From Nano to Impact: Desighing Materials Across Scales

Nanoscience sits at the hinge between disciplines and between worlds: too small for
continuum assumptions to hold, yet too large to behave like a single molecule. At this “in-
between” scale, interfaces, fluctuations, and structure dictate how matter moves charge, heat,
and mass, ultimately shaping what devices can do. The central challenge is “translation":
turning nanoscale behavior into reliable, scalable performance at the macro level. This talk
takes that perspective, asking how we can connect what we learn over nanometers and
nanoseconds to technologies that must operate over centimeters and years, and how such
cross-scale thinking can guide materials choices with real-world impact.

Here, l willfocus on key challenges in materials for energy harvesting and scavenging, extending
to bio-inspired/biohybrid systems, through a set of concrete case studies:

For energy harvesting, a major frontier is the design of advanced solar-cell materials. | will
discuss strategies to nanoengineer the size and crystal facets of metal-halide perovskite
nanoparticles to improve both power-conversion efficiency and operational stability.

For energy scavenging, the recovery of dissipated energy, triboelectric nanogenerators (TENGs)
offer an innovative route. These nanoscale devices convert mechanical excitation into
electricity via contact electrification. | will address materials and device architectures aimed
at pushing mechanical-to-electrical conversion efficiencies toward 210%, a threshold that
would enable broader, real-world deployment.

A complementary direction is bio-photoelectrochemical (bio-PEC) conversion, in which “living
catalysts” and light cooperate to produce fuels and chemicals. | will highlight direct CO,-to-
CH, conversion by methanogenic archaea, where photoelectrons generated at a photocathode
are transferred to the microbes, which catalyze the reduction of CO, to CH,, bypassing
molecular hydrogen as an intermediate.

The space of examples is vast and they can neither treated all in a talk, not the complete
discussion of all the possible examples will be high informative. Thus, in this talk | will:

- I will use the representative case studies illustrated above to expose prototypical challenges
across experiments, simulations, and device engineering;

- Propose a taxonomy of challenges, spanning materials design, interfacial charge transfer,
multiscale coupling, durability, and scalability/techno-economics;

- Discuss how novel Al tools, e.g., explainable Al (XAl), can bridge accurate prediction with
physical interpretability, accelerating insight and design iteration.

I will warmly invite the audience to help refine this taxonomy during the round-table discussion
at the end of the session.



