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Differential ion adsorption in graphene electrodes quantified 
by in situ Raman spectroscopy 

 
Understanding the ion adsorption phenomena is crucial when working with graphene electrodes, extensively 
used nowadays for biosensing or energy storage, among others. In this work, we assess the change in the 
Fermi level of graphene via capacitance measurements and correlate it with in situ Raman spectroscopy [1,2]. 
From this study, an intriguing behavior has been observed. Differently supported graphene was immersed in 
ionic solutions and the Fermi level was assessed using the energy of the G Raman band [3]. The data show 
that meanwhile the Fermi level is shifted when graphene is supported on an insulating substrate, due to ion 
adsorption, the same does not occur for conductive substrates, neither for CVD grown multilayer graphene.  
By combining Raman and capacitance measurements (in the dominating quantum capacitance regime) on 
graphene electrodes we will shed some light into the ion absorption and charge transfer mechanisms involved. 
For this purpose, two types of electrodes (>1 mm diameter), graphene/SiO2 and graphene/ITO, are fabricated 
and immersed in KCl and NaCl solutions of increasing concentration. We hypothesize that charge delocalization 
may happen in graphene supported on metallic substrates, making the Fermi level remain unaltered. 
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Figure 1: (a) Schematic view of graphene´s Fermi level with doping and the renormalization of the G phonon. (b) Raman 
shift of the G band of graphene on different substrates in presence on 4 mM KCl solution. (c) Schematic representation of 
a graphene electrode for capacitance measurements with increasing KCl concentration. 


