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CONTRATOS PREDOCTORALES 2020 SEVERO OCHOA 
 
 

PROJECT TITLE / JOB POSITION TITLE: 
 
 
Dipolar dynamic interactions between conducting materials and neural cell systems. 
Experimental models and Theoretical studies on Ionic gradients and gradient materials 
inducing feedback interactions with biological systems 
 
 
 
RESEARCH PROJECT / RESEARCH GROUP DESCRIPTION: 
(2.000 characters – including spaces) 
 
Conducting materials immersed in an electrolyte undergo the formation of a dipole among 
its borders in presence of external applied fields. If the dipole is large enough 
electrochemical reactions, including intercalation processes of opposed character, or 
deposition, or gas formation, may occur (usually called bipolar electrochemistry). For small 
fields, intercalation /deintercalation of ions is thought to be the basic chemical aspect that 
modify growth of neurons grown on such material. But also modification of the global in 
vivo system is being observed.  
This work will focus on the direct interactions between a material immersed in a biological 
media with dynamic electric behavior (ex. Through action potentials in neurons), by 
exploring the electrochemical models that may explain those interactions, in a static and 
also dynamic set ups, how such interaction occurs in both directions (i.e. once the cell 
induces a dipole in the material and this becomes therefore a bipolar electrode). 
The proposed project involves not only experimental work but also computer simulation 
studies. The simulations will allow a deep understanding of the processes involved in these 
fundamental interactions between cells and conducting materials. 
The experimental host group has decades experience in electrochemical processes and 
physicochemical studies, including deposition and intercalation of cations and anions. It has 
applied this knowledge to the synthesis of new phases and the modulation of properties, as 
well as to the electrostimulation of neural growth with the final aim of inducing tissue 
repair.  
The theoretical group has extensive experience in the development of novel simulation 
approaches for the study of the interaction between biomolecules, ions and materials. Our 
aim is always to develop simulation and theoretical tools useful to understand real-world 
experiments, in collaboration with experimental groups, searching for fundamental 
concepts with wide implications.  
Overall we offer a friendly and stimulating environment for new ideas , and with scientific 
and technical support, rooted on clear objectives that may help form the predoctoral 
student 
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Include all the relevant information about the position, role, responsibilities and skills required within the 
project/group 
 
The predoctoral job involves a large motivation and willingness to explore a new subject, as 
well as to share ideas and support team work. In that path is a big opportunity to develop 
scientifically in the development of initiative, and tenacious work.  
The requirement of simultaneous experimental and theoretical work in a multidisciplinary 
problem like this (involving electrochemistry, cell biophysics, materials sciences) is both a 
challenge but also an opportunity to develop a broad spectrum of skills.  
 
In the experimental side, the student will be exposed to classical and state of the art 
techniques applied to electrode materials and nanomaterials. Those techniques go from the 
use of electrochemical equipment to the design of electrochemical cells, electron 
microscopy and diffraction, and characterization techniques involving XPS, EDX, Xray 
absorption and diffraction, and theoretical calculations. Microelectronics processes will also 
be involved. Collaboration with other national and international centers (Aberdeen, 
Madrid) will allow assays of in vitro electrostimulation with optimized electrodes. 
Implication of the National Center of Microelectronics will allow devices in microscale and 
specific electrochemical cells. Large facilities like electron microscopes, XPS, are available, 
as well as ALBA synchrotron possible experiments.  
 
In the theoretical side, the student will make use of advanced simulation techniques at 
supercomputing facilities (such as Barcelona Supercomputing Center BSC and others). The 
simulations may be in the full range from atomistic scale models to coarse-grain models. 
The theoretical work involves design of models and execution of relevant simulations 
appropriate for the systems being studied experimentally as well as development of 
appropriate new theoretical concepts if needed.  
 
 
 
GROUP LEADER: 
 
Title: Dr, Prof.  
Full name: Jordi Faraudo, Nieves Casañ Pastor 
Email: jfaraudo@icmab.es, nieves@icmab.es  
Research project / Research Group website 
 
 
RELATED LINKS TO THE POSITION (optional) 
URL: https://departments.icmab.es/ssc/electrochemistry-and-electroactive-materials/ 
Tittle link: Electrochemistry and Electroactive Materials 
 
https://www.youtube.com/channel/UCkrTDh1VQw06o0dzPcF2NgA 
Tittle link: Softmatter ICMAB-CSIC YouTube channel 
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