Al-driven Electronic Response and structural design of nanoporous carbon
electrodes for high-performance Supercapacitors (AERIS)

SCIENTIFIC CONTEXT

Nanoporous carbons are among the most promising materials for high-power, durable supercapacitors. Their
performance originates from processes taking place deep inside a maze of pores, where ions interact with a
deformable, electronically heterogeneous carbon network. Yet, despite major experimental progress, a realistic
description of these interfaces remains elusive: one must simultaneously capture structural disorder, electronic
polarization, and mechanical flexibility, each of which plays a decisive role in charging mechanisms.

In recent years, our group has developed three advances that now make such a description attainable. First, we
(A. Grisafi, M. Salanne) introduced a new machine-learning framework capable of learning the electronic charge
density as directly computed from DFT, enabling large-scale simulations with near—first-principles accuracy. This
method provides access to the local polarization response of complex carbon environments, an essential
ingredient for predictive constant-potential modelling.

Second, we (A.M. Saitta, M. Salanne) demonstrated, for
the first time, that machine-learning interatomic
potentials can be used to incorporate electrode flexibility
into electrochemical simulations (Waysenson et al, ACS
Nano 2025). This revealed that deformation modes
intrinsic to disordered carbons significantly enhance
charging kinetics and redistribute polarization in ways
impossible to capture with rigid models.

Third, we have begun generating Al-designed structurally
disordered carbons, such as the example included in the
proposal. These structures reproduce realistic pore
networks, curvature, and local defects, providing an
excellent basis for modelling realistic electrodes beyond idealized slit pores or templated carbons.

The convergence of these three ingredients, i.e. electronic realism, mechanical flexibility, and structural
complexity, creates a unique opportunity for a doctoral project that builds a new generation of simulation tools
for energy-storage materials.

SCIENTIFIC OBJECTIVES

The proposed PhD aims to combine our electron-density machine-learning framework, our flexible-electrode
MLIP methodology, and our Al-generated carbon structures into a single predictive platform for modelling
realistic supercapacitors. Three objectives structure the work.

Objective 1 — Modelling the electronic response of disordered nanoporous carbons

The student will extend our electron-density learning approach to complex sp?/sp® frameworks, enabling
accurate prediction of local charge redistribution and polarization under applied potential. This will provide the
electronic foundation required for realistic constant-potential molecular dynamics.

Objective 2 — Integrating electronic response with electrode flexibility

Building directly on our ACS Nano 2025 work, the student will combine the learned electronic model with ML
interatomic potentials to simulate flexible electrodes at full atomic resolution. This will allow the study of pore
breathing, local mechanical relaxation, deformation-induced screening, and their cumulative impact on charging
dynamics.



Objective 3 — Using Al-generated structures to explore and design realistic electrodes

The Al-generated carbons already produced by our group offer a rich space of pore architectures and disorder
levels. The student will explore how these structural motifs affect capacitance and ion transport, ultimately
developing a strategy for Al-assisted electrode design, where structural and electronic realism are combined to
identify optimal architectures.

The final ambition is to obtain a fully integrated modelling tool capable of guiding the design of next-generation
porous carbons for supercapacitors.

INTEREST FOR THE STRATEGIC PARTNERSHIP SU-NTU

This PhD project fits naturally within the strategic partnership between Sorbonne Université and Nanyang
Technological University (NTU, Singapore), which is explicitly designed to promote long-term, high-impact
collaborations through joint research and doctoral training. Sorbonne Université considers this partnership as a
structuring international link, supported by a joint PhD (cotutelle) programme meant to train a new generation
of researchers in a binational environment.

Concretely, the SU-NTU joint PhD framework provides exactly the right setting for this thesis: dual supervision
(one advisor at SU and one advisor at NTU), a substantial period of residency at the partner university (typically
12 months), and a doctoral trajectory built around shared scientific priorities and bilateral exchanges. This makes
the project not only scientifically strong, but also institutionally well anchored, with clear added value in terms
of training, benchmarking, and international visibility.

More broadly, the project fits perfectly with Sorbonne Université’s doctoral policy programmes, which aim to
recruit PhD candidates in connection with the priorities of the Sorbonne Université Alliance and its strategic
partnerships—precisely the logic of the SU-NTU collaboration.

Techniques/methods in use: Ab initio/Density Functional Theory, Machine learning of the electronic density,
molecular dynamics

Applicant skills: solid formation in quantum and statistical physics, familiarity with python and computer skills
in general

Industrial partnership: None

SU PhD supervisor: A. Marco SAITTA (LPENS), marco.saitta@sorbonne-universite.fr, 06.66.04.14.16

Other SU collaboration: Andrea GRISAFI (PHENIX), andrea.grisafi@sorbonne-universite.fr

NTU PhD supervisor: Shuzhou LI (Materials Science), NTU Singapore, lisz@ntu.edu.sg

Other Singapore collaboration: Mathieu SALANNE (CNRS@CREATE), mathieu.salanne@cnrsatcreate.sg
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