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a b s t r a c t

We first report that the formation of pharmaceutical co-crystal can be synchronously screened and con-
firmed by a simultaneous DSC-FTIR microspectroscopic system, in which this combined unique system
giving spectroscopic and thermodynamic information could provide a easy and direct way for one step
screening and qualitative detection of the co-crystal formation in real time.

� 2011 Elsevier Ltd. All rights reserved.
Recently, pharmaceutical co-crystals have gained interesting
attention to act as drug candidates in solid-state drug develop-
ment.1,2 A pharmaceutical co-crystal, composed of an active phar-
maceutical ingredient (API) and a co-former, does not only provide
new opportunities to modify the physicochemical properties, dis-
solution rate, and drug bioavailability of an API, but also creates
intellectual property for a new patent of an API for extending their
life cycle.3,4 Thus, the investigations of pharmaceutical co-crystals
have been rapidly expanded by growing the number of research
publications and patent applications.

Although various methodologies for the preparation of pharma-
ceutical co-crystals have been employed,5,6 it might take much
time to attempt to prepare the co-crystal formation and then to
identify its factuality with different analytical techniques. There-
fore, a easy and direct co-crystal screening method is needed in
the pharmaceutical industry to improve the screening efficiency
in a short time. Until now, there are few techniques available to ex-
actly predict or screen for possible co-crystal formation by a quick
procedure.7,8 To the best of our knowledge, We first report herein a
system combining DSC and FTIR to achieve the analysis in one-
step. This one-step approach is based on the use of a powerful
DSC-FTIR combined microspectroscopic system to simultaneously
and directly screen and detect the co-crystal formulation in real
time.

Twelve API/co-former combinations were selected for possible
screening and detection of co-crystal formation by using this
simultaneous DSC-FTIR microspectroscopy. The representative
APIs and co-formers were chosen as a demonstration (Scheme 1):
All rights reserved.
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indomethacin (IMC) and saccharin (SAC), piroxicam (PIRO) and
SAC, or carbamazepine (CBZ) and glutaric acid (GLU). Each pair
was homogeneously mixed by the same molar ratio, respectively.
A trace amount of the powders mixed was directly pressed within
two pieces of KBr pellets by a hydraulic press under 200 kg/cm2 for
15 s to form a disc. Each sample disc was then determined by a
DSC-FTIR microspectroscopic system via a transmission meth-
od.9,10 The raw material of each API or co-former as well as their
physical mixture were measured by the conventional DSC and FTIR
analysis, respectively. Each solvent-evaporated sample containing
API and co-former was also prepared by solvent evaporation. Or-
ganic solvents used for preparing each solvent-evaporated sample
were acetone for IMC/SAC; chloroform for PIRO/SAC; ethyl acetate
for CBZ/GLU, respectively.

The first representative case is studied by using IMC and SAC.
The DSC thermograms and FTIR spectra of IMC, SAC, physical mix-
ture and solvent-evaporated sample of IMC/SAC are indicated in
Figure 1. Two endothermic peaks at 161 and 229 �C in the DSC
curve were attributed to the melting points of IMC (a) and SAC
(b), respectively. However, two endothermic peaks at 153 and
183 �C as well as one exothermic peak at 159 �C were observed
from the DSC curve of the physical mixture of IMC/SAC (c). The
peak appeared at 153 �C might be due to the fusion of eutectic mix-
ture,7 but the peak at 183 �C was corresponded to the melting
point of IMC/SAC co-crystal following the exothermic peak at
159 �C. The solvent-evaporated sample showed an endothermic
peak at 183 �C (d), too. The endothermic peak at 183 �C was
consistent with the melting point of IMC/SAC co-crystal.11,12 Due
to co-crystal formation between IMC and SAC, a significant IR
spectral difference was also found for the physical mixture (c)
and solvent-evaporated sample (d) of IMC/SAC. Two unique IR
spectral peaks at 1735 and 1682 cm�1 were observed for the
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Scheme 1. Chemical structures of the representative APIs and co-formers.

Figure 1. The DSC thermograms and FTIR spectra of IMC (a), SAC (b), physical mixture (c) and solvent-evaporated sample (d) of IMC/SAC, as well as thermal-dependent three-
dimensional FTIR spectral plot of the physical mixture of IMC/SAC.
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solvent-evaporated sample (d) of IMC/SAC, due to the co-crystal
formation occurring via intermolecular hydrogen bonding between
IMC and SAC. The thermal-dependent three-dimensional FTIR
spectral plot of the physical mixture of IMC/SAC determined by a
simultaneous DSC-FTIR microspectroscopy in the IR spectral range
within 1900 and 1400 cm�1 is also shown in Figure 1. Obviously,
before 153 �C the three-dimensional FTIR spectral plot almost
maintained the constant contour. Once the temperature was
beyond 153 �C, three new IR peaks at 1736, 1718 and 1684 cm�1

were observed in the IR spectral map. These three IR peaks at high-
er temperature almost agreed with the IR spectral data of the
solvent-evaporated sample (d), suggesting the actual formation
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of IMC/SAC co-crystal. This clearly evidences that the unique and
powerful DSC-FTIR microspectroscopic system can easily, directly
and simultaneously screen and detect the co-crystal formation of
IMC/SAC in real time.

PIRO and SAC are selected for the second study. Figure 2 shows
the DSC curves and FTIR spectra of PIRO, SAC, physical mixture and
solvent-evaporated sample of PIRO/SAC. Obviously, two sharp
endothermic peaks at 202 and 229 �C in the DSC curves were re-
lated to the melting point of PIRO (a) and SAC (b), respectively.
However, the physical mixture of PIRO/SAC (c) showed a compli-
cated change in the DSC thermogram, in which three endothermic
peaks at 167, 196, 221 �C and two exothermic peaks at 169, 198 �C
were observed. The appearance of four peaks at 167, 169, 196 and
198 �C will be investigated in the next study, but the peak at 221 �C
was the same as the melting point of the solvent-evaporated sam-
ple of PIRO/SAC (d). The endothermic peak at 221 �C might be re-
lated to the melting point of PIRO/SAC co-crystal,13,14 suggesting
that the co-crystal formation occurred between PIRO and SAC after
solvent evaporation. While the IR spectrum of the solvent-evapo-
rated sample of PIRO/SAC (d) was markedly different from that
Figure 2. The DSC thermograms and FTIR spectra of PIRO (a), SAC (b), physical mixture
three-dimensional FTIR spectral plot of the physical mixture of PIRO/SAC.

Figure 3. The DSC thermograms and FTIR spectra of CBZ (a), GLU (b), physical mixture (c)
dimensional FTIR spectral plot of the physical mixture of CBZ/GLU.
of the physical mixture of PIRO/SAC, in which four specific IR spec-
tral peaks were observed at 1736, 1641, 1607 and 1554 cm�1. The
former three IR peaks at 1736, 1641, and 1607 cm�1 were found in
the three-dimensional FTIR spectral plot (1736, 1639, 1606 cm�1)
of the physical mixture of PIRO/SAC determined with a simulta-
neous DSC-FTIR microspectroscopy. Obviously, the simultaneous
DSC-FTIR microspectroscopic system can also directly and immedi-
ately screen and detect co-crystal formation of PIRO/SAC in a one-
step process, again.

CBZ and GLU are selected in the third study. There are two
endotherms (173 and 191 �C) and one exotherm (176 �C) in the
DSC curve of CBZ (Fig. 3a). The endothermic peak at 173 �C might
be due to the fusion of polymorphic Form III of CBZ,15,16 while
the second endothermic peak at 191 �C was attributed to the melt-
ing point of polymorphic Form I of CBZ. The exothermic peak at
176 �C corresponded to the solid–solid polymorphic transition
from Form III to Form I of CBZ by recrystallization. GLU (Fig. 3b)
also shows a solid–solid transformation near 69–75 �C to a phase
with a melting point of 98 �C.17 While the physical mixture of
CBZ/GLU (Fig. 3c) displays three endothermic peaks near 69–75
(c) and solvent-evaporated sample (d) of PIRO/SAC, as well as thermal-dependent

and solvent-evaporated sample (d) of CBZ/GLU, as well as thermal-dependent three-



Table 1
The physical mixtures simultaneously screened and detected by using a simultaneous DSC-FTIR microspectroscopy

APIs (mp)a Co-formers (mp)a Co-crystal formed?b (mp)a Mp of co-crystal reportedc

Benzoic acid (122 �C) Nicotinamide (128 �C) Yes (91 �C)
Carbamazepine (191 �C) Glutaric acid (98 �C) Yes (124 �C) 125 �C (Ref. 5)
Carbamazepine (191 �C) Urea (133 �C) Yes (169 �C) 170 �Cd

Famotidine (163 �C) Nicotinamide (128 �C) No (117 �C)
Famotidine (163 �C) Saccharin (226 �C) No (100–150 �C)
Indomethacin (162 �C) Nicotinamide (128 �C) Yes (127 �C) 123 �C (Ref. 17)
Indomethacin (162 �C) Saccharin (226 �C) Yes (183 �C) 183–184 �C (Ref. 3)
Loratadine (135 �C) Glutaric acid (98 �C) No (62–95 �C)
Norfloxacin (221 �C) Nicotinamide (128 �C) Yes (188 �C)
Piroxicam (198 �C) Saccharin (226 �C) Yes (221 �C) 222 �C (Ref. 15)
Theophylline (272 �C) Citric acid (157 �C) Yes (181 �C) 178 �C (Ref. 19)
Theophylline (272 �C) Nicotinamide (128 �C) Yes (172 �C) 174 �C (Ref. 20)

a (Mp: melting point) determined by DSC in this study.
b Screened and detected by using simultaneous DSC-FTIR microspectroscopy in this study.
c Reported from references.
d http://www.rsc.org/suppdata/CE/b8/b801713c/b801713c.pdf.
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(solid–solid transformation of GLU), 94 (eutectic point of CBZ/GLU)
and 124 �C in the DSC thermogram. Beyond 94 �C a co-crystal was
formed after an exothermic peak at 98 �C. The peak at 124 �C was
the melting point of CBZ/GLU co-crystal, which was consistent
with the melting point at 125 �C for the CBZ/GLU co-crystal re-
ported.5 The solvent-evaporated sample (Fig. 3d) also exhibited
an endothermic peak at 124 �C, implying the co-crystal formation
after solvent evaporation process.18 However, two endothermic
peaks at 99 and 107 �C and one exothermic peak at 100 �C were ob-
served in the DSC curve of the solvent-evaporated sample before
124 �C, it will be investigated in the future. The FTIR spectrum of
the physical mixture of CBZ/GLU (Fig. 3c) was clearly different from
that of the IR spectrum of the solvent-evaporated sample of CBZ/
GLU (Fig. 3d). Six specific IR peaks at 1708, 1687, 1638, 1552,
1492 and 1428 cm�1 were observed from the IR spectrum of the
solvent-evaporated sample of CBZ/GLU. These six specific IR peaks
were also found in the three-dimensional FTIR spectral profile
(1713, 1691, 1641, 1554, 1491, 1427 cm�1) of the physical mixture
of CBZ/GLU after measurement with simultaneous DSC-FTIR mic-
rospectroscopy. It strongly confirms that the simultaneous DSC-
FTIR microspectroscopic system can also effectively provide a
one-step screen to determine the CBZ/GLU co-crystal formation
in real time.

In this communication, twelve physical mixtures of API and co-
former were tested by simultaneous DSC-FTIR microspectroscopy
and also confirmed by DSC, as listed in Table 1. Nine co-crystals re-
ported in other studies5,11–15,17,19,20 were successfully screened and
confirmed by a simultaneous DSC-FTIR microspectroscopy using a
rapid one-step process. Three physical mixtures that failed to form
a co-crystal were also identified by this method. In conclusion, we
have extended the use of this unique and powerful technique
(DSC-FTIR microspectroscopic system) for synchronous screening
and confirming the co-crystal formulation in real time.
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