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Current electroencephalogram (EEG) headsets used in brain-computer interfaces (BCIs) 
face significant barriers to daily use. Conventional conductive hydrogels are used to bridge 
the electrical signals between the scalp and the EEG electrodes; however, due to their 
toothpaste-like consistency, these hydrogels are prone to motion artifacts leading to unstable 
EEG signal transmission. Often, a chin strap is required to ensure high signal quality; 
however, this causes discomfort, especially for hypersensitive patients. Here, we propose a 
conductive and adhesive smart polyampholyte (PA) hydrogel synthesized via the 
copolymerization of sodium 4-vinylbenzenesulfonate and [3-(methacryloylamino) 
propyl]trimethylammonium chloride. By adjusting the overall charge of the PA gel, we 
observed various degrees of adhesion on different substrate surfaces. Rheology and 
adhesion test results revealed a more charge-imbalanced PA gel can increase the interfacial 
adhesion due to their changes in both the bulk gel structure as well as the gel surface 
charges. The abundance of ionic interactions within the gel provides a high toughness. Along 
with the adhesion property, the gel can maintain the EEG electrode-scalp connections 
without the help of chin straps, even under conditions with head movements. In addition, an 
on-demand transition from a solid-like gel state to a water-like fluid state in the presence of 
salt enables easy removal after use. This conductive, tough, adhesive hydrogel has shown 
improved signal acquisition in a preliminary EEG headset testing.  
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