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The effects of structurally related organic impurities on the molecular dynamics of amorphous sulfamethazine
were evaluated using thermal analysis. Sulfanilamide (SNA), sulfamerazine (SMR), and sulfadimethoxine (SDM) were
used as virtual impurities of sulfamethazine. The amorphous state was prepared in situ in differential scanning
calorimetry by quenching the melted physical mixtures of sulfamethazine and each impurity compound in the
differential scanning calorimetry pan. In the following heating process, the glass transition temperatures (7,) of each
were measured. The fragility parameters were estimated from the width of 7,. The T, of amorphous sulfamethazine
with those impurities changed in accordance with the manner set forth in the Gordon-Taylor equation. The fragility
parameter slightly increased when a small amount of SNA or SMR was incorporated. Moreover, the probability of a
measurement in which crystallization of sulfamethazine was observed above its 7, increased at a low concentration
range of SNA, SMR, or SDM. It was considered that the existence of a small amount of impurity would induce
heterogeneity in the molecular density of the amorphous state, which would be associated with the local fluctuation. It
was suggested that the change in the molecular dynamics would be related to the probability of crystallization of

sulfamethazine.
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Table1  Compounds used in this study.
Molecular
formula and Melting Heat of
Compound . .
molecular point fusion
weight
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Fig.1 Binary phase diagrams of sulfamethazine and impurity
compounds. (a) sulfamethazine and SNA, (b) sulfamethazine
and SMR, and (c) sulfamethazine and SDM. Black and open
symbols are the measured melting points and eutectic melting
points, respectively. Dashed lines represent the calculated
theoretical values.
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Fig.2 Variations of the glass transition temperatures of
sulfamethazine with each sulfonamide impurity.
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Fig.3 Variation of the fragility parameter, m, of amorphous
sulfamethazine with each sulfonamide impurity below 10 wt%
of each impurity calculated from 7, width.
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Fig.4 DSC heating curves of a) sulfamethazine pure and b) sulfamethazine with 1.0 wt% sulfanilamide. Each 12 lines are
described from the total of the triplicates for each heating rate (2, 5, 10 and 20 °C).
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Table2  Number of DSC measurements in which the
crystallization of sulfamethazine Above T, was observed.

Heating rate Total
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Fig.5 Schematic images of estimated mechanisms of
crystallization of sulfamethazine observed in this study. Open
and black circles indicate sulfamethazine and impurity
molecules, respectively. Gray and black hexagons are
sulfamethazine crystal and impurity crystal, respectively. (a)
Crystallization was accelerated by the increased molecular
mobility due to the presence of a small amount of impurity, (b)
crystallization was inhibited by existence of high amount of
impurity molecules, and (c) a large amount of SNA crystallized
first and induced the crystallization of sulfamethazine.
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Fig.6 Relationship between the crystallization tendency in
DSC measurement and the fragility parameter, m, obtained from
T, width.
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