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a b s t r a c t

The aim of this work was to develop a method which uses experimentally obtainable data to predict
the complete phase diagram of drug–polymer solid dispersion systems, for the first time in literature.
Felodipine–poly(acrylic acid) (PAA) solid dispersion was used as an example to illustrate the application of
this method. Samples were prepared with different drug loading and analyzed using differential scanning
eywords:
olid dispersion
he Flory–Huggins theory
hase diagram
hase separation

calorimetry (DSC). Values of the drug–polymer interaction parameter �(Tm) were calculated from the
drug crystal melting point depression data. Since � is a function of temperature (� ∼ 1/T) according
to the Flory–Huggins theory, the obtained �–T relationship thus enabled calculation of the complete
temperature-composition phase diagram of a drug–polymer solid dispersion system. In experiments,
felodipine was shown to be immiscible with PAA in almost the whole range of drug content at room
temperature. Two glass transition temperatures were observed, corresponding to almost pure felodipine

ly, in
elodipine/PAA system and pure PAA, respective

. Introduction

The enhancement of bioavailability of poorly water-soluble
rugs is one of the most challenging problems in pharmaceuti-
al science. Drug–polymer solid dispersion can markedly improve
he dissolution rate of drugs and lead to higher bioavailability
Chiou and Riegelman, 1971; Leuner and Dressman, 2000; Yu,
001). However, due to the lack of miscibility between most of the

nsoluble drugs and commonly used hydrophilic polymers, drug
ends to crystallize out of the initially homogeneous drug/polymer
olution during storage, especially at high drug loading and/or
hen exposed to moisture (Serajuddin, 1999; Vasconcelos et al.,

007; Rumondor et al., 2009a; Marsac et al., 2010). Besides drug
rystallization, amorphous phase separation may also take place
Friesen et al., 2008; Janssens and Van den Mooter, 2009) and gen-
rate drug-rich and polymer-rich amorphous domains, which are
till thermodynamically unstable in comparison with drug crystal.
ence, crystallization may start from these amorphous domains

nstead of the homogeneous drug/polymer solution (Six et al., 2003;
asanthavada et al., 2005; Rumondor et al., 2009c). In addition,

oth crystallization and amorphous phase separation may be inter-
upted by the glass transition (Cheng, 2008; Qian et al., 2010).
herefore, for an apparently simple drug–polymer two-component
ystem, it can go through multiple phase separation pathways

∗ Corresponding author. Tel.: +86 10 6279 7572.
E-mail address: yanbin@tsinghua.edu.cn (Y. Huang).

378-5173/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijpharm.2010.08.013
consistent with the predicted phase behavior.
© 2010 Elsevier B.V. All rights reserved.

and kinetically trapped in different metastable points in the
temperature-composition phase diagram. Consequently, the drug
dispersion structures may vary depending both on the composition
and the thermal treatment history of the solid dispersion systems.
Therefore, it is highly desirable to construct a complete phase dia-
gram as a map where the possible phases of a solid dispersion
system can be located, including the liquid–solid phase transi-
tion curve (i.e., the crystallization curve, along which drug crystals
coexist with a drug/polymer glass solution in equilibrium), the
amorphous phase separation curves, and the glass transition curve.

Based on the polymer solution theory, a typical phase diagram
of a small molecule–polymer system looks like Fig. 1, including
the liquid–solid phase transition curve, the bimodal and spinodal
amorphous phase separation curves, and the glass transition tem-
perature (Tg) curve (Cheng, 2008).

The liquid–solid transition curve represents the equilibrium
solubility of drug crystals in the polymer matrix at different tem-
peratures. The area above this curve means that drugs are dissolved
in polymer and form an unsaturated solution, while the area below
means that the drug loading in the solid dispersion is above its equi-
librium solubility, and drug molecules tend to precipitate out as
drug crystals which exist in equilibrium with a drug/polymer solu-
tion whose composition is determined by the liquid–solid phase

transition curve.

As first proposed by Mohan et al. (2002) and later applied to
solid dispersion systems by Taylor’s and Yu’s groups (Marsac et
al., 2006, 2009; Tao et al., 2009), this liquid–solid transition curve
can be determined via differential scanning calorimetry (DSC) mea-

dx.doi.org/10.1016/j.ijpharm.2010.08.013
http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:yanbin@tsinghua.edu.cn
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ig. 1. A theoretical phase diagram of drug–polymer solid dispersions based on the
olymer solution theory (Koningsveld et al., 2001).

urement through the end points of the melting peaks. However, as
ointed out previously (Marsac et al., 2006; Qian et al., 2010), only
art of the curve at temperatures above Tg could be obtained exper-

mentally, because of the high viscosity at lower temperatures and
he difficulty for the system to reach equilibrium.

When the system is cooled to temperature below the
iquid–solid phase transition curve, amorphous (liquid–liquid)
hase separation may take place prior to drug crystallization, and
morphous polymer-rich and drug-rich phases are formed (Cheng,
008). Here drug crystallization represents the thermodynami-
ally stable state, while amorphous phase separation represents
he metastable states.

As shown in Fig. 1, the amorphous phase separation is defined
y two curves. The binodal curve represents the metastable
morphous phase separation line (polymer-rich and drug-rich
hases coexist with each other), while the spinodal curve repre-
ents a change in the mechanism of amorphous phase separation
Rubinstein and Colby, 2003; Cheng, 2008): for systems within the
rea between the binodal and spinodal curves, amorphous phase
eparation goes through a nucleation & growth pathway, where the
rug-rich domains first form as small droplets and grow in size; on
he other hand, for systems below the spinodal curve, amorphous
hase separation forms bicontinuous polymer-rich and drug-rich
omains at first and then goes through a coarsening process. Clas-
ical polymer textbooks (e.g., Strobl, 2007) have more information
n the amorphous phase separation mechanisms and their phase
tructure evolution. In principle, these transient phase structures
ould be fixed by cooling down the sample below the glass tran-
ition temperature, and this provides our motivation to study the
hase diagram as a guiding map for future studies.

The glass transition is not a real phase transition, but it is very
mportant for phase separation kinetics and structure formation
Cheng, 2008). The glass transition curve can be easily determined
ia DSC measurement. Several studies in literatures observed or
mplied two glass transition temperatures in their solid dispersion
amples, indicating amorphous phase separation (Wiranidchapong
t al., 2008; Gashi et al., 2009; Rumondor et al., 2009a,b). However,
o systematic study on the amorphous phase separation curves was
eported. Light scattering is a classical method to experimentally
etermine the amorphous phase separation curves (Koningsveld
t al., 2001), but a prediction of their approximate locations will
ignificantly simplify the experiment design. The glass transition
emperature curve and the Berghmans’ Point will be discussed in
ore detail in Section 2.4.
According to the Flory–Huggins polymer solution theory (Flory,

953), the drug–polymer temperature-composition phase diagram
an be predicted if we know how the drug–polymer interaction
arameter � changes with temperature (it should be noted that,
Pharmaceutics 399 (2010) 109–115

in the Flory–Huggins theory, � is a function of temperature only).
Marsac et al. (2006, 2009) first used the melting point depression
data to predict � by using Eq. (1):

1
Tm

− 1

T0
m

= − R

�H

(
ln � +

(
1 − 1

m

)
(1 − �) + �(1 − �)2

)
(1)

where Tm and T0
m are the melting temperatures of the drug crystal

in drug/polymer mixtures and the pure drug, respectively, R is the
gas constant, �H is the heat of fusion of the pure drug, � is the
volume fraction of the drug and m is the ratio of the volume of a
polymer chain to that of a lattice site (defined here as the volume of
a drug molecule), � is the drug–polymer interaction parameter. In
their work, interaction parameter was calculated as a constant, but
according to the Flory–Huggins theory (Flory, 1953) and as recently
pointed out by Janssens and Van den Mooter (2009) and Qian et al.
(2010), � is a function of temperature which can be empirically
described by Eq. (2) (Rubinstein and Colby, 2003):

� = A + B

T
(2)

where A and B are constants. Eq. (2) is the widely used empirical
expression for �, where A is referred to as the non-combinatorial
entropic contribution to �, while B/T is the enthalpic contri-
bution (Rubinstein and Colby, 2003, p. 145). By using Eq. (2),
we neglected the possible dependence of � on drug concen-
tration and higher terms of T (e.g., T2). In the Flory–Huggins
theory, � represents the interaction between polymer segments
and drug molecules. A negative � means that the attraction
between a polymer–drug pair is stronger than the average attrac-
tion between a polymer–polymer pair and a drug–drug pair
(i.e., drug–polymer > 1/2(drug–drug + polymer–polymer)), so drug
molecules prefer to be in contact with polymer segments than with
other drug molecules. Values of � become more negative when this
preference becomes stronger. On the other hand, a positive � means
drug molecules and polymer segments prefer to be in contact with
those of their own kind rather than mixing with each other. The key
point of our method is to realize that the � values obtained from
the melting point depression data via Eq. (1) correspond to those
at temperature Tm. Thus, by measuring melting points of drugs in
solid dispersion at different drug/polymer ratios, we can actually
obtain a series of � values at different Tm. By plotting the � ∼ 1/T
data according to Eq. (2), we can obtain parameters A and B and then
predict � at any temperature. Afterwards, the complete phase dia-
gram can be predicted within the framework of the Flory–Huggins
theory.

In the following, we will use the felodipine–poly(acrylic acid)
(PAA) system to exemplify how a complete phase diagram can
be predicted from data obtained through thermal analysis. The
felodipine–PAA system was chosen because it was previously
demonstrated by Rumondor et al. (2009b) to show amorphous
phase separation.

2. Materials and methods

2.1. Materials

Felodipine was a generous gift from Hefei Cubic Phar-
maceutical Company (Anhui, China). Poly(acrylic acid) (PAA,
average Mw ≈ 1800) was purchased from Sigma–Aldrich (Batch #
117K5055).
2.2. Sample preparation

PAA was dried in a desiccator over phosphorus pentoxide pow-
der for at least 1 week before use. Felodipine and PAA with different
weight ratios (total weight 0.5 g) were dissolved in 20 ml ethanol
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Table 1
Parameters used to calculate interaction parameter and the free energy of mixing.
D. Lin, Y. Huang / International Jour

nd stirred for 24 h to ensure complete dissolution. The solvent was
hen removed using a rotary evaporator. Samples were collected
nd subsequently further dried under vacuum at 50 ◦C for 24 h to
emove residual solvent. The resulting material was milled gently
ith a pestle and mortar, passed through a mesh-100 filter, and

tored in a desiccator over phosphorus pentoxide powder at room
emperature before test. Two sets of samples were prepared at each
oncentration.

.3. Melting point measurement

The melting temperature of felodipine in the solid dispersion
as measured with DSC (SHIMADZU DSC-60). The instrument was

alibrated for temperature and enthalpy measurement by using
ndium and zinc. Before measurement, samples were first annealed
nder vacuum at 100 ◦C for 2.5 h to promote drug crystallization

n the sample. The annealing temperature was chosen to be 100 ◦C
ecause it is close to the glass transition temperature of poly(acrylic
cid) in order to facilitate drug crystallization. In the DSC test, sam-
les were first heated to 110 ◦C at a scan rate of 10 ◦C/min, and then
ontinue to 155 ◦C at a scan rate of 1 ◦C/min to obtain the melting
emperature value as close to the equilibrium one as possible (Tao
t al., 2009). The end points of melting were calculated from DSC
hermograms as the intersection of the falling edge of the melting
ndotherm and the post-melting baseline.

The glass transition temperatures were measured with a TA
nstrument DSC Q2000, whose temperature calibration was done
y using indium. Samples were pre-heated in the DSC pan to 160 ◦C,
ooled to 0 ◦C, and reheated to 120 ◦C (all with a scan rate of
0 ◦C/min).

.4. Method development

.4.1. Melting point depression and the relationship between �
nd T

Melting of a pure drug occurs at the temperature when the
hemical potential of the crystalline drug is equal to the chemi-
al potential of the drug melt. If the melt drug is miscible with
polymer and dissolved in it, the chemical potential of the drug

n the solution will be lower than that of the pure drug melt, and
his phenomenon leads to melting point depression of drug crystals
mbedded in the polymer matrix (Marsac et al., 2009), as described
y Eq. (1). As somehow overlooked by the previous studies and
ecently pointed out by Janssens and Van den Mooter (2009) and
ian et al. (2010), � is a function of temperature (Eq. (2)). Taking a
loser look at the derivation of Eq. (1), � is actually corresponding to
he interaction parameter at Tm. Thus, from melting point depres-
ion measurement of samples with different drug loading, we can
btain interaction parameter values at different temperatures, and
se Eq. (2) to get A and B by a linear fit of � vs. 1/T.

.4.2. Prediction of the complete liquid–solid phase transition
urve

After knowing A and B, we can calculate the interaction param-
ters at other temperatures. Thus, the complete liquid–solid phase
ransition curve can be constructed using Eq. (1), and we can predict
he equilibrium drug solubility in polymer at temperatures below
g, which cannot be obtained experimentally (Tao et al., 2009; Qian
t al., 2010).

.4.3. Prediction of the amorphous phase separation curves

According to the Flory–Huggins theory, the free energy of mix-

ng for drug–polymer solid dispersion can be described by Eq. (3):

G = RT
[

� ln � + 1 − �

m
ln(1 − �) + ��(1 − �)

]
(3)
Mw (g/mol) Density (g/cm3)

Felodipine 384.26 1.28 (Marsac et al., 2006)
PAA 1800 1.27 (Yu et al., 2006)

Then, the spinodal phase separation curve (Ts − �) can be calcu-
lated by equating the second derivative of the free energy to zero
and expressed as (Eq. (4)):

Ts = 2B

(1/�) + (1/(m(1 − �))) − 2A
(4)

The phase boundary (the binodal phase separation curve Tb − �)
is determined by the common tangent of the free energy at the
compositions �′ and �′′ corresponding to the two phases resulted
from the amorphous phase separation:(

∂�G

∂�

)
�=�′

=
(

∂�G

∂�

)
�=�′′

at Tb (5)

Eq. (5) can be solved with a simple computer program. For more
details, please see Rubinstein and Colby (2003).

Table 1 shows the parameters used to calculate � according to
Eq. (1), the ratio of the volume of a polymer chain to that of a lat-
tice site (defined here as the volume of a drug molecule) can be
calculated by Eq. (6):

m = Mw(PAA)/�(PAA)
Mw(felodipine)/�(felodipine)

(6)

2.4.4. The significance of the Berghmans’ Point
Fig. 1 shows the theoretical phase separation curves of a

drug–polymer system with an upper critical solution temperature
(UCST) behavior (Koningsveld et al., 2001; Cheng, 2008). At high
temperatures, the two components are miscible, and there is a
single Tg for the system, usually described by the Fox Equation:

1
Tg

= ω1

Tg1
+ ω2

Tg2
(7)

where ωi and Tgi are the weight fraction and glass transition tem-
perature of each component i, respectively. When the temperature
is lowered, the liquid–liquid phase separation may take place first
before crystallization, as the former has a lower energy barrier to
overcome than the latter (Janssens and Van den Mooter, 2009;
Qian et al., 2010). After amorphous phase separation, the system
is divided into polymer-rich and drug-rich phases, and the volume
fractions of the individual components within the two phases are
determined by the tie line end points on the binodal curve at a given
temperature. Consequently, the two phases will have two separate
Tgs corresponding to the Tg − � relationship (Eq. (7)). The region
between the binodal and spinodal curves is the metastable region
where phase separation must overcome a nucleation barrier to
grow, while within the spinodal zone amorphous phase separation
proceeds spontaneously (Rumondor et al., 2009b).

If the glass transition curve intersects the binodal curve, as
shown in Fig. 1, the intersection is called the Berghmans’ Point
in polymer literature (Arnauts and Berghmans, 1987). When the
temperature is lowered below that of the Berghmans’ Point, one
phase reaches its glass transition point, and then the phase separa-
tion process along with the composition changes will be kinetically
stopped. Consequently, the two observed glass transition tem-

peratures do not change with the initial drug concentration, i.e.,
the composition of the two arrested phases are always the same
(Cheng, 2008). However, the relative volume ratios of the two
phases vary with the initial drug concentration. These are well
described in the polymer science literature (Cheng, 2008).
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Fig. 2. (a) DSC thermograms of felodipine–PAA solid dispersion measured at a heat-
ing rate of 1 ◦C/min, and the numbers on each curve indicates the drug loading in
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in PAA is less than 0.1 wt% (3.17 × 10 wt %).
Fig. 5a shows the typical results from DSC measurement to

determine the glass transition temperatures. The small endother-
mic peak prior to the major melting peak was possibly due to the
melting of drug crystals of smaller size. During the first heating
eight percentage; (b) melting temperatures Tm of felodipine as a function of drug
oading (volume fraction) in the solid dispersion. The data were the average from
wo separate sample preparations and measurements.

. Results and discussion

.1. Melting point depression and the relationship between � and

Since it was first proposed by Mohan et al. (2002), DSC has
een used to measure the equilibrium solubility of drugs in small
olecule solvents and polymers. This method involves heating a

rystal/solvent system of certain composition (�). The key point
Mohan et al., 2002; Tao et al., 2009) is to realize that the solubility
f the crystal in the solvent is exactly � at the final temperature
f crystal dissolution, which is calculated as the intersection of the
angents on the heat flow peak (Tend). Here we use this method to

easure the solubility of felodipine in PAA, and the results obtained
re shown in Fig. 2. The data in Fig. 2b were the average between
wo sets of samples, prepared and measured separately, and these
ata were used for the analysis below. As pointed out by Tao et al.
2009), ideally Tend should be measured at different heating rates
nd extrapolated to zero heating rate in order to obtain its true
quilibrium value. In our experiments, we used a low molecular
eight PAA (Mw ≈ 1800) with low viscosity, and chose a heating

ate of 1 ◦C/min but did not choose a lower rate due to concerns
ver PAA and felodipine degradation in a longer heating process.

As shown in Fig. 3, the plot of � vs. 1/T is generally linear,
onsistent with Eq. (2), and the values of A and B are −18.84

3
nd 8.105 × 10 K, respectively. When calculating the interaction
arameter, it should be emphasized that: (1) � is very sensitive to
he Tend values when the drug content is high (above 90%). Accord-
ng to Eq. (1), as the drug content approaches 100%, � scales to
/(1 − �)2 (which is approaching to infinity), and this means a small
Fig. 3. Linear fit of interaction parameter and 1/T based on Eq. (1) to calculate A and
B.

change of temperature measured can lead to a great change of �; (2)
only those solid dispersions with detectable drug crystal contents
can be used to determine �. In our experiment, no melting peak was
observed for samples with 30 wt% or lower. In addition, the system
is hard to reach equilibrium for samples with high polymer content
due to their high viscosity. In our work, we chose solid dispersion
with drug contents between 60 and 85 wt% to determine the � − T
relationship; (3) this method is only valid within the framework
of the Flory–Huggins theory. For example, many polymer–polymer
blend systems have the interaction parameters not only dependent
on T, but also on the compositions (Han et al., 1988; Rubinstein and
Colby, 2003), which is not considered in our method; (4) there is
an implicit assumption in deriving Eq. (1): the drug–polymer mix-
ture above Tm is a homogeneous solution, i.e., no amorphous phase
separation occurs above Tm.

3.2. Phase diagram construction

Fig. 4 shows the predicted complete liquid–solid phase transi-
tion curve. The extent of melting point depression for felodipine in
PAA is little for almost the whole composition range. At room tem-
perature of 25 ◦C, the predicted equilibrium solubility of felodipine

−4
Fig. 4. Complete liquid–solid phase transition curve for the felodipine–PAA system.
The dashed line is predicted based on Eq. (1) and Eq. (2), and the solid triangles
represent experimental results.
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Fig. 5. DSC thermograms of solid dispersion sample with 80 wt% felodipine, including the first heating, the subsequent cooling, and the second heating scan, all measured at
a heating rate of 10 ◦C/min (a); The magnified cooling and reheating curves from (a), Tg1 is 45 ◦C and Tg2 is 106 ◦C in the second heating measurement (b); DSC thermograms of
solid dispersion sample with 30 wt% felodipine measured at a heating rate of 10 ◦C/min (the reheating curve), T ′

g1 is 33 ◦C and Tg1 is 45 ◦C (c); Tgs of felodipine–PAA amorphous
m
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ixture (d).

can, melting of felodipine crystals was observed, while no crystal-
ization peak was observed in the subsequent cooling scan. Instead,
wo glass transitions were detected in the cooling scan as well as
n the second heating scan (Fig. 5b), indicating amorphous phase
eparation took place during cooling instead of drug crystallization.
imilar results were obtained for samples with drug contents from
0 to 90 wt% as plotted in Fig. 5d together with the predicted Tg

urve from Eq. (7). However, for the samples containing 30 and
0 wt% felodipine, one more Tg below the glass transition tem-
erature of pure felodipine was observed (Fig. 5c). This lower Tg

f felodipine was also observed by Karavas et al. (2005). In their
xperiments for felodipine–PVP system, the Tg of drug-rich phase
or 25 wt% felodipine and 50 wt% felodipine samples were 37.6 and
0.1 ◦C, respectively. The reasons are still unclear to us.

The complete phase diagram for the felodipine–PAA system
s calculated based on the aforementioned method, including the
iquid–solid phase transition curve, the binodal and spinodal amor-
hous phase separation curves (Fig. 6). Felodipine was found

mmiscible with PAA in almost the whole range of drug content at
emperatures below 100 ◦C, and the predicted Berghmans’ Point is

t the position with drug content of 2.94 wt% (i.e., almost pure poly-
er) and temperature at 99.1 ◦C. As temperatures being lowered

han 100 ◦C, amorphous phase separation would take place and
he system would be separated into two phases with compositions
orresponding to almost pure felodipine and PAA, respectively. As

Fig. 6. Complete phase diagram predicted for the felodipine–PAA system.
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iscussed before, we should observe two Tgs equal to the glass
ransition temperatures of almost pure felodipine and PAA. This
s consistent with our experiment observation (Fig. 6) and what
umondor et al. (2009b) observed with PAA of higher molecular
eight. It should be noted that for the sample containing 10 wt%

elodipine, only one Tg was observed, even though amorphous
hase separation was predicted for this composition. The cause for
his apparent discrepancy was not clear, but a possible reason is
hat the sample with this drug content is in the region between
he binodal and spinodal lines according to Fig. 6, where the phase
eparation must overcome a nucleation barrier. Coupled with the
igh viscosity of this system with 90% polymer, the phase sepa-
ation may be kinetically prevented during cooling. Alternatively,
his may also be beyond the accuracy limit of our proposed method
o this specific system.

It should be noted that: (1) the method could not explain why
ost of other drug/polymer solid dispersion systems in litera-

ure did not show amorphous phase separation (i.e., two glass
ransition temperatures are rarely observed in literature), which

ay be due to the kinetics of competing phase separation path-
ays (crystallization vs. amorphous phase separation). In our next

tep, we will use light scattering to further study the phase sep-
ration kinetics to clarify this problem and other issues above;
2) due to high viscosity of the polymer systems, the equilibrium

elting point of drug crystals in polymer matrix is very diffi-
ult to determine precisely in reality (Tao et al., 2009), and this
akes the prediction of interaction parameters even more chal-

enging.

. Conclusions

In this paper, we proposed a method to predict the temperature-
omposition phase diagram of drug/polymer solid dispersion. The
roposed method is based on the Flory–Huggins polymer the-
ry and includes the following steps: (1) preparing drug/polymer
olid dispersion samples of different drug loading, (2) using DSC
o determine the melting temperatures of drug crystals in these
amples and hence obtain the Tm – drug loading � relationship,
3) using the melting point depression equation (Eq. (1)) derived
rom the Flory–Huggins theory to calculate the drug–polymer
nteraction parameters � corresponding to Tm, (4) using these
btainable � − T data to fit the empirical � − T relationship (Eq.
2)) and hence to obtain the complete � − T equation, (5) using
he � − T equation to predict � values at other temperatures,
nd afterwards the complete phase diagrams of the drug/polymer
ystem can be predicted by using the Flory–Huggins polymer
heory including the liquid–solid phase transition curve (Eq.
1)) and the amorphous phase separation curves (Eqs. (4) and
5)).

We used a felodipine/PAA system to illustrate how the proposed
ethod is used. The results predicted that the equilibrium solubil-

ty of felodipine in PAA is below 0.1 wt%. It should be noted that
quilibrium solubility of drug in polymer at temperature below
he glass transition temperature could not be experimentally deter-

ined, and this method provided a way to predict them. In addition,
ur method predicted that the felodipine/PAA system, if amor-
hous phase separated, would form a phase of almost pure drug
nd the other phase of almost pure polymer. This prediction was
onsistent with the two Tgs measured in experiments.

It should be emphasized again that the current method relies

eavily on the Flory–Huggins polymer theory, and hence its valid-

ty and accuracy are within the boundary of the latter. Also, the
rediction accuracy is also dependent on how accurate the melting
oint depression data can be obtained in experiments, and cur-
ently there is no consensus on which experimental protocol could
Pharmaceutics 399 (2010) 109–115

determine the equilibrium melting temperature of drug crystals in
polymer matrix (Sun et al., 2010). Therefore, the phase diagram pre-
dicted by the current method should be considered a rough draft,
rather than an accurate one.
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