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Our research team is excited to share significant progress in developing cost-
effective catalysts for hydrogen production based on metallic nanoalloys. Focused on
metallic nanosheets with a palladium (Pd) structure, we conducted high-precision
calculations for around 70 compounds, exploring two surface terminations and 11
dopants at three concentrations. Palladium is renowned for its efficiency in catalysing
hydrogen production from formic acid, but its high cost necessitates innovative
solutions to make it more affordable. Our simulations aimed to identify chemical

trends that enhance catalytic activity through various doping modifications.

These extensive simulations were carried out using high-performance computing
facilities at the Barcelona Supercomputer Centre (Spain) and RIKEN, employing the
open-access software package SIESTA. Our team dedicated considerable effort to
optimising numerical settings and rigorously verifying the accuracy of the
pseudopotentials, setting the stage for more efficient calculations in the future.

Preliminary findings from these simulations have already informed experimental
work on Pd/Ag and pure Pd thin films at Istinye University (Turkey), highlighting the
practical impact of our theoretical studies. This integration of theory and experiment
is crucial for advancing the development of economically viable catalysts for
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hydrogen production.

Furthermore, we are enhancing our research capabilities with new equipment at the
Shibaura Institute of Technology, ensuring we maintain cutting-edge facilities. The
installation of an advanced glove box will support the fabrication of nanosheet
metallic and ceramic heterostructures, furthering our work on this project.

Our collaborative efforts have also yielded promising results with Pt-based
nanoflakes on porous carbon nitride and Pd nanoparticles on functionalised silicate
surfaces. These findings have led to one journal publication and two conference
proceedings, with additional manuscripts under review:

1. E. Doustkhah, A. Kotb, T. Balkan, M. H. N. Assadi “Metal-Support Interaction
in Pt nanodisk—Carbon Nitride Catalyst: Insight from Theory and Experiment”
(2024) Nanomaterials 14(11), 921; https://doi.org/10.3390/nan014110921

2. S S Kabir, M H N Assadi “Detrimental 2p-3d Hybridisation in Ni Nanosheets
Supported on Strontium Dioxide for Catalytic H, Production, Necessitating
Thickness Optimisation” Energy Proceedings 44 (2024).
https://doi.org/10.46855/energy-proceedings-11059

3. M H N Assadi “Critical Dimensionality Effects in Europium Nanosheets
Supported on Titanium Dioxide for Catalytic Hydrogen Production” Energy
Proceedings, Accepted, (2024).

Looking ahead, we are thrilled to announce the “3™ International Nanotech-Eurasia
Conference” to be hosted by Istinye University in Turkey (Sept 5-7, 2024) and a
symposium on “Innovations in Energy Materials” at the TMS Annual Meeting in Las
Vegas (March 23-27, 2025). These events will provide platforms to share our latest
discoveries and foster further advancements in this vital field.

The Spanish team at the Barcelona Supercomputer Center helped with the complex
computer calculations. They provided the software, set it up efficiently, and wrote
programs to analyse large amounts of data generated by hundreds of density
functional calculations automatically. The Turkish at Istinye University (Istanbul)
team designed the experimental set-up based on the current theoretical results.
Subsequently, they synthesised nanoparticles with platinum and palladium using the
atomic layer deposition technique. These samples have shown good catalytic activity
and were then sent to Japan for further analysis at RIKEN and the Shibaura Institute
of Technology.
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