
Problem

A pharmaceutical company desires to have a 
method for determining the volatiles (alcohol 
and water) in certain formulations, such as 
cough syrup. Traditional thermogravimetric 
analysis (TGA) provides weight loss information  
starting from room temperature, but the cough 
syrup begins losing its volatiles at room temper-
ature making it difficult to obtain an accurate 

assessment of the composition of the syrup. The pharmaceutical facility desires 
to have a better means of establishing the amount of volatiles in the cough and 
cold syrups and other formulations.

Solution

Most thermogravimetry experiments begin near room temperature, at approxi-
mately 23 ˚C. This particular choice of starting temperature is satisfactory for 
most TGA experiments since mass losses occur at temperatures significantly 
above room temperature. However, for certain materials or formulations, the 
weight losses occur at around 50 ˚C. For these applications, it is desirable 
to start the TGA experiment well below room temperature, at temperatures 
approaching -20 ˚C. This provides a better establishment of the low temperature 
mass loss events.
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For the analysis of the cough syrup formulation, a Neslab 
circulator was utilized with an ethylene glycol – water 
mixture. The circulator was connected to the dual walled 
furnace tube, and the Pyris 1 TGA was cooled to the initial 
starting temperature of about -20 ˚C.

The cough syrup specimen was obtained by chilling a  
portion of the syrup with dry ice to freeze the formulation. 
After freezing, a small specimen of the sample was chipped 
away and quickly placed into the pre-chilled TGA furnace 
and sample assembly. The mass of the sample was approxi-
mately 38 mg and the specimen was heated at a rate of  
20 ˚C/min from the subambient starting temperature to  
250 ˚C under a nitrogen purge. The results of the subambient 
TGA experiment on the cough syrup formulation are shown 
in Figure 1.

From these results, it may be seen that the primary benefit 
of the subambient TGA is to provide a better TGA baseline 
response going into the water and volatiles weight loss 
event beginning at about 20 ˚C. This provides a more accurate 
and reliable assessment of the percentage of volatiles  
contained in the formulation for quality assurance and  
other purposes.

Summary

The PerkinElmer Pyris 1 TGA may be operated under  
sub-ambient conditions (start temperature of -20 ˚C) using a  
special double walled furnace tube. The subambient operation 
provides enhanced accuracy and reliability of compositional 
analysis of materials and formulations containing water and 
other volatiles, such as alcohol-containing samples. Users 
who would benefit from subambient analysis include:  
pharmaceutical formulations such as cough and cold syrups, 
fruit or soft drink concentrates and hydrated inorganic mate-
rials. The use of the circulator fluid with the special dual 
wall furnace also provides the benefit of increasing sample 
throughput significantly since the circulator permits the TGA 
to cool back to ambient conditions much more rapidly after 
the completion of experiments.

The study of the drying process of materials, whether due to 
moisture or low temperature solvent evolution, is the most 
common application of subambient TGA. This would apply 
to aqueous or solvent formulations such as cough and cold 
syrups and other pharmaceutical medications, paints, coatings 
and hydrated inorganic substances.

The advantages of subambient TGA, for these types of 
applications are:

• Better definition of TGA baseline prior to water or solvent 
mass loss event

• Better resolution or separation of overlapping transitions 
occurring in the temperature region between 25 and 100 ˚C

PerkinElmer was the pioneer in the development of sub-
ambient TGA studies. For subambient studies with the 
PerkinElmer Pyris 1 TGA, the standard TGA furnace tube  
is replaced with a special dual walled furnace tube, which 
permits the circulation of a chilled fluid to permit the sample 
to achieve subambient conditions.
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Figure 1.  Low temperature TGA to suppress volatile loss.


