
Introduction
The presence of water on either the 
anode or cathode in a lithium-ion battery 
can seriously hinder its performance. 

Water may react with the conducting salt (usually LiPF6) via a hydrolysis reaction 
or cause swelling, both of which contribute to reduced performance.1  It is 
therefore important to have a method whereby water on electrodes may be 
measured. A common method currently used is a Karl Fisher titration. However, 
this requires several reagents and therefore has a high continuous cost to the 
user carrying out the analysis. In addition, a Karl-Fisher titration requires grinding 
of the sample which may lead to more exposure to moisture.

Thermogravimetric analysis hyphenated to mass spectrometry (TG-MS) provides 
not only accurate data on the water adsorbed to the surface of an electrode, but 
also provides information on other small molecules based on molecular weight. 
Furthermore, information about the temperature at which these molecules 
desorb can also be found. Unlike a Karl-Fisher titration, this method requires no 
sample preparation.

Analysis of Water  
and Carbon Dioxide  
Adsorbed to Electrodes 
Using TG-MS

A P P L I C A T I O N  N O T E

Thermogravimetric 
Mass Spectrometry (TG-MS)

AUTHOR

Kieran Evans 
Applications Scientist
PerkinElmer, Inc., Seer Green, UK



2www.perkinelmer.com

Analysis of Water and Carbon Dioxide Adsorbed to Electrodes to TG-MS

Experimental
The electrode samples were measured using a PerkinElmer TGA TGA 8000TM thermogravimetric analyzer hyphenated to an SQ8 mass 
spectrometer via a TL8500 TG-GC/MS coupling platform. The TL8500 TG-GC/MS system (Figure 1) allows for both TG-GC/MS and 
TG-MS analysis to be carried out. ‘On-line’ TG-MS involves skipping the GC column and sending gases straight to the mass spectrometer, 
allowing for real-time analysis.

The parameters used during analysis are shown in Table 1.

Results and Discussion
Two anodes and one cathode sample were measured as part of this work. Four parameters were measured as a function of 
temperature during the experiment:

   Weight (%)
   Derivative Weight
   Abundance at 18 amu
 Abundance at 44 amu

The derivative weight loss provides very clear indications of where weight losses start, and the rate at which weight loss is occurring.

The TG-MS data for the first anode sample is shown in Figure 2.

Figure 1: PerkinElmer TL8500 Hyphenation System.

Table 1: Experimental parameters used for TG-MS analysis

Parameter Value

TGA Temperature Range 30 – 450 oC
TGA Ramp Rate 20 oC/min
Sample Purge Rate (Purge Gas) 60 mL/min (He)
Pump Rate 30 mL/min
Interface Set Temperature 270 oC
Selected Ions 18 (H2O) & 44 (CO2) amu

Figure 2: TG-MS data for anode sample 1 showing TGA Curve (Red), DTG Curve (Blue), Abundance for 18 amu (Pink) and Abundance for 44 amu (Green).



3www.perkinelmer.com

Analysis of Water and Carbon Dioxide Adsorbed to Electrodes to TG-MS

This data shows a clear relationship between the derivative weight loss and MS curves. This indicates no significant lag between 
the evolution of the gas and the MS signal. In this sample, we see complete physical adsorption of water at approximately 210 oC 
then co-evaporation of water and  
CO2 at 270 oC.

Figure 3 shows the TG-MS data for the second anode sample.

This anode sample shows significantly more weight loss steps than the first. It shows complete physical adsorption of water at 
around 158 and 323 oC. Furthermore, it shows co-evaporation of water and CO2 at around 245 oC. There are also three separate 
weight loss events corresponding to the desorption of CO2 between 398 and 541 oC. Even with this more complex profile, no 
significant lag is seen between weight loss detection and mass ion detection. 

The data for the final sample, a cathode, is shown in Figure 4.

Figure 3: TG-MS data for anode sample 2 showing TGA Curve (Red), DTG Curve (Blue), Abundance for 18 amu (Pink) and Abundance for 44 amu (Green).

Figure 4: TG-MS data for cathode sample 1 showing TGA Curve (Red), DTG Curve (Blue), Abundance for 18 amu (Pink) and Abundance for 44 amu (Green).
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Summary
Thermogravimetric analysis hyphenated to mass spectrometry 
provides a method for real time detection of water and CO2 
adsorption and desorption of electrode samples. The data 
obtained from TG-MS may be used to inform decisions 
regarding processing of electrodes to ensure minimal water 
content and thus maximize performance. The PerkinElmer 
TL8500 system allows for both TG-GC/MS analysis and 
‘On-Line’ TG-MS analysis, providing a powerful solution for 
battery analysis.

Reference
1.  Eser, J.C., Wirsching, T., Weidler, P.G., Altvater, A., 

Börnhorst, T., Kumberg, J., Schöne, G., Müller, M., Scharfer, 
P. and Schabel, W. (2020), Moisture Adsorption Behavior in 
Anodes for Li-Ion Batteries. Energy Technol., 8: 1801162  


