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The increasing demands of high energy and high power energy storage devices require significant 

improvement of current battery and supercapacitors electrodes materials and the development of new 

advanced electrode materials. To achieve this goal, a deeper understanding of the properties of the 

electrodes and their real-time dependence on the applied voltage, state-of-charge and cycling lifeis 

highly required. While information about the chemical and the crystalline nature of the electrodes can 

be obtained by using a variety of in-situ techniques like XRD, Raman, and FTIR, still, other important 

aspects related to the nature of the inserted ions, morphological variations, and the mechanical state 

of the electrodes cannot be provided by the conventionally used methods. In recent years, I am 

developing a new in-situ analytical approach to using electrochemical quartz crystal microbalance with 

dissipation monitoring (EQCM-D). In this technique, a piezoelectric quartz sensor sandwiched 

between two metallic layers is excited to resonance by the application of an alternating voltage. By 

adjusting the applied voltage, multiple resonance modes (also called harmonics) can be measured and 

the variations in the frequencies and the dissipation factor (f/n and D, respectively) are simultaneously 

monitored.  The sensor is coated by a thin layer of the materials of interest and the changes in the 

properties of the layers after immersion in electrolyte solutions, and during intercalation/adsorption 

of ionic species are monitored by measuing multi harmonics response of both f/n and D.  Fitting of 

the developed acoustic load impedance models to the recorded f/n and D values by suitable models 

allows extraction of real-time information of potential induced gravimetric, viscoelastic and 

morphological changes in operating electrodes and provides valuable information about their charging 

mechanism. In this lecture, the use of EQCM-D for in-situ monitoring of electrode materials for 

energy storage applications, including redox-type polymers, intercalation compounds, and capacitive-

type electrodes will be described. The use of this method for the characterization of thin films will be 

discussed as well. The presented EQCM-D method may be used to gain a better understanding of the 
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charging mechanism and degradation pathways in electrode materials for further development of 

advanced batteries and supercapacitors. perovskite / silicon tandem solar cells.  

 

     

 

Location: Seminar room 112 

Looking forward to seeing you! 


