“Exploring 2D Materials for Energy Transition and Sustainable Catalysis through XPS”

Two-dimensional (2D) materials, such as graphene and its derivatives, have emerged as key
candidates for enabling the energy transition and supporting the principles of the circular
economy. Their high surface-to-volume ratio, tunable chemistry, and exceptional electronic
properties make them ideal for catalytic applications. A fundamental step towards exploiting
their full potential lies in understanding their surface composition, stability, and interactions
with reactants. In this context, X-ray Photoelectron Spectroscopy (XPS) represents a powerful
tool to probe the chemical and electronic states of 2D systems.

This presentation will discuss case studies where XPS has provided essential insights into the
performance of graphene-based materials and related 2D systems in energy-related
applications, such as the oxygen reduction reaction (ORR). Particular emphasis will be placed
on how advanced surface analysis techniques enable the identification of active sites, the
monitoring of surface modifications during reactions, and the understanding of underlying
mechanisms. Finally, future perspectives will be outlined regarding the application of Near
Ambient Pressure (NAP) XPS to investigate 2D materials under realistic operating conditions,
paving the way for the rational design of more efficient and sustainable solutions for energy
conversion.



