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From computational screening to the synthesis of a promising OER catalyst
B>
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The search for new materials can be laborious and expensive. Given the challenges that mankind faces today
concerning the climate change crisis, the need to accelerate materials discovery for applications like
water-splitting could be very relevant for a renewable economy. In this work, we introduce a computational
framework to predict the activity of oxygen evolution reaction (OER) catalysts, in order to accelerate the
discovery of materials that can facilitate water splitting. We use this framework to screen 6155 ternary-phase
spinel oxides and have isolated 33 candidates which are predicted to have potentially high OER activity. We have
also trained a machine learning model to predict the binding energies of the *O, *OH and *OOH intermediates
calculated within this workflow to gain a deeper understanding of the relationship between electronic structure
descriptors and OER activity. We have synthesized all 33 compounds in an autonomous way and characterized
them using linear sweep voltammetry to gauge their performance in OER. From these three catalyst materials, we
have identified a new material, C02.5Ga0.504, that is competitive with benchmark OER catalysts in the literature
with a low overpotential of 220mV at 10mAcm-2and a Tafel slope at 56.0 mV dec-1. Given the vast size of
chemical space as well as the success of this technique to date, we believe that further application of this
computational framework based on the high-throughput virtual screening of materials can lead to the discovery of
additional novel, high-performing OER catalysts.
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Liu, L.; Yang, C. Advanced Materials, 2024, 36, 2307925
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Materials, 2022, 32, 2204166
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Energy & Environmental Science, 2021,14, 1594-1601

4. Tip-Enhanced Electric Field: A New Mechanism Promoting Mass Transfer In Oxygen Evolution Reactions.
Liu, P.; Chen, B.; Liang, C.; Yao, W.; Cui, Y.; Hu, S.; Zou, P.; Zhang, H.; Fan, H., Yang, C. Advanced Materials
2021, 33, 2007377
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K.; Hu, S.; Kang, F,; Fan, H.; Yang, C. Energy & Environmental Science, 2020, 13, 86-95
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Palladium-Decorated PrBaFe205+6: A Promising Anode Material for Anode Material for
Hydrocarbon-Fueled Solid Oxide Fuel Cells
Junyu Cai,Shuo Zhai*
Shenzhen University

Solid oxide fuel cells (SOFCs) offer efficient, low-emission power generation and can operate directly on
hydrocarbon fuels. Traditional nickel-based anodes necessitate high steam-to-carbon ratios to prevent coking,
complicating system design and reducing performance. This study investigates nickel-free anode materials based
on PrBaFe205+5 (PBF), doped with palladium (Pd) to enhance oxidation properties for hydrogen and ethane
fuels. PBF anodes with varying Pd contents (0 %, 5 %, and 10 %) were synthesized and evaluated for their
electrochemical performance and stability under low-humidified conditions. Results show that Pd-doped PBF
anodes exhibit superior electroactivity and chemical stability compared to pristine PBF. Notably, the PBF with 5%
Pd doping, PrBaFel.9Pd0.105+6 achieved the best performance, attributed to improved oxidation properties and
structural stability. These findings suggest that Pd doping significantly enhances the oxidation properties and
stability of PBF anodes, presenting a promising pathway for developing high-performance, nickel-free SOFC
anodes that simplify system design and improve efficiency when operating with hydrocarbon fuels, thus holding
significant potential for practical SOFC applications.

A08-18
Enhancing layered perovskite ferrites with ultra-high-density nanoparticles via cobalt doping for ceramic
fuel cell anode
Rubao Zhao,Shuo Zhai*
Shenzhen University

Nanoparticles anchored on the perovskite surface have gained considerable attention for their wide-ranging
applications in heterogeneous catalysis and energy conversion due to their robust and integrated structural
configuration. Herein, we employ controlled Co doping to effectively enhance the nanoparticle exsolution process
in layered perovskite ferrites materials. CoFe alloy nanoparticles with ultra-high-density are exsolved on the
(PrBa)g.o5(Fe0.8C0q.1Nbg 1),0s.5 (PBFCNy 1) surface under reducing atmosphere, providing significant amounts of
reaction sites and good durability for hydrocarbon catalysis. Under a reducing atmosphere, cobalt facilitates the
reduction of iron cations within PBFCNg 1, leading to the formation of CoFe alloy nanoparticles. This formation is
accompanied by a cation exchange process, wherein, with the increase in temperature, partial cobalt ions are
substituted by iron. Meanwhile, Co doping significantly enhance the electrical conductivity due to the stronger
covalency of the Co-O bond compared with Fe-O bond. A single cell with the configuration of
PBFCNg 1-SmpCepg019 (SDC) | SDC | BagsSrosCoggFes 035 (BSCF)-SDC achieves an extremely low
polarization resistance of 0.0163 Q cm? and a high peak power density of 740 mW cm 2 at 800 <C. The cell also
shows stable operation for 120 h in H, with a constant current density of 285 mA cm 2. Furthermore, employing
wet C,Hs as fuel, the cell demonstrates remarkable performance, achieving peak power densities of 455 mW cm
at 800 T and 320 mW cm? at 750 <, marking improvements of 36% and 70% over the cell with
(PrBa)o.gs(Feo.oNbg 1)20s:5 (PBFN)-SDC at these respective temperatures. This discovery emphasizes how
temperature influences alloy nanoparticles exsolution within doped layered perovskite ferrites materials, paving
the way for the development of high-performance ceramic fuel cell anodes.
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entropy-driven role of oxygen vacancies for water oxidation. Adv. Funct. Mater. 2024, 2314820.

[2] Y. Liu, C. Ye, S. Zhao, Y. Wu, C. Liu, J. Huang, L. Xue, J. Sun, W. Zhang, X. Wang, P. Xiong", J. Zhu", A
dual-site doping strategy for developing efficient perovskite oxide electrocatalysts towards oxygen evolution
reaction. Nano Energy 2022, 99, 107344.

[3] Y. Liu, H. Huang, L. Xue, J. Sun, X. Wang, P. Xiong", J. Zhu", Recent advances in the heteroatom doping
of perovskite oxides for efficient electrocatalytic reactions. Nanoscale 2021, 13, 19840.
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Electro-chemo-mechanical degradation of NCM cathode materials: from polycrystal to single crystal
Hui Yang*
Huazhong University of Science and Technology

Ni-rich transition metal layered oxides (NCMs) have been identified as the promising lithium-ion batteries
(LIBs) cathode materials for their high reversible capacity. However, during electrochemical cycling, NCMs
always suffer from fast structural degradation, leading to the inevitable performance fading of LIBs, which
severely restricts their large-scale practical applications. Understanding the underlying mechanism of structural
degradation is critical for the successful design of NCM structures with significantly enhanced cycling stability.
Herein, an electro-chemo-mechanical model is developed to investigate the lithiation/delithiation cycling
behaviors of both polycrystalline and single crystalline NCM cathode materials, including phase transformation,
morphological change, stress generation, and damage evolution, based on which the underlying failure mechanism
is uncovered. The new insight gained by this study is further adopted to guide the construction of NCMs from the
aspect of surface modification to structural design, effectively promoting their cycling performance.
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Proton-exchange membrane fuel cells (PEMFCs) represent an attractive and sustainable power generation
technology in automotive applications [1-3]. It could play an important role in utilizing hydrogen energy due to
its high energy conversion efficiency, lower emissions, and quieter operation. The Pt alloy nanocatalysts are
commonly used in cathode side to facilitate the sluggish oxygen reduction reaction (ORR) while reducing the cost
of Pt metal. There have been intensive amount of theoretical, experimental and computational studies were
performed on Pt alloy nanocatalysts [4-11]. However, the synthesis of high-performance Pt alloy nanocatalysts is
not provided a practical and justifiable path for guidance yet, since identifying the active sites of alloy
nanocatalysts remains a major challenge. This limitation is mainly due to an incomplete understanding of the
three-dimensional (3D) atomic and chemical arrangement of different constituents and structural reconstructions
driven by catalytic reactions [12-15]. Here we introduce a pipeline, based on atomic electron tomography (AET),
to determine the electro-catalytic activity of each individual atomic site on the surface of Pt alloy nanocatalysts
[16]. Taking PtNi and Mo-PtNi alloy nanocatalysts as examples, we achieved three-dimensional atomic structures
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and chemical species of 17 nanoparticles by AET, which combines the aberration corrected high-angle annular
dark field (HAADF) projection series and state-of-art reconstruction algorithm. We reveal the facet, surface
concaveness, structural and chemical order/disorder, coordination number, and bond length with unprecedented
3D atomic detail. During the activation process, the Pt alloy nanocatalysts leak more Ni atoms and both the
surface concaveness and disorderness become larger, which is consistent with the larger-scale experiment
observation. Besides, we also find that Mo-PtNi nanoparticles have more disordered structure and chemical
arrangements and can preserve more Ni atoms during activation process than the PtNi nanoparticles. Then the
experimental 3D atomic coordinates are used by first-principles trained machine learning to identify the activity of
each surface site on the nanocatalysts. The overall activities for different nanoparticles are consistent with the
electrochemical measurements. By performing this pipeline, we can analyse the structure-activity relationship of
heterogeneous nanocatalysts in single atomic level. For the case of PtNi and Mo-PtNi nanocataysts, we formulate
an equation named the local environment descriptor (LED) to effectively balance the strain and ligand effects and
gain quantitative insights into the ORR active sites atomically. The equation is proved universal for both Pt and Pt
alloy nanocatalysts. We expect this method could transform our fundamental understanding of the catalytic active
sites on a wide range of different heterogeneous nanocatalysts and provide a guidance for the rational design of
optimal nanocatalysts.
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Development of an Autonomous Blade Coating Device with in situ Characterization for Perovskite Solar
Cells
Pengxiao Bao,Songyuan GENG,Shuyan Chen,Tongyi ZHANG*
HKUST(GZ)

The efficiency of perovskite solar cells (PSCs) is determined not only by the perovskite layer (PVK) itself
but also heavily relies on the quality of the hole transport layer (HTL) and electron transport layer (ETL). The
qualities of HTL and PVK films are directly tied to the reliability of blade coating processes. However, current
manual or semi-automated coating systems cannot consistently reproduce uniform HTL and perovskite layers due
to variability in coating speed and human intervention, since different recipes will have different key processing
parameters. And when exploring new recipes, the selection and quantification of processing parameters often rely
on human intuition. As a result, high-efficiency PSCs are often produced by chance rather than through a
consistent, reproducible process. To address this, we propose developing an autonomous blade coating device
equipped with in situ photoluminescence (PL) detection for the perovskite layer and in situ ellipsometry and
UV-Vis spectroscopy for the HTL and PVK layer and industrial camera for other operating parameters quantifying.
This setup will provide real-time film quality feedback to automatically adjust coating parameters, ensuring high
reproducibility and precision. By integrating artificial intelligence (Al) using reinforcement learning, the system
will autonomously test a wide range of recipes to identify optimal parameters for producing high-efficiency PSCs.
Feedback loops will refine the parameters, resulting in consistent film quality and providing a scalable production
process, aligning with the objectives of our Al lab of materials. This approach will significantly improve the
reproducibility of coating processes and enhance overall solar cell efficiency, making it an invaluable tool for the
scientific community and industry alike.
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Lithium Nitrate Modulated Deep Eutectic Electrolyte for Lithium-O2 Batteries
Jiaxian Wang,Deping Li,Lijie Ci*
Harbin Institute of Technology, Shenzhen

In recent years, deep eutectic electrolyte (DES) has been widely studied and applied in lithium metal
batteries (LMBs) due to its high electrochemical and thermal stability, however, it has been less studied in lithium
oxygen batteries (LOBs). We have found that the non-flammable and non-volatile characteristics of DES due to
their unique inter-ionic interactions precisely satisfies the safety requirements of LOBs (a semi-open system) . In

38



HEM R K2 2024 55 it S RER £ A08. ST REUE AT EH IR &
this study, we take the N-methylacetamide (NMAC) -based DES as a research object, and by doping different
contents of LiINO; additives, we have found that NO3™ can play the role of a competitive solvent in the DES, and
the electrolyte containing 2 wt.% LiNO; can better inhibits the corrosion of the lithium metal by the active
hydrogen ions in the NMAC. At the same time, the N element in the LiNO3 optimises the SEI (Solid Electrolyte
Interface) components. In addition, we also found that the addition of different contents of LiNO; changed the size
of the discharge products that were more easily decomposed during charging, and improved the decomposition
efficiency. NMA-2.0 (NMA with 2 wt.% LiNO3) has superior rate performance and longer cycling performance
(779 cycles, 500 mA g, 500 mAh g™). This study provides a good opportunity to gain insight into the application
and structural design of DES in Li-O, batteries.
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