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a b s t r a c t

In this paper, a new approach to model cocrystal phase diagrams is presented. Starting from an initial set
of data, the phase diagram is obtained from discontinuous isoperibolic thermal analysis (DITA) and basic
thermodynamic data (enthalpies and solubilities). The solubility product constant may then be deter-
mined. Since this constant is solvent independent, extrapolation to other solvents is possible. Application
of this technique to an active pharmaceutical ingredient and glutaric acid demonstrates good agreement
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between calculated and experimental data.
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. Introduction

The pharmaceutical industry is currently facing more issues
han ever in developing new active substances. The development
f a new active pharmaceutical ingredient (API) is faced with chal-
enges at the selection of active form, manufacture and storage.
ome solids exhibit many polymorphs or hydrates; moreover many
PIs are poorly soluble and therefore poorly bioavailable. In recent
ears, advances in crystal engineering have motivated research in
he design of pharmaceutical cocrystals (Zaworotko and Moulton,
001; Zaworotko et al., 2003a, 2005; York et al., 2007; Aakeröy and
almon, 2005; Aakeröy et al., 2006). The development of pharma-
eutical cocrystals might offer advantages over the API and may
vercome some of the limitations encountered with classical salt
ormation strategy:

Contrary to salts which require an ionic group and a minimum
pKa difference of two units between the base and acid, cocrys-

tallization features a complexation between neutral molecules
(Variankaval et al., 2006; Bishop et al., 2004). It therefore pro-
vides opportunities for more API solid forms. The number of acids
and bases that are acceptable for use in pharmaceutical salt for-
mation is limited but there is a wide range of potential cocrystal

∗ Corresponding author.
E-mail address: pascal.billot@sanofi-aventis.com (P. Billot).

378-5173/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijpharm.2009.03.016
formers (or co-formers) that may be used to prepare cocrystals
(Jones et al., 2006).

� Recent studies revealed that most of the cocrystals of caffeine and
theophylline are physically stable at increased relative humidi-
ties and demonstrate less of a propensity for hydratation (Jones
et al., 2005, 2006; Zaworotko et al., 2003b; Smith et al., 1997).

� Remenar showed that cocrystals of triazole-diacids have greater
solubility and faster dissolution properties, similar to amorphous
compounds (Remenar et al., 2003). Most importantly, from the
numerous strategies existing for enhancing the bioavailability
of low soluble drugs, cocrystallization appears to be among the
most viable (Mc Namara et al., 2006; Bak et al., 2008)).

In practice, however, there are challenges in screening for
cocrystals and their subsequent scaling-up. Currently, various
techniques are employed to prepare cocrystals including slow evap-
oration, slurrying of suspensions, crystallization by cooling and the
co-grinding method. The co-grinding method involves mixing two
solids together in a mill, optionally with a very small amount of sol-
vent (solvent drop grinding), to induce cocrystal formation through
mechanochemistry (Jones et al., 2005, 2002; Braga and Grepioni,
2005). Although this is recognized as one of the most efficient
methods for preparing cocrystals, scaling-up is not always obvious
(Chiarella et al., 2007).
Slow cooling the cocrystal components from solution remains
the most industrially-preferred process, even though there is
the risk of crystallizing the single component phases. Thus
numerous experimental conditions have to be tested in the labo-
ratory, and scaling-up the crystallization process becomes difficult

http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:pascal.billot@sanofi-aventis.com
dx.doi.org/10.1016/j.ijpharm.2009.03.016
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Table 1
Variance analysis in cocrystal phase diagram zones.

Number of phases Variance Description

1 v = 3 (v’ = 2) Zone 6 is a homogeneous liquid phase. The composition can vary everywhere in the area (geometric dimension = 2
= v’). In a prismatic diagram, incorporating the temperature as a z-axis, the composition varies continuously in a
volume (dimension = v = 3).

2 v = 2 (v’ = 1) Zone 2: Pure solid API in equilibrium with the liquid containing API whose composition varies along the segment I-K
constituting the border between zones 2 and 6 (geometric dimension = 1 = v’). In a prismatic diagram, incorporating
the temperature as a z axis, the liquid composition varies continuously on a surface (dimension v = 2).
Zone 3: Pure solid co-former in equilibrium with the liquid containing co-former whose composition varies along the
segment constituting the border between zones 3 & 6
Zone 1: Pure solid cocrystal in equilibrium with the liquid. The liquid composition varies on a curved line between
zone 1 and 6.

3 v = 1 (v’ = 0) Zone 4: pure solid API and pure solid cocrystal are in equilibrium with a fixed liquid composition at point I, which is
the intersection of the API/liquid and cocrystal/liquid equilibrium lines (geometric dimension = 0 = v’). In a prismatic
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ber of degrees of freedom by one, and the “isothermal variance”
v’ = 3–˚.

Applying the variance rule to the phase diagram, we arrive at
the summary in Table 1.
diagram, incorporating the te
(dimension = v = 1). Any point
Zone 5: pure solid co-former a
the intersection of the co-form

Rodriguez-Hornedo et al., 2006a; Zhang et al., 2006). To this end
sothermal phase diagrams of cocrystal-forming systems are very
seful in reducing the number of experiments and can help explain
he success rate of solvent drop-grinding experiments (Chiarella et
l., 2007).

To determine ternary phase diagrams, earlier methods involved
nalyzing both the liquid and solid phase (after drying) for each
omposition. These analyses are quite tedious, extremely time con-
uming and generally incomplete. For example, HPLC analysis leads
o the solid–liquid equilibrium and not the whole phase diagram
ith multiple stoichiometries.

In this article, we propose an alternative strategy:

1. Acquire the phase diagram from a selected solvent using discon-
tinuous isoperibolic thermal analysis (DITA), a method which
has already been established for diastereoisomeric resolution
(Marchand et al., 2004).

. Using the experimental data obtained from a single sol-
vent, the behaviour in other solvents may be estimated by
using a generalized form of the thermodynamic complexa-
tion/reaction approach already developed by several authors (Ito
and Sekiguchi, 1966; Rodriguez-Hornedo et al., 2006b).

Phase diagrams for numerous solvents may therefore be
educed at a reasonable accuracy from a minimal number of exper-

ments. This approach provides valuable information that may be
sed to develop a crystallization process for a particular cocrystal.

. Phase diagrams

As much of this paper covers the experimental determination
nd theoretical calculation of phase diagrams, some details of
ernary phase diagrams will be explained.

Ternary mixes can easily be represented using triangular dia-
rams. In most cases equilateral triangles are used. Any composition
ay be represented by a point in the triangle, whose composition

an be read by projecting the point to the triangle’s side.
Triangular diagrams have been used by several authors (Li et al.,

008; Chiarella et al., 2007; Marchand et al., 2004) for the represen-
ation of ternary isothermal phase diagrams for API, co-former, and

ocrystal in a particular solvent system. A typical phase diagram
or a 1:1 cocrystal is represented in Fig. 1. Triangular diagrams are
sothermal slices for prismatic diagrams, where the z-axis repre-
ents the temperature.

This phase diagrams illustrates:
ture as a z axis, the composition of the liquid varies continuously on a line
e 4 is a heterogeneous mix of the 2 solids and the fixed liquid.

lid cocrystal are in equilibrium with a fixed liquid composition at point J, which is
uid and cocrystal/liquid equilibrium lines.

� Three chemical constituents: the API, the co-former and the sol-
vent.

� Four phases: the liquid (solvent dissolving variable quantities of
API and co-former), the crystalline API, co-former and cocrystal.

The Gibbs rule of phases allows us to understand the construc-
tion of the phase diagram.

v = c+2 − ˚
v: variance
c: number of independent components
˚: number of phases
2 refers to the external parameters: pressure and temperature

As there are three components, and one stoichiometric relation-
ship (API + co-former → cocrystal), the number of “independent”
components is only 2, therefore:

v = 2 + 2 − ˚ = 4 − ˚

If we work in isothermal conditions, we can reduce the num-
Fig. 1. Typical cocrystal phase diagram.
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The points I and J are so called “invariants”. In the racemic reso-
ution literature they have also been referred to as “eutectic”, by
nalogy to the eutectic compositions of binary phase diagrams
Collet et al., 1981).

. Materials and methods

.1. Acid and solvents

All the reagents were of analytical grade. Glutaric acid and
ethyl tert-butyl ether (MTBE) were purchased from Acros
rganics (Geel, Belgium). Ethyl acetate (AcOEt) was provided by
DS-CARLO ERBA (Val de Rueil, France), acetonitrile (ACTN) by
erck (Darmstadt, Germany), and methyl isobutyl ketone (MIBK)

y VWR Prolabo (Fontenay-sous-Bois, France).

.2. Active pharmaceutical ingredient

An active pharmaceutical ingredient (API) currently in develop-
ent within Sanofi-Aventis was chosen as a test material.

.3. Cocrystal (1:1 glutaric acid:API)

The following procedure was used to obtain the first cocrys-
als after a solvent drop co-grinding screen. 100 g (0.201 mmol) of
lutaric acid co-former, and 27.2 g of API (0.206 mmol) were dis-
olved in 430 mL acetonitrile at reflux temperature (88 ◦C) in an
gitated laboratory glass vessel. The solution was cooled to 54 ◦C
nd seeded with cocrystals obtained by a previous synthesis. The
ixture was cooled to −10 ◦C over 2 h 30 min, while stirring contin-

ously. The resulting crystallized solid was filtered and then dried
nder vacuum overnight. The yield was 92% (116.5 g). Collection of
xperimental X-ray powder data and comparison to starting mate-
ials confirms the formation of a new species.

.4. DITA

A complete description of the DITA technique, modelling of the
ignal, and data treatment have already been presented (Marchand
t al., 2004).

.4.1. Principle
The DITA method is a calorimetric method. The principle of the

ethod is to dilute a suspension of one or two solids by adding pure
olvent, and to measure the thermal response of the system.

The measuring cell is immersed in water kept at a constant
emperature (25 ◦C) by a surrounding jacket, protected itself by an
nsulating foam. Agitation is carried out using a magnetic stirrer
nd solvent is added by a pump (MCP CPF IP65, Ismatec). The com-
uter is connected to the pump to regulate each addition of solvent
nd also the temperature of the cell (Fig. 2a).

The system to be studied is set under isoperibolic conditions
temperature surrounding the system is held constant) at 25 ◦C.
tarting from a system in thermal equilibrium, a fast injection of
mall amount of pure solvent, conditioned exactly at the same tem-
erature, is performed. Typically the starting point will be a point
hosen on the ternary diagram corresponding to a suspension of
wo solids: API (or co-former) and cocrystal with enough solvent to
rovide sufficient stirring. The injection of pure solvent leads to the
volution of the system via dissolution and/or dilution. These phe-
omena lead to heat exchanges (corresponding to enthalpy changes

s pressure is constant) involving temperature variations. The tem-
erature is recorded using a very accurate thermometer with a
esolution down to ±10−3 K. The temperature variations are then
lotted versus time. A typical temperature variation versus time
urve is presented in Fig. 2b.
Fig. 2. (a) Experimental setup for DITA. (b) Typical acquisition curve.

The injection provokes a temperature shift proportional to the
dissolution enthalpy (as the injection is fast, the temperature rise is
close to the adiabatic temperature rise) of the solids in suspension.
Then the temperature returns to the baseline due to the response
of the thermostat which is not adiabatic.

A typical analysis requires a few grams of the samples and
lasts 8–12 h. The process is completely automated with Labworld-
soft (IKA, Staufen, Germany). Data are imported to Microsoft Excel
for treatment, and all the diagrams are traced on ProSim (Labege,
France).

An entire experiment is composed of several injections of sol-
vent (typically 10–20) and therefore several temperature variation
versus time curves, as shown in Fig. 2b, are obtained. The cumulated
integration values versus the cumulated injection volumes may be
plotted as in Fig. 3a. On such a plot, changes in slope are related to
the intersections between the limits on the corresponding phase
diagram (Fig. 3b), as will be explained in the following section.

A typical example is outlined in Fig. 3b. The experiment starts
with a suspension corresponding to point A, in zone 4. The compo-
sition at point A is a mixture of pure solid API and solid cocrystal and
a liquid of the composition of point I in Fig. 1. When adding pure sol-
vent, the composition of the system follows the dilution line from
A to the solvent corner of the triangle (infinite dilution). This trajec-
tory intersects three zones (4, 1, 6) and two borders (points B and

C).

Between points A and B, the added solvent will dissolve both the
API and the cocrystal. As in zone 4, the composition of the liquid is
constant (point I), and any addition of pure solvent will dissolve a
constant quantity of solid at a fixed proportion of API and co-former,
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ig. 3. (a) Changes in slope corresponding to different zones of the diagram. (b)
ilution trajectory during a typical experiment.

iven by the point M. Therefore the dissolution heat per ml of added
ure solvent will remain constant between A and B.

Between the points B and C, the entire quantity of solid API has
lready dissolved, therefore only the cocrystal will dissolve under
he addition of further solvent. The heat of dissolution is that of the
ure cocrystal.

After point C, all solids have dissolved, therefore there is only a
egligible heat of mixing of pure solvent in the solution.

The point at which changes in the slopes occur in the cumulated
heat area) plot versus volume correspond to the intersection points
and C.

. Results and discussion

.1. Experimental results

.1.1. Characterisation of the cocrystal
The API, glutaric acid and cocrystal were analyzed by XRPD,

SC, single crystal analysis and FTIR. Several techniques have been
mployed because of the cocrystal-salt continuum (Aakeröy et al.,

007; Park et al., 2007).

X-ray powder data confirm that a new species has been formed
ith a powder pattern distinct from the acid or API. DSC data con-
rm that the new species is a distinct entity with a single congruent
elting point. Although the cocrystal melts at a temperature very
Pharmaceutics 374 (2009) 82–89 85

close to the API, its enthalpy of fusion is far greater. FTIR analysis of
the cocrystal shows a carbonyl band at 1674 cm−1 corresponding to
the API linked by hydrogen bond (F. Debu, SA internal report.

In addition, single crystal analysis was performed internally
within Sanofi Aventis and the cocrystal structure was determined
(M.A. Perrin, SA internal report). The structure shows that the API
and the glutaric acid are linked through a hydrogen bond network.
The extent of the proton transfer between one of the carboxylic
groups from the glutaric acid and a tertiary amine of the API (a
(C–)O...N H–bond distance of 2.66 Å is found) was experimentally
determined from a difference Fourier synthesis map. The proton is
unambiguously located on the carboxylic group of the glutaric acid
(with an O–H distance of 0.97 Å). Furthermore a C–O distance of
1.29 Å is found. Both are clear indications of the cocrystal nature of
the solid compound.

The API has a pKa of 5.4 and first pKa of glutaric acid in water is
4.3. According to the literature (Park et al., 2007), a pKa difference
of less than 2 units most likely leads to cocrystal formation.

Thus the nature of this stoichiometric complex is confirmed as
a cocrystal.

4.1.2. Phase diagrams
The measured solubility phase diagrams for the (API: glutaric

acid) cocrystal in AcOEt, MIBK, ACTN and MTBE at 25 ◦C are shown
in Fig. 6.

For AcOEt and MIBK, the diagrams look relatively symmetric, as
the solubilities of the API and co-former in these solvents are quite
similar. The API is much less soluble than the co-former in ACTN or
MTBE and the diagrams are very asymmetric. In the case of MTBE,
the top portion of the cocrystal solubility curve appears to have
disappeared.

MIBK and AcOEt appear to be the best solvents for crystallizing
the cocrystal species. It may be noted from Fig. 6 that the trian-
gular diagram for ACTN, although not particularly symmetric, still
includes the 1:1 stoichiometric ratio in zone 1. No issues were
observed in crystallizing the cocrystal from this solvent.

4.2. Discussion

4.2.1. Modeling the phase diagram
In order to model the phase diagram presented in Fig. 1, the

following equilibria must be determined:

� The equilibrium between pure API (or pure co-former) and solu-
tion, e.g. the line separating zone 2 and 6 (or 3 and 6 for the pure
co-former)

� The equilibrium between cocrystal and solution, e.g. curve sep-
arating zone 6 and 1.

It should also be noted that we neglect the contribution of the
API/co-former in solution (Rodriguez-Hornedo et al., 2006b), due
to the difficulty in incorporating it into the subsequent thermody-
namic treatment. We will show that, for the present case, it has
little impact.

To improve readability, the letters A and B have been used in the
explanation below to represent cocrystal and co-former.

For the API (or co-former solid) – solution equilibrium: it may be
assumed, as a first approximation, that a small addition of A in a
pure solution of B does not change its solubility at all:

xA = x∗
A

x = x∗ (1a,b)

B

x denotes the molar fraction and the * corresponds to the binary
solubility of the pure component at a fixed temperature.

For the cocrystal/solution equilibrium: we use the description
established by N. Rodriguez-Hornedo (Rodriguez-Hornedo et al.,
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Table 2
Comparison of values of constants calculated and obtained through experiments for the different solvents.

Solvent x∗
co-former

x∗
API Kapp calculated from gammas and experimental data R2 Kapp calculated from MIBK modelling

A 0.968 2.95E−04
M 0.984
A 0.947 2.13E−05
M 0.829 7.54E−05
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4.2.2. Use of phase diagrams in understanding the crystallization
of cocrystals

Based on the construction of triangular phase diagram, several
parameters, relevant from a processing point of view, may be dis-
cussed. Crystallization is often carried out by cooling a solution.
cOEt 0.082 0.047 2.33E−04
IBK 0.065 0.049 2.44E−04

CTN 0.037 0.0075 1.42E−05
TBE 0.12 0.0082 5.69E−05

006b) at the experimental temperature:

Asolution + bBsolution ↔ AaBbcocrystal
(2)

and b are the stoichiometric coefficients.
The Gibbs mass action law applies to this equilibrium, therefore:

�A + b�B = �AaBb
(3)

here �A, �B, �AaBb refer to the chemical potential of the species
, B, and AaBb respectively.

If we choose the thermodynamic reference state as the most
table crystal form, then:

�A = �0
A + RTLn(aA)

�B = �0
B + RTLn(aB)

�AaBb = �0
AaBb

(4a,b,c)

here the index ◦ refers to the reference state.
Eq. (3) becomes:

TLn(aa
Aab

B) = �0
AaBb − (a�0

A + b�0
B) = �Gf (5)

= aa
Aab

B = e
−�Gf

RT (6)

�Gf represents the cocrystal free enthalpy of formation and K
he “true” complexation constant, which is independent from the
olvent.

Now we can substitute in the activity coefficients � for A and B,
hich describe the molecule/solvent interactions. If we assume that

he API and co-former are sufficiently diluted so that the activity
oefficients are constant.

aA = �AxA
aB = �BxB

(7)

= aa
Aab

B = (�AxA)a(�BxB)b (8)

Eq. (8) is very close to the model proposed by N. Rodiguez-
ornedo (Rodriguez-Hornedo et al., 2006b). However we use the
ctivities instead of the concentrations, which have the advantage
f being solvent independent.

The apparent constant in each particular solvent, Kapp, may be
efined as:

app = K

�A
a�B

b
(9)

The apparent constant in a given solvent is related to the “true”
onstant by the activity coefficients of the API and co-former in this
olvent (Eq. (9)).

Finally, for a given solvent the cocrystal/solution equilibrium is
iven by:

A
axb

B = Kapp (10)

If Eq. (1a,b) and Eq. (10) are plotted on a triangular diagram for a

:1 cocrystal (e.g. a = b = 1), we obtain the theoretical phase diagram
resented as shown in Fig. 4.

On this diagram, the curve corresponding to Eq. (10) is symmet-
ic for a = b = 1. The asymmetry of the diagram is introduced by the
ifference in solubility of API and co-former.
Fig. 4. Steps to construct lines and curve of a ternary diagram.

Kapp determination from experimental data: Kapp may be deter-
mined from experimental data by rearranging Eq. (10) thus:

xa
A = Kapp

xb
B

(11)

Therefore, plotting xA
a versus 1/xB

b only for the curved part of
the phase diagram between points I and J), Kapp to be calculated
(the slope of the line). Fig. 5 illustrates the experimental data and
the least squares regression lines, constrained to pass through the
origin and calculated using Excel. Kapp values are listed in Table 2.
Experimental values for Kapp range over approximately one order of
magnitude. The R2 coefficients are close to 1 for AcOEt, MIBK, ACTN,
and a little lower but still acceptable for MTBE (the MTBE phase
diagram is very asymmetric and therefore difficult to acquire).
Fig. 5. 1/x (acid) versus x (API) for AcOEt, MTBE, MIBK and ACTN at 25 ◦C.
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he effect of the temperature is illustrated in Fig. 7 which displays
wo isothermal cuts of the phase diagram. At high temperature,
PI, co-former and cocrystal are more soluble. Therefore, in order

o perform the crystallization one has to chose a process composi-
ion which is soluble at high temperature and in the cocrystal zone
t low temperature. In Fig. 7 the composition represented by the
ircle is soluble at high temperature but insoluble at low temper-
ture. The crystallization yield will depend, as for a conventional
rystallization, on the gradient of solubility with temperature.

Depending on the relative solubility of the API, co-former and
ocrystal, several types of triangular diagrams may be observed:

When the solubility of the API and co-former are of the same
order of magnitude, and higher than the cocrystal solubility
(Fig. 8a), zone 1 is relatively symmetric, that is to say it is present
in both the left and right sides of the diagram. In such a case,
it is possible to isolate the cocrystal from the solvent using a
stoichiometric ratio of API and co-former.
If the solubility of the API is significantly reduced, (Fig. 8b) then
zone 1 will shrink and move in the right side of the diagram. It

is still possible to isolate the cocrystal from the solvent, but an
excess of co-former should be used. Therefore, solvents exhibit-
ing asymmetric diagrams (Fig. 8b) may still be used to crystallize
the cocrystal and may present further advantages over systems
with a more symmetrical phase diagram, for example in terms

Fig. 7. Effect of temperature on the phase diagram.
Pharmaceutics 374 (2009) 82–89 87

of purity, crystal shape or ease of drying. It should be noted that
knowledge of the phase diagram is key to selecting a suitable
solvent and conditions.

� If the solubility of the API is further reduced (Fig. 8c), then zone 1
completely disappears. It is not possible to crystallize the cocrys-
tal in this solvent. If the cocrystal is added to this solvent it will
dissolve and the individual components will eventually crystal-
lize separately.

It should be noted that the situations described by Fig. 8b and c
may explain the difficulty observed in scaling-up some cocrystals
obtained by co-grinding. Indeed, the co-grinding process is always
possible, at least from a thermodynamic point of view, whereas
zone 1 could be very narrow or even absent in the ternary phase
diagram

5. Prediction of Phase diagram

As already mentioned, in order to choose the best solvent for
cocrystallization, knowledge of phase diagrams is required. Deter-
mination of multiple phase diagrams generally requires significant
experimental effort. Any prediction method, therefore, will be use-
ful. In this section we will explain, how, from knowing the phase
diagram in a given solvent we can predict the phase diagram in
other solvents, using a minimal amount of additional experimental
data.

5.1. Theory

The solubility of the pure component A (or B) in a solvent is
related to their ideal solubility by the activity coefficient, according
a well known relationship (for instance Schuffenecker et al., 1991):

�A = xi
A

x∗
A

(12)

By combining Eqs. (9) and (12), we can eliminate the ideal solu-
bility (Roman numerals I and II stand for two different solvents):

K II
app = K I

app
(�A�B)I

(�A�B)II
= K I

app
(x∗

Ax∗
B)II

(x∗
Ax∗

B)I
(13)

Eq. (13) aids in defining an experimental strategy:

� Measure the solubility of API and co-formers in a set of solvents;
� Chose the “easiest” solvent, namely the solvent where both com-

ponents have the greatest solubility;
� Measure the phase diagram and determine Kapp in this reference

solvent;
� Calculate Kapp in the other solvents according Eq. (13).

5.2. Comparison to experimental data

In this section we will illustrate the strategy proposed above and
demonstrate that we can deduce the diagrams of API and glutaric
acid (e.g. co-former) in MTBE, ACTN and AcOEt from the MIBK phase
diagram.

The solvents AcOEt, MTBE and ACTN have been chosen in order
to see if this model is valid for symmetrical and especially for
asymmetrical diagrams (i.e.: diagrams with noticeable difference
in solubilities between the API and co-former). Fig. 6 illustrates the

experimental results, on which the theoretical curves have been
superimposed; the theoretical curves have been calculated using
the value of K from the MIBK experimental data.

Table 2 and Fig. 9 compare values of Kapp obtained by regres-
sion and modelling from MIBK data (via Eq. (13)). The agreement
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Fig. 8. Different types of phase diagrams for cocrystals (desc
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ig. 9. Comparison of Kapp observed by experiment and Kapp calculated from the
odel using MIBK as the solvent.

etween the two techniques is good. All the predicted Kapp values
re within the 20% error limits.

The experimental points “I” and “J” for MIBK and AcOEt cor-
espond to slightly higher solubility than predicted. This may be
xplained by the formation of an API/glutaric acid complex in solu-
ion. The effect, however, does not grossly affect the accuracy of the
xperiment.

. Conclusions

Scaling up the cocrystallization requires knowledge of the
ernary solvent-API-co-former diagrams. In order to choose the best
olvent for crystallization at an industrial scale, numerous solvents
ave to be tested, which, in the absence of an efficient method,
ay be long and tedious. We propose to use the DITA method, to

etermine a first precise phase diagram of the cocrystal in a partic-
lar solvent chosen as one in which all the individual components
ave reasonable solubility (information usually available at an early
tage in development). This method still requires several days for
n experiment but little human resources. Based on the data gen-
rated, only the solubility of the pure components is necessary to
alculate the phase diagram for any other solvent. One limitation
f this method is the inability to model API/co-former complexa-
ion in solution (Rodriguez-Hornedo et al., 2006b). It does, however,
rovide sufficient accuracy to determine the relevant process con-
itions for each solvent.

Clearly, once a solvent has been chosen for the industrial process,
he DITA method may be used once more to refine the predicted
hase diagram.
cknowledgements
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