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Investigation of the structural Relaxation Process of Amorphous
Formulation by Isothermal Microcalorimetry

Kohsaku Kawakami
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The use of isothermal microcalorimetry for analyzing structural relaxation and recovery
processes of amorphous materials is discussed. Unlike the conventional DSC method, this new
method enables to directly monitor the relaxation process. Also featured in this article is its
application for investigating the recovery process, which has hardly been reported in literature.
The both processes were elucidated using Kohlrausch-Williams-Watts derivative, although its
application for the recovery process needs discussion. The relaxation parameters obtained by
this procedure agreed very well with those from the DSC method. The advantages and disadvantages

of this method are summarized.
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Fig.1 An enthalpy-temperature diagram of amorphous
materials.
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Table 1 Advantages and disadvantages of the use of
isothermal microcalorimetry as a tool to
investigate enthalpic relaxation of amorphous
materials.

Advantages

# Direct observation of relaxation processes
# Also applicable for evaluating recovery processes
# No instrumental artifacts (such as frequency effect)

Disadvantages

# Unable to control the thermal history
# Relatively a large amount of sample
# Narrow temperature range

# Not applicable for fast relaxation
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Fig.2 Examples of outputs of the isothermal micro-
calorimetric experiments for the relaxation
process. Freeze-dried sucrose was observed at
250 . Three independent measurements are
differentiated by symbols (circle, triangle, and
square). The relaxation parameters obtained were
indicated in the figure.
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Fig.3 Comparison of the relaxation times obtained
by the DSC method (m , ref.44) and the isothermal
microcalorimetric method for amorphous sucrose.
The microcalorimetric data were analyzed by
KWW derivative (0) and MSE derivative (o).
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Fig.4 Examples of outputs of the isothermal micro-
calorimetric experiments for the recovery process.
Maltose formulation, of which the fictive
temperature was 320, was observed at 400 .
Three independent measurements are differentiated
by symbols (circle, triangle, and square). The
recovery parameters obtained were indicated in
the figure.
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Tabel 2 KWW Parameters for the maltose formulation
obtained by isothermal microcalorimetry.

Recovery process Relaxation process

T/O

B t/h B T/h
50 u| u| 057+ 0.24 3.4+ 04
45 078+ 010 20+ 1.0 042+ 013 3.9+ 16
40 077+ 006 50+ 1.0  0.37+ 0.06 19+ 1
35  0.60+ 020 7.7+36  0.28+ 007 218+ 96
30 O O 0.31+ 0.01 343+ 12
25 0 0 0.33+ 0.03 3133+ 21
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