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Thermal Analysis of Physical State of Crystalline/Glassy Pharmaceuticals
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Molecular conformation/arrangement of active pharmaceutical ingredients and excipients
in the solid state has great impact on physicochemical characteristics of the formulations including
solubility and stability. Although various methodologies are available for their investigation,
thermal analysis has great advantages in terms of its high sensitivity and flexibility. In this paper,
thermal analysis for the evaluation of polymorphism and amorphous state is described from
practical viewpoint in the pharmaceutical industry.
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Fig.1 Free energy (G), enthalpy (H) - temperature
(T) diagrams of (A) monotropically or (B)
enantiotropically related transitions. Superscript
or subscript I, II, I-1I, and L mean form I, form
II, forms I-II transition, and liquid state,
respectively. Form I is the stable form in the
case of the monotropic transition, and the stable
form at lower temperature in the case of
enantiotropic transition. AH, and AH, are the
enthalpies of polymorphic transition and fusion.
T, and T, are the transition and the melting

temperatures.
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DSC thermograms of the polymorphic transition of (A) tolbutamide and (B) sulfamerazine obtained on TA
Q1000 (TA Instruments, DE, USA). The heating rates were 0.1,

0.2, 0.5, 1, 2, and 5 Tmin ! (top to bottom)

for tolbutamide and 2.5, 5, 10, and 20 C min ! (top to bottom) for sulfamerazine, respectively. The chemical

structure of each compound is shown in the figure.
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Modulated-temperature DSC measurements of (A) tolbutamide and (B) sulfamerazine on TA Q1000. Samples

were heated or cooled at 2 C min~! with a 60 sec period and 0.75°C amplitude to separate the reversing C,

(heat capacity) from the nonoreversing heat flow. After reaching 70 C (tolbutamide) or 180 C (sulfamerazine),

the temperature was held for 3 minutes and then decreased. Open circles are the heat capacity values

obtained in the quasi-isothermal experiments. The standard deviations of three runs were indicated by error

bars.
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Fig.4 DSC thermograms of sulfamerazine form II with
an addition of a drop of acetonitrile/water =
3/7 to about 10 mg of the solid. Samples were
heated from 40C at 1, 3, or 5 Cmin ! (top to
bottom) on Thermo Plus DSC8240 (Rigaku Denki,
Tokyo, Japan).
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Fig.5 Water sorption/desorption isotherm of S-3578
at 25 C acquired on IGAsorp moisture sorption
analyzer (Hiden Analyticals, London, UK). The
sorption processes are shown as closed symbols
and connected by solid lines. The desorption
processes are shown as open symbols and
connected by dashed lines. The chemical structure
of S-3578 is shown in the figure.
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Fig.6 XRD-DSC measurement of S-3578 performed on
the Rigaku RINT 2000 X-ray Diffraction System
with Thermo Plus II DSC unit (Rigaku Denki,
Tokyo, Japan). The heating rate was 2 C min .
The diffraction peak at 38.5C is due to the
aluminum sample pan.
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Fig.7 Thermal images acquired by an infrared camera,
FSV 7000E (Apiste, Osaka, Japan). Indomethacin
(melting temperature, 173 C), mannitol (176 C),
carbamazepine (190 C), griseofulvin (221 C), and
sulfamerazine (234 C) (left to right, n=3) were
heated at 15 Cmin ! on a programmed hot plate
(Hot Plate DEMO LS15P, Hakko, Nagano, Japan).
Numbers in the left column were temperatures.
Initially, surface temperature of each sample was
lower than the plate (upper). After reaching the
melting temperature, the surface temperature
became equal with the plate temperature (lower).
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Fig.8 Surface temperature of indomethacin observed
by the infrared camera (n=3). Dramatic increase
in the surface temperature was observed during
the melting. The melting temperature can be
determined from the end point.
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Fig.9 Heat flow generated during the isothermal crystallization of Imwitor 742 at (A) —14°C or (B) 0°C on DSC

(TA Q1000).
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Fig.10 Temperature-dependence of crystallization rate

k (circles) and induction time d (squares).
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