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Thermal Methods

of Analysis

and measuring the change in some physical property. The most important
thermal methods for the study of solid-state chemistry are thermogravimet-

ric analysis (TGA), differential scanning calorimetry (DSC), and thermal mi-
croscopy (discussed in Section 4.4). Therrnogravimetric analysis measures the change
in the mass of sample as the temperature is changed. Differential scanning calorimetry
involves measuring the difference between the temperature of the sample and 3 refer-
ence compound as the temperature of the system is changed, thus providing informa—
tion on the enthalpy change of various solid-state processes. Thermal methods of
analysis are important analytical tools for characterizing pharmaceutical solids. The use
of TGA and DSC in conjunction with thermal microscopy (Section 4.4) can elucidate
many behaviors of solids.

‘ l hermal analysis generally refers to any method involving heating the sample

5.1 THERMOGRAVIMETRIC ANALYSIS (TGA)

Basically, a thermogravimetric instrument consists of a microbalance connected to a
sample compartment situated in a small oven with computer-controlled temperature
programming. A dry nitrogen atmosphere is most commonly used, however, other
gases can be employed (the compostion and flow dynamics of the gas are important
parameters.) This method measures the change in mass with temperature and is often
used to study the loss of solvent of crystallization or other solid —) solid + gas reac-
tions. A typical TGA trace is shown in Figure 5.1. In studies of solid-state chemistry,
TGA is usually performed in one of three modes:

1 . Isothermal mode——the temperature is kept constant.

2. Quasi-isothermal mode—the sample is heated to a constant mass
through a series of increasing temperatures.

3. Dynamic mode—the temperature is raised at a known rate, typi—
cally linear.
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 33 5.2 Differential Scanning Calorimetry (DSC)

TGA. Obviously, isothermal TGA traces can be used to determine the rate of the
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time. These plots can then be analyzed as described in Chapter 3. Dynamic TGA has
also been used to determine the rates of such gas—evolving reactions. However, in
general, the kinetic data thus obtained should be substantiated by other data. Isothermal
thermogravimetric analysis has been used extensively in our laboratory to study the
desolvation of crystal solvates (Chapter 16).
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