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Breathing Zinc–Air Batteries: Clean, Powerful, and Sustainable 
Energy Solutions
The development of advanced bifunctional catalysts is essential for attaining high-performance cathodes in rechargeable 
zinc-air batteries.

Fig. 1:	 A schematic configuration of zinc–air batteries and oxygen bifunctional electrocatalysts. 

XAS analysis conducted at TPS 32A revealed that LNMT 
promotes a stable electronic environment, mitigates drastic 
structural changes, and supports a more robust charge 
compensation mechanism. These findings highlight the 
importance of fine-tuning local electronic and atomic 
structures in designing high-capacity, high-voltage SIB 
cathodes. Together, these studies offer key insights into the 
effects of local structure on the electrochemical behavior 
of layered oxide cathodes, thereby paving the way for 
new developments in energy-storage solutions that offer 
enhanced capacity and cycle life.

In conclusion, while developing high-capacity and long-
cycle-life SIBs remains challenging, addressing one of the 
major limitations of the current sodium ion transport 
technology in the cathodes highlights the potential of 
layered structures. Investigating the impact of these layered 
metal oxide cathodes with complex element compounds 
could potentially enhance the conductivity, stability, and 
overall performance. Applying in situ synchrotron X-ray 
techniques is essential for monitoring SIB behavior during 
operation. These methods provide valuable insights 
into changes that occur during charge–discharge cycles, 
enabling researchers to customize materials for improved 
performance. By combining the strengths of these 
configurations and leveraging advanced synchrotron X-ray 
techniques, the research lays the groundwork for more 

efficient, durable, and economically viable SIBs. (Reported 
by Chi-Liang Chen) 

This report features the work of Han-Yi Chen and her 
collaborators published in ACS Sustain. Chem. Eng. 12, 
12795 (2024), and the work of Ji Liang and his collaborators 
published in ACS Nano 18, 18622 (2024). 

TPS 32A Tender X-ray Absorption Spectroscopy
TPS 44A Quick-scanning X-ray Absorption Spectroscopy
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Zinc–air batteries (ZABs), a type of metal–air battery, generate electricity by combining zinc (Zn) with oxygen (O₂) from 
the air. At their core, these batteries consist of a Zn anode, a porous air cathode, and an electrolyte, which is often a strong 

alkaline solution. During discharge, zinc oxidizes at the anode, releasing electrons that travel through an external circuit to 
the cathode. Simultaneously, oxygen molecules from the air reduce at the cathode, combining with water and electrons to 
form hydroxide ions. These ions react with Zn ions in the electrolyte to form zincates (Fig. 1). This process releases energy 
that powers devices. ZABs are appealing for energy-intensive applications such as electric vehicles, grid energy storage, and 
portable devices. With a theoretical energy density potentially exceeding 1,000 Wh/kg, ZABs surpass lithium ion batteries. 
However, challenges in rechargeability and stability have historically hindered their commercial viability. Key limitations of 
ZABs include the rechargeability of the zinc anode and the sluggish oxygen reduction reaction (ORR) and oxygen evolution 
reaction (OER) kinetics at the cathode. Repeated charge–discharge cycles can lead to zinc dendrite formation, causing short 
circuits. In addition, reactions between zinc and the alkaline electrolyte can produce by-products that degrade performance. 
To address these issues, recent research has focused on improving the electrolyte, cathode catalysts, and zinc anode structure. 
Promising developments include the use of solid-state electrolytes to minimize side reactions and innovative anode designs 
to prevent dendrite formation. Particularly, enhancing cathode catalysts to improve ORR and OER efficiency is a critical 
area of research for bifunctional electrocatalysts. Synchrotron X-ray absorption spectroscopy (XAS), which includes 
X-ray absorption near edge structure (XANES) and extended X-ray absorption fine structure (EXAFS) analyses, provides 
the valuable insights. XAS examines the oxidation state, electronic properties, atomic coordination, and bond lengths of 

Fig. 2:	 EXAFS k²-weighted R-space results for (a) Fe K-edge and (b) Co K-edge, including fitted curves (black dashed lines). (c,d) k²-weighted WT 
images for the Fe and Co K-edges. (e,f) XAS spectra, with insets highlighting pre-edge peaks and (g,h) absorption edges. [Reproduced from Ref. 1]
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catalyst atoms. This detailed understanding is essential for the rational design of more efficient catalysts by elucidating the 
relationships between the structure and properties, as it reveals the atomic structure and electronic properties. This analysis 
also sheds light on how these factors influence catalytic performance through a comprehensive analysis of the underlying 
mechanisms. Some ZABs have achieved impressive cycling stability and reaction efficiency this year, outperforming 
traditional and commercial Pt/C + IrO2 catalysts. Therefore, if these innovations continue, ZABs could emerge as mainstream 
alternatives to lithium ion batteries in the near future. 

Shih-Yuan Lu (National Tsing Hua University) investigated a binary Fe and Co single-atom catalyst (SAC) named f-Fe₁Co₁/
CNT. This catalyst, which is synthesized via a formamide-assisted solvothermal approach and analyzed using XAS at TLS 
17C1, anchors Fe and Co single atoms on nitrogen-doped carbon layers supported by carbon nanotubes (CNTs). This design 
achieves high atom loading and prevents aggregation, significantly enhancing ORR and OER efficiency in alkaline media. The 
f-Fe1Co1/CNT catalyst demonstrates superior ORR and OER activities and achieves the remarkable discharge peak power 
density and stability when paired with a carbon-paper-composited nickel foam (NF/CP) air cathode. XAS analysis, including 
EXAFS and wavelet-transform (WT) analysis, confirmed the changes in coordination environments and revealed synergistic 
activity from Fe and Co atoms, with Fe-N4 sites identified as the primary active centers. These findings highlight the potential 
of SACs to achieve high catalytic activity, selectivity, and stability.

Furthermore, this year, noteworthy research conducted by Yuan-Yao Li (National Chung Cheng University) introduced 
a sophisticated bifunctional catalyst that integrates nickel–iron-layered double hydroxide (NiFe LDH), iron–cobalt dual 
single atoms (FeSACoSA), and iron–cobalt nanoalloy (FeCoAlloy) within a framework of nitrogen-doped carbon (NC) and 
CNTs. This combination maximizes the ORR and OER activities by leveraging the synergistic properties of its components, 
notably, the high density of ORR active sites provided by the FeCo alloy and FeSACoSA and the enhanced durability and OER 
efficiency contributed by NiFe LDH. The low ORR–OER potential gap of the catalyst and its implementation in a conductive, 
porous cathode structure deliver the outstanding performance in liquid-state and flexible ZABs. Such ZABs achieve 
impressive power densities, specific capacities, and cycling stability surpassing commercial benchmarks. Figure 3 presents the 
results of XAS analysis conducted at TLS 17C1. The Co and Fe K-edge results revealed the presence of metal–metal bonds, 
confirming both metal-N coordination and the existence of an FeCo alloy within the material. Furthermore, the Ni K-edge 
spectra exhibited Ni–O and Ni–Ni bonds from NiFe LDH, confirming the successful coating of NiFe LDH on the material. 
These findings highlight the importance of both single-atom dispersion and synergistic interactions between the different 
active sites in achieving high catalytic efficiency in these binary SACs.

The development of ZABs highlights the potential of advanced catalyst–cathode configurations. Utilizing synchrotron XAS 
to analyze catalytic mechanisms can drive further advancements. With continuous improvements in bifunctional catalysts, 

Fig. 3:	 XAS spectra of NiFe LDH A-FeSACoSA-FeCo Alloy CNT/NC. XANES spectra for (a) Fe K-edge, (b) Co K-edge, and (c) Ni K-edge. Fourier 
transform EXAFS spectra for (d) Fe K-edge, (e) Co K-edge, and (f) Ni K-edge. [Reproduced from Ref. 2] 
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ZABs may soon emerge as a viable solution for large-scale energy storage and transportation. Combining high energy density, 
eco-friendly materials, and reduced costs, ZABs hold promise as a cornerstone of sustainable energy solutions. (Reported by 
Chi-Liang Chen)

This report features the work of Shih-Yuan Lu and his collaborators published in Energy Storage Mater. 67, 103286 (2024), and 
the work of Yuan-Yao Li and his collaborators published in Nano Energy 121, 109236 (2024). 
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Novel ZnIn2S4 Combines Piezopotential and Dipole Field for 
Hydrogen Technique
This study offers an in-depth examination of vacancy engineering in ZIS nanosheets, utilizing piezopotential and dipole 
fields to optimize photocatalytic performance. 

Visible-light-driven photocatalysts often suffer from 
significant charge recombination due to their 

limited carrier diffusion lengths, which constrain their 
practical applications. A common strategy for mitigating 
this challenge is the development of heterostructure 
photocatalysts with built-in junction fields to promote 
charge separation. Alternatively, leveraging the dipole 
field within the internal bulk phase of photocatalysts has 
demonstrated considerable effectiveness in enhancing 
charge separation and transport. This dipole field arises 
naturally in photocatalysts with non-centrosymmetric 
crystal structures and can be introduced through the 
structural modifications. Piezoelectric polarization, a 
macroscopic built-in potential, is generated in piezoelectric 
crystals with non-centrosymmetric structures in response 
to applied mechanical stress. Piezo-photocatalysis 
synergistically integrates the piezoelectric effect 
with the light-harvesting capabilities of piezoelectric 
semiconductors, facilitating the separation and movement 
of photogenerated charge carriers through the macroscopic 
built-in potential field.

Jih-Jen Wu (National Cheng Kung University) and his 
coworkers recently investigated the influence of In- and 
S-vacancy concentrations on the photocatalytic activity 
of zinc indium sulfide (ZIS) nanosheets for hydrogen 
evolution reactions (HERs). Using X-ray absorption 
spectroscopy (XAS) measurements, including X-ray 

absorption near edge structure (XANES) and extended 
X-ray absorption fine structure (EXAFS), conducted at TPS 
32A and TPS 44A,1 they gained deeper insights into the 
structural transformations of defective ZIS after hydrazine 
treatment. For clarity, the unmodified ZIS powder, as well 
as the modified ZIS powders that had been subjected to 
hydrazine treatment for 1 hour and 5 hours, are designated 
as ZIS-0, ZIS-1, and ZIS-5, respectively. Figure 1(a) 
presents the XANES spectra of the ZIS samples at the S 
K-edge, revealing a notable increase in sulfur vacancies 
and unoccupied states at sulfur sites following hydrazine 
treatment. Figures 1(b) and 1(c) illustrate the XANES 
and EXAFS spectra at the Zn K-edge for ZIS-0 and ZIS-5. 
The reduced coordination number and elevated electron 
density observed at Zn sites in ZIS-5 compared to ZIS-0 are 
attributed to the higher concentration of sulfur vacancies 
in ZIS-5. Similarly, Figs. 1(d) and 1(e) display the XANES 
and EXAFS spectra at the In K-edge for ZIS-0 and ZIS-5.  
Because of the contrasting trends in electron density 
changes driven by sulfur and indium vacancies, it was 
determined that sulfur vacancies have a more pronounced 
effect on the electron density at the indium sites in ZIS-5 
than do indium vacancies, resulting in increased electron 
density at these sites compared to ZIS-0. Additionally, 
ZIS-5 exhibits a slightly diminished sulfur coordination 
environment relative to ZIS-0, which is attributed to a 
higher sulfur vacancy concentration post-treatment. The 
atomic arrangement of sulfur and indium vacancies within 


