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Interest in cocrystals in the pharmaceutical industry has increased in recent years. Although a number of studies
have reported that cocrystals can form by heating a physical mixture of two components, details surrounding
heat-induced cocrystal formation remain unclear. Here, we attempted to clarify the thermal behavior of a physical
mixture and cocrystal formation in reference to a binary phase diagram. Physical mixtures prepared using an agate
mortar were heated using differential scanning calorimetry (DSC). Some mixtures were further analyzed using X-ray
DSC and polarization microscopy. When a physical mixture consisting of two components which was capable of
cocrystal formation was heated using DSC, an exothermic peak associated with cocrystal formation was detected
immediately after an endothermic peak. In some combinations, several endothermic peaks were detected and
associated with metastable eutectic melting, eutectic melting, and cocrystal melting. In contrast, when a physical
mixture of two components which is incapable of cocrystal formation was heated using DSC, only a single
endothermic peak associated with eutectic melting was detected. Using homogeneously-mixed fine particles in our
study was crucial to eliciting the behavior noted in the binary phase diagrams.
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Table 1 Difference between salt and cocrystal.
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Fig.1 Binary phase diagrams of combinations capable of
cocrystal formation. (A) Congruent melting system, (B)
incongruent melting system. L, liquid; S,, solid of Component
A; Sg, solid of Component B; S¢, cocrystal; E, eutectic point;
m-E, metastable ecutectic point; P, peritectic point; 7Tj,.g,
metastable eutectic temperature; Ty eutectic temperature; Tbp,
peritectic temperature; T4, melting temperature of component A;
Ts, melting temperature of component B; 7, melting
temperature of cocrystal.
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Fig.2 Binary phase diagram of a combination incapable of
cocrystal formation. L, liquid; S4, solid of Component A; Sg,
solid of Component B; E, ecutectic point; Tg, eutectic
temperature; T,, melting temperature of component A; Tg,
melting temperature of component B.
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Fig.3 Thermal behavior of a physical mixture of caffeine and
salicylic acid. Heating rates of (a) 2 °C min~', (b) 5°C/min, (c)
10 °C min ' and (d) 30 °C min ..
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Fig.4 Thermal behavior of a physical mixture of theophylline
and nicotinamide. Heating rates of (a) 2 °C min ', (b)
5°Cmin", (c) 10 °C min~"', and (d) 30 °C min~".
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Fig.5 Thermal behavior of a physical mixture of caffeine and
nicotinamide. Heating rates of (a) 2 °C min~', (b) 5 °C min~",
(¢) 10 °Cmin~" and (d) 30 °C min".
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Table 2 Summary of detection of exothermic peaks in DSC.
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(CAR), and cocrystal prepared from solution. (a) (+)-camphor
acid, (b) Carbamazepine, and (c) cocrystal. Analyzed at 25 °C
after grinding. @ arrows indicate typical diffraction peaks of
the cocrystal, 4 those of (+)-camphoric acid, and B those of
the stable form of CAR at low temperatures.
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Fig.8 X-ray DSC analysis of a physical mixture of
carbamazepine (CAR) and (+)-camphoric acid. @ indicate
typical diffraction peaks of the cocrystal, 4 those of
(+)-camphoric acid, and B those of the stable form of CAR at
low temperatures as in Fig.7.
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Fig.9 Schematic illustration of thermal events observed with a
congruent melting system at Ty,g, Tg1, Tgo, and Tc. Sa, solid of
Component A; Sg, solid of Component B; S¢, cocrystal; Ly,
A-rich liquid; Lg, B-rich liquid; Ly, liquid of cocrystal forming
composition; 7;,.g, metastable eutectic temperature; 7g;, eutectic
temperature 1; Ty, eutectic temperature 2; 7, melting point of
cocrystal. (a) S contacts with S, in a physical mixture. (b)
Eutectic melting of S, and Sz occurs at 7, g to form Ly, (c)
Cocrystal (Sc) forms from Ly, to hinder the contact of S, with Sg.
(d) Eutectic melting of S, and Sc occurs at 7¢; and L, appears.
(e) Sp contacts with and dissolves into L, to form Ly, to induce
cocrystallization. (f) Eutectic melting of Sg and Sc¢ occurs at Tg,
and Ly appears. (g) L, and Ly are mixed to each other to form
Ly to induce cocrystallization. (h) Cocrystal melts at 7¢.
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Fig.10 The thermal behavior of a physical mixture of piroxicam
and saccharin. Heating rates of (a) 2 °Cmin~"', (b) 5 °Cmin~',
(¢) 10 °Cmin~"', and (d) 30 °C min .
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Fig.11 The thermal behaviors of a physical mixture of
carbamazepine and nicotinamide. Heating rates of (a)
2°Cmin ", (b) 5°Cmin~", (¢) 10°Cmin ', and (d) 30 °Cmin".
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Fig.12 X-ray DSC analysis of a physical mixture of
carbamazepien (CAR) and nicotinamide. @ indicate typical
diffraction peaks of the cocrystal, <> those of nicotinamide, and
B those of the stable form of CAR at low temperature.
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Fig.13 The microscopic observation and thermal behavior of a
physical mixture of carbamazepine and fumaric acid.
Polarization microscopic picture before (A) and after (B)
grinding. Thermal behavior before (C) and after (D) grinding.
Heating rates of (a) 2 °Cmin~"', (b) 5 °Cmin", (¢) 10 °Cmin ",
and (d) 30 °Cmin ..
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Fig.14 The microscopic observation and thermal behavior of a
physical mixture of carbamazepine and hippuric acid.
Polarization microscopic picture before (A) and after (B)
grinding. Thermal behavior before (C) and after (D) grinding.
Heating rates of (a) 2 °Cmin "', (b) 5 °Cmin", (¢) 10 °Cmin ",
and (d) 30 °C min "
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