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Human and animal muscles sense while working mechanical, thermal or chemical working 
conditions: they are haptic muscles. Currently the origin and nature of the sensing signal has not been 
clarified. While most of the researchers try to clarify this dual activity have been focused on the 
localization of the different physical sensors working in a muscle [1], some researchers suspect that the 
actuating reaction is the origin of some sensing signals sent back to the brain [2].  

Electrochemical reactions of conducting polymers, and other electroactive materials, sense the 
working conditions, mimicking many biochemical reactions involving macromolecules as reactants and 
originating biological functions. Our group has been working from the end of the past century on the 
sensing properties of the electrochemical reactions of conducting polymers, carbon nanotubes or 
graphenes [3]. While the sensing properties have been demonstrated empirically using different dual 
sensing/actuating devices based on conducting polymers (smart membranes, smart windows, artificial 
muscles..) [4] the origin and nature of the sensing signal has not been clarified yet. 

It is our aim to do a deep study of the electrochemical reactions involving this multistep 
macromolecular machines, in order to demonstrate that the sensing signal is an inherent property of the 
reversible electrochemical reactions involving conducting polymers during actuation. Formulating a new 
sensing principle by similitude with the Le Chatelier and Nerst sensing principles for chemical or 
electrochemical equilibrium: any change or perturbation of the reaction energetic conditions is sensed 
by the energy consumed during the reaction. 

In order to achieve our aims, a deep study of the response during actuation of polypyrrole film 
coating a platinum electrode under different chemical, electrical and thermal perturbations will be 
performed. The polymeric material will be submitted to potential sweeps, potential square waves and 
current square waves in order to determinate the evolution of the potential reached, current peak and 
consumed charge while actuating in diverse working environment, getting the energy consumed by the 
electrochemical reaction as a sensing magnitude. Finally a deeper study is programmed to do using 
different materials, as well as different electrolyte and solvent. The new theoretical description would 
clarify the electrochemical origin of the dual sensor and actuator nature of this biomimetic materials, and 
inspires the development of new dual sensing/actuating devices.  

Advisers/Mentors 

Toribio F.Otero, Laboratory of Electrochemistry Intelligent Materials and Devices. Technical University 
of Cartagena. Email: toribio.fotero@upct.es. 

References: 

1. S. Rossignol, R.J. Dubuc, J.P. Gossard, Dynamic sensorimotor interactions in locomotion, Physiol. 
Rev. 86 (2006) 89–154. doi:10.1152/00028.2005. 
2. H. Iwamoto, The earliest molecular response to stretch of insect flight muscle as revealed by fast X-
ray diffraction recording, Sci Rep. 7 (2017) 42272. doi:10.1038/srep42272. 
3. T.F. Otero, J.G. Martinez, Physical and chemical awareness from sensing polymeric artificial muscles. 
Experiments and modeling, Progress in Polymer Science. 44 (2015) 62–78. 
doi:10.1016/j.progpolymsci.2014.09.002. 
4. T.F. Otero, From Electrochemically-Driven Conformational Polymeric States to Macroscopic and 
Sensing Artificial Muscles., in: J.-P. Sauvage, P. Gaspard (Eds.), From Non-Covalent Assemblies to 
Molecular Machines, Wiley-VCH, Weinheim, 2011: pp. 443–452. 


