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bstract

To emphasize the fact that solvents can be either critical or immaterial in crystallizing specific polymorphs, a method for obtaining multiple
olymorphs of a compound using only one solvent is demonstrated. By varying the crystallization temperature and level of supersaturation, three of
he four polymorphs of carbamazepine (CBZ; 5H-dibenz [b,f]azepine-5-carboxamide) were crystallized from cumene (isopropyl benzene). Form
II, also referred to as the primitive monoclinic form, was produced at temperatures below 60 ◦C from supersaturated solutions concentrated at
ess than twice the solubility of that form. When the supersaturation was increased to twice the solubility of form III at temperatures below 60 ◦C,
orm II, also referred to as the trigonal form, was produced. Form I, also referred to as the triclinic form, was produced regardless of the level of
upersaturation at temperatures above 80 ◦C. Between 60 ◦C and 80 ◦C, mixtures of forms were produced. Competition slurries were employed
o establish the transition temperature to be between 79 ◦C and 82 ◦C for the enantiotropically related forms III and I. These results indicate that
rystallization of CBZ from cumene can either be under thermodynamic control or affected by the kinetics of crystallization of metastable forms.

his raises the question about the importance of solvent diversity when looking for polymorphs, suggesting that a rational experimental design
an be used to greatly reduce the number of solvents and crystallization conditions. The results of this one-solvent polymorph screen correlate
omewhat with a phase–solubility diagram for CBZ.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Polymorphism is defined as the ability of a compound to
ssume more than one crystalline form. The relevance of poly-
orphism has been covered elsewhere (Suryanarayanan and
yrn, 2001; Grant, 1999; Byrn et al., 1995). In spite of the signif-

cance of polymorphism and the need for solid-form screening of
harmaceuticals, there is no industry-standard approach for con-
ucting a comprehensive polymorph screen of a new chemical
ntity. New polymorphs are often discovered by trial-and-error,
rimarily by recrystallizing the compound of interest from a
ide variety of solvents. Solvent diversity is thought to be an
mportant factor, and important solvent parameters have been
elineated by Gu et al. (2004). While it is known that such
iverse factors as solubility, solvent viscosity, solvent polarity,
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vaporation rate, cooling rate, and initial solution concentra-
ion can affect the outcome of a crystallization, approaches to
ary these contributing factors are typically not systematic. Sol-
ent diversity without varying degrees of supersaturation and
rystallization temperatures has limited utility when screening
or polymorphs. Varying degrees of supersaturation are usually
chieved by crystallization techniques such as antisolvent addi-
ion, rapid cooling, or rapid evaporation. As many as 100 or more
olvents, combinations of those solvents, and multiple crystal-
ization techniques may be used in an attempt to cover the wide
ange of possible crystallization conditions (Morissette et al.,
004; Hilfiker et al., 2006). The temperature of crystallization
nd degree of supersaturation achieved using such techniques
s often not being controlled by the screener, and even with
utomation (Storey et al., 2004), discovering new polymorphs
s a time-consuming and resource–intensive process. Still, no
olymorph screen can guarantee that all possible, or even phar-

aceutically relevant, forms have been found regardless of the

ffort.
Threlfall (Threlfall, 2000) has suggested that of the many

actors influencing crystallization outcomes, temperature and

mailto:ritalodaya@yahoo.com
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oncentration are of utmost significance, as those factors
lace the crystallization under either kinetic or thermodynamic
ontrol. For this reason, often seen statements that a given poly-
orph will crystallize from a given solvent may not be absolutely

orrect. A corollary to Threlfall’s 2000 paper would be the
ossibility of generating multiple polymorphic forms of a com-
ound using a single solvent. This suggests that a much more
ystematic approach to polymorph screening, using a limited
umber of solvents is possible. Some degree of simultaneous
ontrol of supersaturation and temperature of crystallization
ould be required for such an approach. The work described
erein is an attempt to test this approach on the antiepileptic drug
arbamazepine, using cumene as the solvent. Results should pro-
ide guidance towards a more rational design for polymorph
creening.

. Experimental

.1. Materials

Carbamazepine (CBZ; 5H-dibenz[b,f]azepine-5-
arboxamide) USP grade and cumene 98% were obtained
rom Sigma–Aldrich (St. Louis, MO) and used as received.

.2. Preparation of CBZ polymorphs (reference standards)

Reference standards of the four known anhydrous poly-
orphs of CBZ were desired to enable direct comparison of

heir PXRD patterns and thermal data with those of experi-
ental samples run on the same instruments. CBZ form III

P-monoclinic), known to be the stable form at room temper-
ture, was used as provided from Sigma–Aldrich. CBZ form
(triclinic), known to be enantiotropically related to form III,
as prepared by holding form III at 185 ◦C for 10 min, which

nduced complete phase transformation. CBZ form II (trigonal)
as crystallized from highly supersaturated solutions of CBZ in

thanol at 0 ◦C. Attempts to make a reference standard for form
V by crystallization from solution were unsuccessful. Form IV
as obtained by desolvating a form obtained from methanol

olution. The methanol was likely to contain water, based on the
act that the powder pattern of this solvate matches that of the
ihydrate.

To validate these reference standards, the identity and phase-
urity were confirmed by comparing their measured PXRD
atterns to PXRD patterns simulated from the known crystal
tructures of each of these four polymorphs; crystal structures
ere taken from the Cambridge Structural Database. Thermal

nalysis results were also compared to those available in the lit-
rature (Grzesiak et al., 2003; Rustichelli et al., 2000; Behme
nd Brooke, 1991; Krahn and Mielck, 1987).

.3. Methods
.3.1. Sample preparation: RS-12 reaction block
Trials were conducted in an RS-12 Electrothermal Stem

eaction Block (Barnstead International, Dubuque, IA). The
lock is a 12-zone reaction system allowing users to perform

t
d
r
p
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ultiple experiments at individually set temperatures. Each zone
omprises a block with four vessel positions, heated electrically
nd cooled by a Peltier device. Each zone is under independent
emperature control; adjacent zones may differ in temperature
y up to 60 ◦C without significant interference. The device has a
inimum operating temperature of −30 ◦C, a maximum operat-

ng temperature of 150 ◦C, and a maximum heating and cooling
ate of 5 ◦C/min. It allows samples to be stirred between 250 rpm
nd 1200 rpm.

Samples were prepared by weighing out the desired amount
f CBZ, then transferring the material into a 2-mL HPLC vial
ith a Teflon-coated stir bar. The desired amount of cumene

0.5–1.5 mL) was then added using an Eppendorf pipette. Vials
ere capped and placed in the RS-12 reaction block. These

amples were heated to a temperature sufficient to ensure total
issolution of CBZ (80–140 ◦C depending on concentration),
nd held at this temperature for 2 h, during which time samples
ere visually inspected to ensure complete dissolution. Sam-
les were then cooled to target temperature at the maximum
llowed cooling rate (5 ◦C/min) and maintained at the target
emperature thereafter. Time to crystallization varied between a
ew seconds for highly supersaturated solutions to a few hours
or slightly supersaturated solutions. Once CBZ crystallized, the
esulting slurry was transferred to a pre-heated, filter-equipped
lass syringe using a pre-heated transfer pipette. The recrystal-
ized material collected on the filter was dried under a fume hood
nd analyzed by PXRD.

.3.2. Sample preparation: Reacti-therm heating/stirring
odule
Additional trials were conducted using two Reacti-Therm

eating/Stirring modules (Pierce, Rockford, IL), which were
etter suited for low-concentration trials, as the higher
olvent volume would allow for recovery of sufficient mate-
ial for subsequent analyses. These devices were equipped
ith aluminum heating blocks designed to hold six 20-mL
ials.

Samples were prepared by weighing a desired amount of CBZ
nd transferring it into a 20-mL glass scintillation vial equipped
ith a Teflon-coated stir bar. The desired amount of cumene

2–20 mL) was added using a volumetric pipette. Recrystalliza-
ions were then conducted as described above for the RS-12
eaction block.

.3.3. Filtration equipment
Micro-mate Pressure Control Syringes with interlocking fil-

er tips (Popper & Sons, New Hyde Park, NY) equipped with
.2-�m filter paper (VWR Scientific Products, West Chester,
A) were used for filtration. Syringes were pre-heated to the
esired temperature in an oven before use.

.3.4. Crystal form determination
The crystal form for recrystallized solids isolated from
he above sample preparations was determined by pow-
er X-ray diffraction (PXRD). The PXRD patterns of the
ecrystallized solids were overlaid on the reference standards
repared previously for CBZ forms I–IV. Differential scan-
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the presence of form I only at 81.4 ◦C and 83.0 ◦C.

Based on experimental results described above we report the
transition temperature for forms III and I to be between 79 ◦C and
82 ◦C. There has been some discrepancy regarding this in earlier

Table 1
Temperature dependence of carbamazepine form III solubility in various high-
boiling solvents

Solvent bp (◦C) Solubility (mg/mL)

RT 40 ◦C 60 ◦C

N-Methyl-2-pyrrolidone 202 294.0 457.9 701.9
N,N-Dimethylacetamide 166 231.0 377.9 604.4
N,N-Dimethylformamide 153 91.1 174.4 328.1
Cyclohexanone 155 50.7 99.9 194.1
Anisole 154 17.9 37.7 78.6
Bromobenzene 156 13.0 27.9 59.3
1-Hexanol 156 9.6 20.7 44.2
2-Heptanone 150 8.5 18.3 38.9
1-Heptanol 176 7.9 18.4 39.3
Phenetole 170 7.7 16.8 36.1
1-Octanol 196 7.4 15.7 33.7
A. Getsoian et al. / International Jo

ing calorimetry (DSC) was performed on selected samples and
SC thermograms were compared with that of the reference

tandards.

.3.4.1. Powder X-ray diffraction (PXRD). PXRD analysis
as conducted on a Bruker AXS D8 Discover diffractome-

er equipped with GADDS (Bruker AXS, Madison, WI) using
Cu (K� radiation) tube powered at 40 kV and 40 mA.

amples were prepared on nickel holders and scanned from
.5◦ to 38.7◦ 2θ using a scan time of 60 s and a sample
scillation of 1.5 mm. When necessary, samples were gently
round with a mortar and pestle before analysis. Diffractograms
ere evaluated using DiffracPlus software with Eva version
.0.

.3.4.2. Differential scanning calorimetry (DSC). DSC analy-
is was performed using a DSC Q1000 (TA Instruments, New
astle, DE). Unless otherwise noted, scans were conducted at
0 ◦C/min from ambient temperature to 300 ◦C. All samples
ere analyzed in closed aluminum pans with a vent hole. Nitro-
en was used as the purge gas at a flow rate of 50 mL/min
or the DSC cell and 110 mL/min for the refrigerated cool-
ng system. The calorimeter was calibrated for temperature and
ell constant using indium (melting point 156.61 ◦C, enthalpy
f fusion 28.71 J/g). Data analyses were performed using TA
nstruments’ Universal Analysis 2000 software for Windows,
ersion 3.8B.

.3.5. Solubility determination (forms III and I)
Semi-empirical solubilities for CBZ (forms III and I) in

umene as a function of temperature were calculated from the
argules equation (Frank et al., 1999). Calculation of solubili-

ies using this method, takes into consideration solute parameters
uch as solubility in the solvent at room temperature, molecular
eight, melting point, and heat of fusion. The solvent parame-

ers taken into account are density and molecular weight of the
olvent.

In order to determine the solubility at room temperature,
n excess of CBZ form III was slurried in cumene for 24 h.
he saturated solution was filtered and a measured aliquot was

ransferred to a preweighed aluminum boat. The weigh boat
as then transferred to a vacuum oven to allow total evapora-

ion of the solvent. The solubility in cumene was determined
ravimetrically, upon reweighing the boats containing dried
ample.

The solubility of form I in cumene at room temperature
as determined from the known ratio of solubilities of forms
and III in isopropanol (Behme and Brooke) and n-pentanol

our data). Solubility of forms I and III in n-pentanol was
etermined to be 15.8 mg/mL and 12.6 mg/mL, respectively.
he rates of dissolution in isopropanol and n-pentanol are sig-
ificantly higher, allowing determination of the actual ratio
f the solubility of form I to form III (∼1.2). The actual

olubility of form I at ambient temperature was unmeasur-
ble in cumene because not all of the form I present in
lurry would dissolve before extensive conversion to form III
ccurred.

n
C
M
c
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. Results

.1. Solvent selection

This work required a solvent that avoids solvation with CBZ,
rovides a wide range of temperature in the liquid state, provides
oderate solubility, and is safe to handle. The specific criteria

sed were: (1) boiling point above 150 ◦C, to allow complete
issolution of very high concentrations relative to saturation
t room temperature; (2) freezing point below 0 ◦C, to allow
rystallization at that temperature; (3) solubility low enough to
educe consumption of CBZ, but high enough that the amount of
aterial crystallized be sufficient for analysis and (4) low haz-

rd to human health. As shown in Table 1, several high-boiling
olvents were tested for solubility. Initial experimentation sug-
ested that a practical range of solubility would be 1–2 mg/mL.
ased on these results, cumene (isopropylbenzene, mp −96 ◦C,
p 153 ◦C, CBZ solubility 1.13 mg/mL at 20 ◦C) was chosen.

.2. Transition temperature for forms III and I

CBZ forms III and I were combined in a 1:1 ratio in
PLC vials equipped with Teflon-coated magnetic stir bars. One
illiliter of cumene was added to each vial. Vials were placed on

he RS-12 reaction block and held at 60 ◦C, 70 ◦C, 77 ◦C, 86 ◦C,
4 ◦C, and 105 ◦C for 1 week, after which contents were filtered
nd analyzed by PXRD. The diffraction patterns for samples
t 60 ◦C, 70 ◦C, and 77 ◦C confirmed the presence of form III
nly, while the diffraction patterns for samples at 86 ◦C, 94 ◦C,
nd 105 ◦C confirmed the presence of form I only. Based on
hese results, a second set of samples were prepared and held at
7.3 ◦C, 79.6 ◦C, 81.4 ◦C, and 83.0 ◦C for 1 week. PXRD con-
rmed the presence of form III only at 77.3 ◦C and 79.6 ◦C, and
-Butyl acetate 126 6.3 13.6 29.2
umene 153 1.1 2.6 6.0
esitylene 163 0.66 1.6 3.8

is-Decalin 190 0.13 0.34 0.9
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Fig. 1. Polymorphic outcome for carbamazepine in cumene: Numerals I–III
indicate the polymorph initially obtained at various temperature–concentration
conditions. The blue (solid) line and the green (dotted) line represent the
t
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Table 2
Experimental conditions and results for exploring temperature–concentration
space in the recrystallization of carbamazepine from cumene

Temperature (◦C) Concentration (mg/mL) Preparation Result

0 0.6 Reacti-therm III
0 1.356 Reacti-therm II + III
0 1.695 Reacti-therm II + III
0 5.0 Reacti-therm II
0 10.0 Reacti-therm II
0 15.0 RS-12 II
0 20.0 RS-12 II
0 30.0 RS-12 II
0 35.0 RS-12 II

20 1.3 Reacti-therm III
20 2.0 Reacti-therm –
20 3.0 Reacti-therm II
20 4.0 Reacti-therm II
20 5.0 Reacti-therm II
20 6.0 Reacti-therm II
20 8.0 Reacti-therm II
20 10.0 RS-12 II
20 15.0 RS-12 II
20 25.0 RS-12 II
20 30.0 RS-12 II
40 3.0 Reacti-therm III
40 4.0 Reacti-therm III
40 5.0 Reacti-therm II + III
40 6.0 Reacti-therm II + III
40 8.0 Reacti-therm II + III
40 10.0 Reacti-therm II + III
40 15.0 RS-12 II + III
40 20.0 RS-12 II
40 25.0 RS-12 II
40 30.0 RS-12 II
40 35.0 RS-12 II
60 6.0 RS-12 III
60 8.0 RS-12 I
60 10.0 RS-12 I
60 15.0 RS-12 II
60 20.0 RS-12 I + II
60 25.0 RS-12 III
60 30.0 RS-12 II
60 35.0 RS-12 I
80 10.0 RS-12 I
80 12.0 RS-12 I
80 14.0 RS-12 I
80 17.0 RS-12 III
80 20.0 RS-12 I
80 25.0 RS-12 I
80 30.0 RS-12 I + III
80 35.0 RS-12 I + III

100 16.0 RS-12 –
100 17.0 RS-12 I
100 18.0 RS-12 I
100 19.0 RS-12 I
100 20.0 RS-12 I
100 25.0 RS-12 I
100 30.0 RS-12 I
100 35.0 RS-12 I
120 27.0 RS-12 I
120 30.0 RS-12 I
120 35.0 RS-12 I
emperature–solubility curves of polymorph III and polymorph I, respectively.
For interpretation of the references to color in this figure legend, the reader is
eferred to the web version of the article.)

eports. Krahn and Mielck (1987) reported that the transition
emperature is slightly greater than 100 ◦C but a number or range
as not given. Behme and Brooke (1991) reported the transition

emperature to be 71 ◦C from heats of fusion and solubility data.
ur result is in good agreement with the calculated value of
7.6 ◦C obtained from heats of solution and solubility data of
rakami et al. (2002).

.3. Exploration of temperature–concentration space

Hot, undersaturated solutions of CBZ were prepared at ele-
ated temperatures and then cooled rapidly down to the desired
rystallization temperatures. Concentrations tested and results
btained are given numerically in Table 2 and shown graphically
n Fig. 1.

Phase-space was explored between temperatures ranging
rom 0 ◦C to 120 ◦C and concentrations ranging from 1 mg/mL
o 35 mg/mL. At lower concentrations, form III was obtained
rom 0 ◦C to 60 ◦C and form I was obtained at temperatures
etween 80 ◦C and 120 ◦C. At concentrations greater than or
qual to 15 mg/mL, metastable form II was predominantly
btained up to 40 ◦C, mixtures of polymorphs were obtained
etween 60 ◦C and 80 ◦C, and form I was obtained at tem-
eratures higher than 80 ◦C. Form IV was not observed in the
emperature–concentration space explored with cumene. Fig. 2
hows the PXRD patterns of the reference standards (CBZ forms
–IV) obtained for this study. Fig. 3 shows representative PXRD
atterns of polymorphs I–III as well as a mixture of forms I + III
btained within the explored grid.

. Discussion
The objective of this work was to examine if most or all
nown polymorphs of a given compound could be obtained
ithout resorting to several thousand experiments using a large



A. Getsoian et al. / International Journal of Pharmaceutics 348 (2008) 3–9 7

ndard

n
a
a
s
m
b
w
C
f
o
2
t
n

o
g
t
a
s
u
p
c

F
C

Fig. 2. Powder X-ray diffractograms from bottom to top: CBZ reference sta

umber of solvents. CBZ was chosen as the model compound
s its polymorphs have been extensively studied. To date, four
nhydrous polymorphs (forms I–IV) of CBZ are known to have
ingle crystal structure determinations. At least four pseudopoly-
orphs (solvates) are known to exist (Hilfiker et al., 2003),

ut in this one-solvent polymorph screen, psuedopolymorphs
ere purposely avoided. Literature abounds with studies on
BZ polymorphism, and the differences in nomenclature for the

orms studied have led to some confusion regarding the identity

f these polymorphs (Grzesiak et al., 2003; Rustichelli et al.,
000; Behme and Brooke, 1991; Krahn and Mielck, 1987). For
he purpose of this paper and for clarity, we have referred to the
omenclature by Grzesiak et al. (2003).

p
a
o

ig. 3. Powder X-ray diffractograms representing coordinates on the experimental t
BZ I (100 ◦C–25mg/mL); CBZ II (20 ◦C–30mg/mL); CBZ III (60 ◦C–6 mg/mL); C
s forms I–IV. The preparation of these standards is described in Section 2.

After careful selection of a suitable solvent and consideration
f some experimental limitations, a temperature–concentration
rid was constructed and experiments were carried out within
his grid. The grid consisted of a practical range of temperatures
nd concentrations, such that upon cooling, varying degrees of
upersaturation were attained. For each point on the grid, hot
ndersaturated solutions were rapidly cooled to the desired tem-
erature and the resulting crystals were quickly isolated and
haracterized.
Based on practical constraints, the experimental grid com-
rised of temperatures ranging from 0 ◦C to 120 ◦C on the
bscissa and concentrations ranging from 1 mg/mL to 35 mg/mL
n the ordinate. Within the phase-space that was explored using

emperature–concentration grid from Fig. 1 and Table 2. From bottom to top:
BZ I + III (80 ◦C–35 mg/mL).
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his temperature–concentration grid, the observed crystalliza-
ion behavior is depicted in Table 2 and Fig. 1. The results
orrelate somewhat with a phase–solubility diagram. At low
upersaturation levels, the crystallization appears to be ther-
odynamically controlled over the entire temperature range,

roducing form III below and form I above the enantiotropic
ransition temperature for these two forms. The results are dif-
erent at higher concentrations. At high supersaturation levels
more than twice the solubility of form III), the metastable
orm II is produced below the enantiotropic transition tem-
erature, possibly indicating some means of kinetic control in
hich the solution-phase conformation favored by CBZ under

hese conditions is more similar to that of the metastable solid
tate. However, crystallization from ethanol at low temperature
nd high supersaturation also favors form II, thus molecular
ecognition by the solvent (cumene) may not be responsible
or the kinetically driven crystallization of form II. The some-
hat unpredictable polymorphic outcome observed between
0 ◦C and 80 ◦C suggests that near the transition temperature,
specially at higher supersaturation levels, there is no thermody-
amic control. Based on Threlfall’s discussion (Threlfall, 2000)
his is also the region where concomitant crystallization of enan-
iotropic polymorphs is likely to occur, which is consistent with
ur observation of obtaining mixtures of forms. Form IV was
ot observed in the one-solvent polymorph screen. This is not
urprising since this was also the only form for which a reference
tandard could not be crystallized directly from solution. Form
V was reported to have been crystallized from a solution in
ethanol using hydroxypropyl cellulose in a molecular recog-

ition role to direct its crystallization (Lang et al., 2002). In this
ork, a reference standard for form IV was reproducibly gener-

ted by desolvating a form obtained from wet methanol solution;
olvates were purposely avoided in this study with cumene, thus
he desolvation pathway was not available.

As with any method, there are limitations to the notion of
sing only one solvent to perform a comprehensive polymorph
creen. In order to select a solvent that meets some of the criteria
isted above, the solubility of the compound has to be determined
n several high-boiling and safe solvents. Of course, solubility
eterminations should precede any type of polymorph screen.
lthough the results for CBZ were straightforward, interpreta-

ion of results could be more difficult without apriori knowledge
f the physicochemical properties and thermodynamic relation-
hips between different polymorphs of a compound. Comparing
he one-solvent screen with a polymorph screen performed
n CBZ using about 13 different solvents and five different
rystallization conditions (Hilfiker et al., 2003), the obvious dis-
dvantage of the one-solvent screen would be the inability to find
olvates, including hydrates. In addition to the known dihydrate
nd acetone solvate, Hilfiker et al. found dioxane and DMSO
olvates.

It should be clarified here that it is not the authors’ intent
o state that the polymorphic behavior of an API can be

ppropriately understood using just one solvent. Applying this
echnique, a comprehensive screen would likely involve explor-
ng a relevant temperature–concentration grid using two to three
ppropriate solvents, and would need to be coupled with the

A

f

of Pharmaceutics 348 (2008) 3–9

echnique of solution-mediated phase transformation (aging or
lurry experiments) in about 15–20 commonly used process sol-
ents (Miller et al., 2005). This combination of experiments will
till be resource saving compared to more traditional polymorph
creening, and should uncover all the relevant crystal forms.
he one-solvent polymorph screen, repeated with two to three
olvents, should identify relevant metastable forms by PXRD
nalysis of the crystallized solids. A plot of the PXRD results
n a temperature–concentration grid, combined with thermal
nalyses of those solids, will provide a strong start to establish-
ng energy relationships. The stable polymorph and/or solvates
t room temperature would be identified by the slurry experi-
ents. Any suspected enantiotropic polymorphs would require

dditional work to establish transition temperatures.
Nonetheless, the work presented herein provides a practical,

ational design for polymorph screening. Confirming Threlfall’s
ssertion (Threlfall, 2000), results presented in Fig. 1 delin-
ate portions of the temperature–concentration grid for which
rystallization of CBZ polymorphs from cumene are under ther-
odynamic control or being driven by kinetics. An obvious

xtension of this work would be to use a structurally differ-
nt solvent, e.g., a straight chain alcohol such as pentanol and
ompare the results with those obtained from cumene. Addi-
ional studies with structurally diverse solvents as well as solute

olecules would provide further insight into the interplay of
hermodynamics, kinetics and influence of solvents (molecular
ecognition) in the crystallization of polymorphs.

. Conclusion

The reported one-solvent polymorph screen of CBZ demon-
trates how solvents can be either critical or immaterial in
rystallizing specific polymorphs. By targeting multiple crystal-
ization temperatures and supersaturation levels, three of the four
olymorphs of carbamazepine (CBZ; 5H-dibenz [b,f]azepine-
-carboxamide) were crystallized from cumene (isopropyl
enzene). Additionally, the transition temperature was deter-
ined to be between 79 ◦C and 82 ◦C for the enantiotropically

elated forms III and I. The results of this approach to poly-
orph screening raise questions about the importance of solvent

iversity when searching for polymorphs. While the CBZ
tudy pushed solvent diversity to the extreme by using only
ne solvent, it may be advantageous in general to repeat
emperature–concentration grids with two to three solvents per
ompound. It is also suggested that this type of screening,
hich purposely avoids solvates, be combined with a solution-
ediated phase transformation study under ambient conditions,

sing approximately 20 solvents. This combination of rational
nd purposeful polymorph screens would be expected to iden-
ify the stable polymorph at room temperature and all relevant
olymorphs/pseudo polymorphs with an appropriate resource
urn.
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