) and another exhibiting a double-layered structure with
orthorhombic space symmetry (Eo). With regard to the
thermodynamic stability of these polymorphs, it is known
that the B and C forms are stable below and above 305 K,
respectively, while the A and E forms are considered as
metastable phases in the whole temperature region.8

In a previous work,23 it has been demonstrated that in
general terms, stearic acid crystallizes predominantly into the
Em form with traces of Eo and C forms from rapid crystal-
lization experiments. From slow crystallization conditions,
forms A2, Bo, Bm, Em, and C are obtained. A2 form is mainly
obtained from isooctane at room temperature, Bm form is
mainly obtained from toluene at 273 K, and finally, Bo form
with traces of Bm is obtained from toluene at 298 K. On

heating, the low temperature phases (A, E, B) experience an
irreversible first-order solid-solid transition into the C form.
TheC formmelts, and it is recovered from themelt on cooling,
remaining metastable. However, the pure Em form has never
been achieved by using conventional crystallization methods.

Experimental Section

Chemicals. Stearic acid (purity 99.5%) was purchased from
Fluka (Steinheim, Germany), ethyl acetate (purity 99%) was pur-
chased from SDS (Peypin, France), and CO2 (purity 99.995%) was
supplied by Carburos Met�alicos S.A. (Barcelona, Spain). All che-
micals were employed without further purification.

Crystallizations with Compressed Fluids. Crystallizations of stea-
ric acid by means of DELOS and GAS methods were performed
always using “CO2-expanded ethyl acetate”, as the solvent media,
with the equipment described in previous works.19,21 The opera-
tional procedure and experimental conditions employed in the
DELOS method were as follows. A known volume of a solution
of stearic acid in ethyl acetate, with a known initial supersaturation
ratio βΙ of 0.8 (βΙ=CI/CS; where CI is the initial concentration and
CS is the saturation limit of stearic acid in ethyl acetate), was loaded
in a high-pressure vessel. During all the experiments, the working
temperature (TW) was kept constant at 298 K. The initial solution
was then pressurized up to the desired working pressure, PW = 10
MPa, by the addition of a given amount of CO2, which is repre-
sented as a CO2 molar fraction, XW, of the expanded solvent. After
leaving the system under the same conditions for 30-60 min, in
order to achieve a complete homogenization and its thermal equili-
bration, the solution was depressurized over a nonreturn valve from
PW to atmospheric pressure. When the solution depressurization
started, the temperature, registered after the depressurization
valve, decreased suddenly until reaching a constant value. This final
temperature value was taken as TF enabling one to calculate the
temperature decrease, ΔT = TF - TW. In all DELOS crystal-
lizations, we have used aPW of 10MPa in order to ensure that there
is a single liquid phase in the autoclave, before depressurization, and
guarantee a good control ofΔT values while depressurizing. Several
crystallization experiments of stearic acid from “CO2-expanded
ethyl acetate” were carried out using such methodology. In such
experiments, different CO2 contents, XW = 0.3, 0.5, 0.7 and 0.8,
were used leading to the following values of temperature decrease
ΔT = -20, -38, -68, and -80 degrees, respectively. Only in the
experiment withXW= 0.8, solid particles were also obtained inside
the high-pressure vessel (GAS vessel) due to the antisolvent effect of
CO2 at such a high molar ratio. The crystals produced through the
GAS method, during the CO2 addition, were collected at PW on a
filter plate placed inside the high-pressure vessel, whereas the
precipitate produced by the DELOS method, during the depressur-
ization, was collected at atmospheric pressure on a filter placed after
the depressurization valve. In both methods, after the filtration, the
precipitated solid was washed with a flow of liquid CO2 at 3 MPa

Scheme 1. Schematic Molecular Arrangements Shown in the Solid State by the Polymorphs B, C, A, and E of Stearic Acid
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and 293 K for 60 min. Crystallinity of samples was always checked
by means of an optical microscope with crossed polarizers.

Conventional Crystallization Methods. Crystals of stearic acid
were also prepared by conventional cooling crystallizations. Thus, a
solution of stearic acid in ethyl acetate, at 298K andwith a βΙ=0.8,
was abruptly introduced in an external bath (acetonitrile/CO2) at
231 K (ΔT = -68 deg) yielding a microcrystalline sample which
was filtered and dried under vacuum. In addition, a sample of
microcrystalline stearic acid was also obtained after immersing a
solid sample of stearic acid in an external bath at 353K and keeping
afterward the melted sample at room temperature for several hours
until it solidified. A third sample was obtained by dissolution in
diethyl ether at 298 K and rapid evaporation by passing a stream of
nitrogen gas over a saturated solution, with continuous magnetic
stirring. Crystallinity of samples was always checked bymeans of an
optical microscope with crossed polarizers.

FT-IR Spectroscopy. IR spectra of all resulting microcrystalline
samples of stearic acid, dispersed in solid KBr, were recorded with
a Perkin-Elmer Spectrum One spectrometer. The spectra were
scanned from 4000 to 400 cm-1 with a resolution of 4 cm-1 taking
10 scans in each spectrum. In order to compare the spectra of
different samples, they were normalized in relation to the lowest
transmittance value in the 1250-500 cm-1 range.

Powder X-ray Diffractrometry (PXRD). Powder X-ray diffrac-
tion patterns were obtained with a Rigaku DS5000 diffractometer
using a Cu anode (λ = 1.540598 Å). Step size was 0.02� in a 2θ
interval from3.0� to 40.0�. PowderX-ray diffractogram simulations
of the different polymorphs were obtained using the program
CRYSTALLOGRAPHICA v1.22a (Oxford Cryosystems Ltd.,
1995-1997) using the previously reported data of single crystals
of each polymorphic form. In order to facilitate the comparison of
diffractograms, the plots were normalized with respect to the
maximum peak found in the 3� to 15� and 20� to 25� ranges.

Complementary high-resolution measurements were also per-
formed with a PANalytical X’Pert ProMPD powder diffractometer,
equippedwith aHybridmonochromator and aX’Celerator detector.
This diffractometer operates with Debye-Scherrer transmission
geometry. The sample is introduced in a 0.5mmdiameter Lindemann
glass capillary. The latter is rotated about its axis during the
measurement in order to minimize preferential orientations of
the crystallites. The step size was 0.008� from 1.508 to 50� in 2θ
and the measuring time was 1150 s per step.

Scanning Electron Microscopy (SEM). SEM images of produced
particles were recorded using a Hitachi scanning electron micro-
scope, model S-570. Dry powder samples were sputtered and coated
with a conducting gold layer.

Differential Scanning Calorimetry (DSC). Calorimetric measure-
ments were made with a Perkin-Elmer DSC-7 calorimeter. In
sealed aluminum pans, the samples were heated at a constant rate
of 2 K/ min from 298 to 348 K. The amount of sample used for each
measurement ranged between 4.7 and 4.9 mg. The instrument was
calibrated using indium and n-decane as external standards to
determine temperature and enthalpy.

Results and Discussion

Figure 1 shows the solubility data of stearic acid in CO2-
expanded ethyl acetate at 293 K and 6 MPa at different CO2

compositions,24 showing that the CO2 acts as a cosolvent in a
wide rangeofmolar fractions; from0.0 to 0.8;while it acts
as antisolvent at highermolar fractions ofCO2. This solubility
behavior suggests that the DELOS method is the most
appropriate one in order to crystallize with high yields such
a solute using compressed CO2, whereas the GAS method is
only effective at CO2 molar fractions larger than 0.8.19,21

Figures 2 and 3 show, respectively, the FT-IR spectra and
PXRDpatterns of crystalline solids of stearic acidobtained by
the melt crystallization and by the DELOS method at differ-
ent conditions. As it was mentioned above, the melt crystal-
lization yields only the C polymorphic form, which shows a
strong IR band at 941 cm-1 (Figure 2a) corresponding to the

OH bending vibration band (δOH) of the carboxyl group and
also exhibits a typical PXRD pattern (Figure 3a).25 In con-
trast, the IR spectrum of stearic acid processed by DELOS at
XW=0.8 (Figure 2e) shows theδOHband shifted to892 cm-1.

Figure 1. Solubility diagram of stearic acid in ethyl acetate/CO2

mixtures at 293 K and 6 MPa obtained from ref 24. XW is the CO2

molar fraction in the expanded solvent.

Figure 2. FT-IR spectra of stearic acid crystallized from (a) themelt
and by the DELOS method using the following conditions: (b)
XW = 0.3, ΔT=-20 deg; (c) XW = 0.5, ΔT=-38 deg; (d) XW =
0.7, ΔT = -68 deg; and (e) XW = 0.8, ΔT = -80 deg.

Figure 3. PXRD patterns of stearic acid crystallized from (a) the
melt and by the DELOS method using the following conditions: (b)
XW= 0.3,ΔT=-20 deg; (c)XW= 0.5,ΔT=-38 deg; (d)XW=
0.7, ΔT = -68 deg; (e) XW = 0.8, ΔT = -80 deg. Dotted lines
correspond to simulated diffractograms obtained from crystalline
structure data of the monoclinic C form and the monoclinic poly-
type of E form.



Article Crystal Growth & Design, Vol. 10, No. 3, 2010 1229

Thepositionof this band, aswell as the thin-platemorphology
observed in the SEM image (see Figure 4), suggests the
formation of either the B or the E polymorphic forms. The
distinction between the B and E polymorphs was provided by
the analysis of the OCO in-plane deformation band (δOCO)
which shows a maximum at 648 cm-1 and 688 cm-1 for the B
and the E form, respectively.26 In the IR spectrum of the
DELOS processed material (Figure 2e), this in-plane defor-
mation appears as a weak band at 685 cm-1 allowing assign-
ment to the E polymorph. In addition, the regularly spaced
progressionof bands assigned to thewagging vibrations of the
CH2 groups in the alkyl chains (1180-1320 cm-1) confirms
the absence of the B polymorph. The polytype of such a
crystallineE formwas finally determinedby its PXRDpattern
(Figure 3e) which is identical, both in the Bragg positions and
in the relative intensitydistribution, to that simulated from the
monoclinic crystal structure of polymorph E, consisting of a
single-layered structure.27

The FT-IR spectra and the PXRD patterns of the different
crystalline solids obtained by DELOS crystallizations at
different values of XW are also given in Figures 2 and 3. As
it can be observed, when the absolute value of the temperature
decrease ΔT is higher or equal to 38 deg, the crystalline solids
produced under such conditions are composed by a pure Em

form (Figures 2c-e and 3c-e). However, forΔT values lower
than 38 deg, even though the monoclinic E-form is the most
abundant, small quantities of the C form were also detected
(Figures 2b and 3b), as revealed by the presence of a weak
peak corresponding to (003) reflection in the PXRD pattern.
Therefore, the occurrence domain, in relation to ΔT, of the
pure monoclinic E phase of stearic acid crystallized in “CO2-
expandedethyl acetate” by theDELOSmethod includes those
ΔT values equal or higher than 38 deg and corresponds to
those conditions where higher supersaturation levels, βmax,
are attained. Below this ΔT range, the E and C forms
concomitantly crystallize.28

FT-IR spectra and PXRD patterns of the crystalline solids
obtained by a conventional cooling crystallization and by a
typical DELOS experiment are shown in Figures 5 and 6,
respectively, together with those obtained by crystallization
from the melt. The conventional cooling crystallization and

the DELOS experiment were performed in ethyl acetate and
with the sameΔTmagnitude. As it can be observed, amixture
of the monoclinic E form and the C form are present in the
sample obtained by a conventional cooling crystallization,
whereas through theDELOSprocess puremonoclinic E form
is produced according to the PXRDpattern. Such a difference
can be attributed to the much slower cooling rate and the less
homogeneous supersaturation rate occurring over all the
solution in the conventional cooling process than that experi-
enced in the DELOS crystallization. The sudden CO2

evaporation experienced during the depressurization of the
CO2-expanded solution causes a highly homogeneous cooling
that is impossible to achieve by conventional cooling crystal-
lization methods.

FT-IR spectra and the PXRD patterns of the crystalline
solids produced in a GAS and DELOS experiments, using in
both cases “CO2-expanded ethyl acetate” with the same CO2

content (XW=0.8), are compared in Figures 7 and 8. Results
of the GAS process were very similar to those corresponding
to the solid crystallized from the melt, indicating that the
resulting crystalline solid is composed of theC formwith a small
amount of the E form, as detected in the PXRDpattern by the
presence of a weak peak at 5.98� in 2θ corresponding to the

Figure 4. Microparticles of stearic acid with thin-plate morpho-
logy obtained from aDELOS experiment withXW=0.8 andΔT=
-80 deg.

Figure 5. FT-IR spectra of stearic acid crystallized (a) from the
melt; (b) by a conventional cooling technique; and (c) by the
DELOS method with XW = 0.7, ΔT = -68 deg.

Figure 6. PXRD patterns of stearic acid crystallized (a) from the
melt; (b) by a conventional cooling technique; and (c) by the
DELOS method with XW = 0.7, ΔT = -68 deg. Dotted lines
correspond to simulated diffractograms obtained from crystalline
structure data of the monoclinic C form and the monoclinic poly-
type E form.
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(006) reflection of the E form. The different polymorphic
nature obtained in the GAS experiment is a consequence of
theweakantisolvent character ofCO2over the system“stearic
acid/ethyl acetate/CO2”, which is inferred from the high XW

values required for the precipitation of stearic acid (see
solubility behavior in Figure 1). This weak driving force
means that, evenat high concentrations ofCO2, themaximum
supersaturation reached in a GAS process is remarkably
smaller than that achieved at the same working conditions
in a DELOS experiment and the thermodynamical driven
forms are thereby favored in the GAS process. For that
reason, the formation of the C form is promoted by the
GAS process, whereas the formation of the monoclinic E
form, favored by the higher supersaturation levels attained, is
promoted by the DELOS process.

From the results obtained in theFT-IRandPXRDanalysis
of the different samples reported here, it is shown the existence
of a competition between the monoclinic E form and the C
form in crystallizations performed both in pure ethyl acetate
and in “CO2-expanded ethyl acetate”. It has also been demon-
strated that this competition is driven to the E form when the
supersaturation level is increased. This is the case for DELOS
experiments, where the supersaturation levels are achieved in
an extremely homogeneousmanner leading to the production

of a powder with only the pure Emonoclinic polymorph. This
polymorphic purity has been even confirmed by high-resolu-
tion PXRD measurements using Debye-Scherrer transmis-
sion geometry. The diffraction pattern corresponding to
stearic acid processed by DELOS at XW = 0.8 is shown in
Figure 9 together with the diffraction pattern of a sample
obtained by dissolution and rapid evaporation in diethyl ether
at 298 K, where a mixture of Em (predominant) and Eo (trace
levels) forms is obtained.Remarkably, in these high resolution
measurements, neither the reflections that permit identifica-
tion of the Eo form, even at trace levels, nor the ones related to
C-form appear in DELOS sample. Therefore, it is confirmed
from these measurements that the DELOS process is able
to ensure a very high polymorphic purity of a metastable
polymorph, such as the Em form, which lead to the conclu-
sion that this crystallization method is the most kinetically
driven from the ones assayed in this work. As far as we know,
this polymorphic purity of Em form powders had never been
achieved.

The thermodynamic relationship between the E and C
polymorphs has been already studied elsewhere,22,23,29 and
here it is confirmed by differential scanning calorimetry
(DSC) analysis. The DSC trace of the pure monoclinic E
form, obtained by DELOS experiments at XW = 0.8 and
ΔT = -80 deg, exhibits a weak endothermic peak at 317 K
with a transition enthalpy of 3.2( 0.3 kJ/mol, not observed in
crystals obtained from the melt. This transition is observed at
327 K with a transition enthalpy of 4.3 ( 0.3 kJ/mol for the
sample mixture of Em and Eo forms (Figure 10). Such a weak
peak corresponds to a solid-solid transition from the mono-
clinic E phase to the monoclinic C phase. The differences
observed between both samples can be attributed to the
different values of mean particle size (1 μm inDELOS sample
and 80 μm in fast evaporation method sample; as determined
by SEM images) and to the higher polymorphic purity of the
DELOS sample. Therefore, it can be stated that the solid-
solid transition enthalpy of the sample mixture of E forms is
overestimated due to the presence of Eo form; hence, the
DELOSmethodhas enabled the determination of an accurate
valueofEm-Ctransition.On theotherhand, the endothermic
nature of this solid-solid transition points out that both
polymorphs are enantiotropically related which means that

Figure 7. FT-IR spectra of stearic acid crystallized (a) from the
melt; (b) by a GAS method at XW = 0.8; and (c) by a DELOS
method at XW = 0.8, ΔT = -80 deg.

Figure 8. PXRD patterns of stearic acid crystallized (a) from the
melt; (b) by a GAS method at XW = 0.8; and (c) by a DELOS
method at XW = 0.8, ΔT = -80 deg. Dotted lines correspond to
simulated diffractograms obtained from crystalline structure data
of the monoclinic C form and the monoclinic polytype of E form.

Figure 9. PXRD patterns of stearic acid crystallized samples: (a)
obtained by dissolution and evaporation in diethyl ether at 298 K;
(b) by a DELOS method at XW= 0.8,ΔT=-80 deg. Dotted lines
correspond to diffractograms simulated from the structure of the
monoclinic C form, the monoclinic, and orthorhombic polytypes of
E form. The reflections marked by * permit identification of the
Eo form in a mixture with Em form.
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the Em form becomes thermodynamically more stable than
the C form at a temperature lower than 317 K.28 In previous
literature, it has been reported that other experimental tech-
niques show this solid-solid transition at 318 K when heat-
ing.22 However, Kaneko et al. have concluded that the Gibbs
free energy crossing point is far below the experimental
transition temperature owing to kinetic reasons related with
the high potential barrier at the initiation of the structural
changes which lead from one polymorph to the other.30

Therefore, the C polymorph has probably a lower free energy
than the E form until a temperature far below ambient
temperature. Anyway, it has to be taken into account that
below the E-C thermodynamic transition point, the E form is
still a metastable polymorph in relation to the B, which is
claimed as the most stable polymorph at room temperature.8

The C form is hence thermodynamically enhanced at room
temperature over the E form. At lower temperatures, such as
the ones reached in the DELOS process, the E form may
become thermodynamically enhanced in relation to the C
form.However, in sucha process, the thermodynamic balance
is less deterministic in the polymorphic production than the
kinetic control owing to the high supersaturation rates that
this method is able to produce. A first outcome of this kinetic
control has been observed in Figure 4 and consists of the
production of amonodisperse andmicroparticulatedmaterial
of stearic acid. Another consequence has been manifested in
the present work through the occurrence, in most of the
experiments, of the pure metastable E monoclinic form.
Therefore, the Em form is a kinetically enhanced polymorph,
which nucleation is able to relieve the high supersaturations
reached in the DELOS process.

Conclusions

From the results presented in this work, it can be inferred
that theprecipitationof puremonoclinicE formof stearic acid
is favored byDELOS process, a kinetically controlled crystal-
lization in which high supersaturation levels are rapidly
achieved. On the contrary, conventional fast cooling or fast
evaporation crystallization techniques are not able to generate
such supersaturation levels and nucleation, and in this case
competition between Em and C forms, or Em and Eo forms,
lead them to be crystallized as concomitant polymorphs. This
result indicates that the DELOS crystallization is especially
indicated for obtaining kinetically controlled polymorphs of
exceptional polymorphic purity, which enables, for example,
one to take advantage of their specific properties, as well as to

perform their proper characterization. Finally, GAS crystal-
lizations carried out in the system “stearic acid/ethyl acetate/
CO2” give the thermodynamically enhanced C form because
of the low influence of kinetic aspects when applying this
technique to this system.
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