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➔ To tailor the materials of LIB’s;

➔ Modifying their state-of-art ancestors;

➔ To induce self-healing functionalities;

➔ To achieve innovative  and reliable Li-ion batteries;

● higher performance;

● extended lifetime;

●  safety.

Project website: https://battery2030.eu/battery2030/projects/bat4ever/ 3
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2. Objectives:

➔ To model the different components of Li-ion batteries and the interfaces:

● electrolyte solution: lithium ions and ionic liquids;

● self-healing polymer;

● electrolyte solution - polymer interface;

● polymer - electrode interface ;



3. Methodology:

Lithium
So

lid
 s

ur
fa

ce

Self-healing 
polymer

Ionic liquid

First principles 

calculations

Classical Molecular 

Dynamics

Molecular Modeling techniques

6



Pyrrolidinium-based ionic liquids; (1,N-alkyl-pyrrolidinium, N=2 … 6)

4. Results
4.1 Classical Molecular Dynamics: Electrolyte solution: ionic liquid + lithium:



Salvador et al., Batteries 2023, 9, 234.

4. Results
4.1 Classical Molecular Dynamics:



Maji et al., Materials Today Chemistry 29 (2023) 101474

4. Results
4.2. DFT Silicon surface + polymers:



4. Results
4.3 Classical Molecular Dynamics: electrolyte solution + polymer
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- formation of regions with more B@Pani 
and more PVA;

- g(r) shows PVA-PVA close to each other 
then the other pairs.
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4. Results
4.3 Classical Molecular Dynamics: electrolyte solution + polymer



400 Li + 400 TSFI + 20 B@Pani + 20 PVA

4. Results
4.3 Classical Molecular Dynamics: electrolyte solution + polymer



5. Summary and Perspectives

➔ The combination of different molecular modeling tools allows us to understand the role 

of the components of Li-ion batteries and other complex systems;

➔ Classical MD calculations were used to systematically study electrolyte solutions 

composed by the combinations of different anions with cations of various chain sizes. 

We also considered different amounts of lithium;

➔ First principles calculations were used to locally understand the interactions between the 

polymers and the electrode surface;

➔ Classical MD calculations were also used to model the polymer and to study the polymer 

- electrolyte interfaces.

Next step: to build a model that includes the electrode, the electrolyte solution and the 

polymer.
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