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Abstract	
	

In	 this	 talk,	 we	 will	 discuss	 our	 work	 on	 Solid	 State	 Li-ion	 batteries	 with	 garnet-based	
electrolytes.	First,	we	will	discuss	the	broad	mechanisms	that	underpin	 lithium	filamentary	growth	in	
solid-state	Li-ion	batteries	followed	by	some	of	our	early	work	on	refractory	metal	interlayers.	We	will	
then	discuss	 the	 role	 of	 impurities	 in	 solid	 state	 electrolytes	 in	dictating	 critical	 densities	 for	 lithium	
filamentary	growth;	the	impedance	modeling	approach	for	accurate	determination	of	impurities	and	the	
correlation	with	critical	current	densities.	Time	permitting,	we	will	touch	upon	expected	charge	transfer	
resistances	 at	 'clean'	 solid-solid	 electrode/electrolyte	 interfaces	 and	 its	 implication	 for	 solid	 state	
batteries.	
Keywords	(max	5):	Interlayers,	solid	electrolytes,	garnets,	charge	transfer,	DRT	analysis	
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Abstract 

 

All-solid-state batteries (ASSBs) are one of the next-generation batteries towards carbon neutral 

societies. While sulfide-based ASSBs are on the stage for their practical application, oxide-based ones are 

still under the feasibility studies, mainly because of their interfacial issues: interphases and/or contact 

areas that would limit the energy and the power of the ASSBs. These issues are more severe for the full-

inorganic ASSBs without any organic electrolytes, although they would would extend the application 

fields of the next-generation batteries: high voltage batteries and batteries for severer environment 

(vacuum, high temperature, etc.). In this study, materials and processes of NASICON-type solid 

electrolytes are developed to prepare the electrochemically active interfaces between the solid 

electrolytes and the active materials.  

  For the NASICON-based ASSBs, a precursor of 

Li1.5Al0.5Ge1.5(PO4)3 (LAGP) was prepared by a solution 

method using oxalic acid as a chelate, which was sintered 

and crystallized at 600°C. LAGP obtained by sintering the 

precursor at 600°C exhibited rather high total conductivity 

of 2 × 10−5 S/cm. The hot press fascilitated the ionic 

conductivity to 1 × 10−4 S/cm that is comparable with LAGP 

prepared by solid state sintering at 800°C or a higher 

temperature. A 3 V-class ASSBs without any organic 

components was fabricated with TiO2 anode and LiCoPO4 

cathode, which exhibited an initial discharge capacity of 66 

mAh/g (0.17 mAh/cm2) at 25°C. The performance could be 

further improved by optimizing materials, processes, and architectures, some of which will be shown and 

discussed in the talk.  

 

Keywords: Solid-state batteries, NASICON, LAGP 

 

Figure 1. Charge/discharge curves 
of a full-inorganic ASSB in the TiO2 | 
LAGP | LiCoPO4 system. The battery 
was operated at 25°C, 0.01 C. 

2.6 mg/cm2 
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Abstract 

 

Stable cathode materials for lithium-ion batteries are essential to meet increasing performance 

demands. Single-crystal cathodes have attracted significant attention, as they effectively enhance stability 

by eliminating intergranular cracks. However, single-crystal cathodes still suffer from degradation 

mechanisms distinct from those in polycrystalline counterparts, leading to limited cycle stability. 

Therefore, it is crucial to investigate the degradation behavior of single-crystal cathodes. 

 

In this study, we examined the degradation of single-crystal cathodes with a focus on their 

surface and interfacial chemistry. The surface properties of single-crystal cathodes are critical not only 

for maintaining surface stability but also for preserving bulk structural integrity. 

 

This presentation will discuss the impact of surface chemistry on the electrochemical 

performance of single-crystal Ni-rich layered oxide cathodes. Surface modifications with both amorphous 

and crystalline phases were employed, which revealed distinct phase transition behaviors while both 

approaches improved cycling stability. Furthermore, the formation of cathode–electrolyte interphase (CEI) 

layers significantly influenced degradation behavior. These findings provide insights into the importance 

of surface stabilization in achieving superior cycle life for single-crystal cathodes. 

 

Keywords (max 5): Single-Crystal Cathodes, Surface chemistry, Cathode-electrolyte Interface, Single 

crystal degradation, Long-cycle performance 
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Abstract 

 

Safety hazard issue is a weakness of state-of-the-art Li-ion batteries (LIB), and LIB-powered EV, aviation 

and ESS. Advancement of liquid electrolyte is urgently needed, aiming at the attainment of battery safety 

without the loss of energy density and cycle life. Replacement of highly flammable LIB electrolyte with a 

nonflammable liquid electrolyte is a critical step to reduce or prevent the risk of thermal runaway (TR) 

and fire events. The solid electrolyte interphase (SEI; interface) stabilization technology on graphite-

based anode is a must for dendrite-free safe LIBs. I will present that well-designed nonflammable liquid 

electrolyte enables TR suppression and long-cycled high energy LIBs.(1)  

 

Keywords (max 5): Battery safety, Thermal runaway, Nonflammable liquid electtrolyte, Solid electrolyte 

interphase 
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Abstract	
	

Zinc-ion	batteries	(ZIBs)	are	promising	energy	storage	systems	due	to	their	safety,	cost-effectiveness,	and	
abundant	 resources.	 However,	 their	 practical	 application	 is	 hindered	 by	 the	 lack	 of	 stable,	 high-
performance	 cathode	 materials.	 Vanadium-based	 compounds	 offer	 potential	 due	 to	 their	 structural	
versatility	and	multivalent	redox	chemistry,	yet	they	suffer	from	sluggish	ion	kinetics	and	poor	electronic	
conductivity.	Here,	we	present	a	novel	thermo-electrochemical	activation	strategy	that	transforms	V₂O₅	
into	 defect-rich	 ZnV₃O₈,	 significantly	 enhancing	 electrochemical	 performance.	 The	 activated	 cathode	
delivers	an	exceptional	specific	capacity	of	302	mAh/g	at	0.1	A/g	(up	from	73	mAh/g)	and	demonstrates	
ultralong	cycling	stability	over	4500	cycles	at	2	A/g.	Electrochemical	analysis	reveals	accelerated	Zn²⁺	
diffusion,	while	 first-principles	calculations	emphasize	 the	stabilizing	effect	of	hydrogen	 intercalation.	
The	 activation	 process	 triggers	 a	 thermodynamically	 favorable	 phase	 transition	 to	 ZnV₃O₈,	 enabling	
improved	ion	storage,	lower	activation	energy,	and	enhanced	structural	integrity.	Ex-situ	studies	provide	
insights	 into	 the	 material’s	 evolution	 during	 cycling.	 This	 work	 highlights	 thermo-electrochemical	
activation	as	a	simple	yet	effective	method	for	optimizing	vanadium	oxide	cathodes,	paving	the	way	for	
high-performance	ZIBs	with	superior	energy	density	and	cycling	durability..	 	 	

	
Keywords:	 Rechargeable	 Zinc-Ion	 Batteries,	 Vanadium	 Cathodes,	 Thermo-Electrochemical	 Activation	
Engineering,	DFT,	Sustainable	Energy	Storage	Technologies	
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Abstract	
Zinc–air	 batteries	 (ZABs)	 are	 regarded	 as	 potential	 alternatives	 for	 storing	 energy	 cause	 by	 their	
considerable	theoretical	energy	density,	economical,	and	security.	Nonetheless,	their	practical	application	
remains	restricted	by	a	large	charge–discharge	potential	gap	and	low	round-trip	efficiency,	primarily	due	
to	the	sluggish	kinetics	and	high	overpotentials	of	conventional	four-electron	oxygen	reduction	reactions	
(4e⁻	ORR).	To	address	 these	challenges,	we	successfully	proposed	 the	value-added	reaction-assisted	ZABs	
(VAR-ZABs)	with	hydrogen	peroxide	formation	via	the	2e⁻	pathway	of	ORR.	The	electrochemical	two-electron	
oxygen	 reduction	 reaction	 (2e⁻	 ORR)	 offers	 a	 sustainable	 and	 energy-efficient	 alternative	 to	 the	
conventional	 anthraquinone	 process	 for	 H2O2	 production.	 We	 proposed	 several	 kinds	 of	 functional	
quantum	dots	to	boost	the	efficiency	and	selectivity.	For	example,	we	report	the	rational	design	of	oxygen-
rich	CNQDs	decorated	on	graphene	frameworks	(CNQDs/Gr),	enabling	the	precise	tailoring	of	active	sites	
to	promote	the	2e⁻	ORR	pathway.	The	rich	C–O–C	moieties	within	CNQDs	effectively	address	the	oxygen-
deficient	sites	in	Gr,	serving	as	key	active	sites	for	selective	2e⁻	ORR	for	H2O2	generation.	Furthermore,	
the	interaction	between	the	C	atoms	in	Gr	and	neighboring	N	atoms	in	CNQDs	facilitates	π–π	stacking,	
which	stabilizes	the	*OOH	intermediate	and	thereby	promotes	selective	H2O2	formation.	These	synergistic	
effects	result	in	the	CNQDs/Gr	with	outstanding	H2O2	selectivity	of	96.5%	at	0.6	V	vs..	RHE	in	0.1	M	KOH.	
Furthermore,	 the	 CNQDs/Gr	 demonstrates	 outstanding	 performance	 in	 a	 VAR-ZAB,	 achieving	 an	
impressive	capacity	of	768.58	mAh	g-1	with	a	high	H2O2	production	rate	of	136	mmol	g-1	h-1.	 	
	
Keywords:	Zinc–air	batteries,	two-electron	oxygen	reduction	reactions,	H2O2,	graphene	quantum	dots	
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Abstract 

 

Successful integration of renewable energy into the mainstream energy utilization requires the 

development of efficient and cheaper energy storage devices. While, lithium-ion batteries are effective for 

the same, they face critical limitations such as restricted resource availability, environmental concerns, 

and safety risks. To address the growing energy demands, it is crucial to develop high-performance, eco-

friendly beyond lithium energy storage systems, especially metal-air batteries. In this talk, we will discuss 

the strategic development of three major components of flexible zinc air battery(ZAB): cathode, anode 

and membrane. Our research groups have developed many transition metal oxides-based cathode 

materials for flexible ZAB with the properties of good bi-functionality as oxygen electrode. The major 

constraints that limit the performance of zinc air batteries are the sluggish kinetics of oxygen evolution 

reaction (OER) and oxygen reduction reaction (ORR). Different strategies like doping, hetero-junction 

formation etc have been adopted to improve the performances of these reactions. We have also 

successfully developed few gel-electrolyte based membrane and evaluated their performance. Our 

experimental observations led to this conclusion that, the development of a flexible solid electrolyte 

focuses on achieving an optimal balance between high ionic conductivity and robust mechanical 

strength—both critical for practical and durable energy storage.  

Keywords: metal-air battery, membrane, oxygen electrode, oxides, thiospinel 
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Abstract 

 

Rechargeable zinc-ion batteries (ZIBs) have emerged as a promising alternative for energy 

storage, primarily owing to the abundance, low cost, and environmental friendliness of zinc-based 

materials. However, several critical challenges must be overcome to realize their full potential. These 

include dendrite formation, which can lead to short circuits and compromise battery safety; 

thermodynamic limitations of aqueous electrolytes, which restrict the operational voltage window to 

approximately 1.23 V due to water decomposition; and the lack of an ideal host material capable of 

facilitating the reversible insertion and extraction of Zn²⁺ ions with high capacity and long cycle life.   

The talk will highlight recent research efforts aimed at improving the performance of zinc-ion 

batteries. One promising strategy involves the use of glycol-based electrolytes containing both Zn²⁺ and 

K⁺ ions, paired with a Prussian blue analogue (PBA) cathode. In such systems, potassium ions (K⁺) 

preferentially intercalate into the cathode framework during initial cycles, which facilitates more 

reversible zinc plating and stripping at the anode. Additionally, K⁺ ions contribute to enhancing the 

physicochemical properties of the electrolyte, improving ion transport kinetics. This dual-ion approach 

leads to better charge/discharge stability and overall enhancement in battery efficiency. This work 

underscores the critical role of electrolyte composition and ion management strategies in addressing 

fundamental limitations of zinc-based batteries. By tailoring the electrolyte environment and leveraging 

synergistic ion interactions, it becomes possible to enhance electrochemical performance , ultimately 

paving the way for more durable, efficient, and potentially higher-voltage zinc-ion energy storage systems.  

 

Keywords: ZIBs, Glycol, Dual ion, Prussian blue Analogues 
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Abstract 

 

Sodium-based battery technologies, particularly sodium-ion and sodium metal systems, are 

rapidly advancing toward broader commercial relevance. Major manufacturers are planning mass 

production lines, signaling accelerating adoption in electric vehicles and stationary storage applications. 

Despite these gains, fundamental challenges such as sluggish ion transport at low temperatures, 

unstable electrode-electrolyte interfaces and uncontrolled sodium metal deposition, have constrained 

performance and limited deployment in demanding environments. This talk discusses our recent 

breakthroughs that can widen the practical scope of sodium-based batteries by directly addressing these 

bottlenecks through electrolyte and interface engineering. Together, these studies reveal how electrolyte 

chemistry, solvation structure and engineered interlayers synergistically control SEI formation and 

sodium metal nucleation dynamics. The talk concludes by outlining a unified interface-centric design 

strategy for next-generation sodium batteries, bridging fundamental interfacial chemistry with practical 

requirements such as low-temperature operability, higher specific energy and safety. 

 

Keyword: Sodium batteries, metal anode, anode-less, interfacial layers, electrolyte engineering  
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Abstract 

Sodium-ion batteries (SIBs) have emerged as strong contenders in the race for next-generation 

energy storage, offering strategic advantages in terms of resource abundance, cost -effectiveness, and 

environmental sustainability. This talk will present recent advancements in the development of high-

performance electrode materials, with a particular emphasis on novel cathode chemistries , including 

layered transition metal oxides and polyanionic compounds as well as engineered hard carbon anodes 

tailored for reversible sodium-ion storage.1 Strategies for improving sodium-ion intercalation kinetics, 

structural stability, and cycle life through material and interface design will be discussed in detail.  In 

addition, the talk will highlight the evolving landscape of electrolyte systems and their role in stabilizing 

electrode interfaces and enhancing ion transport. Emphasis will be placed on translating material 

innovations into practical full-cell configurations, addressing key challenges such as energy density 

limitations, degradation mechanisms, and scale-up potential. Finally, future directions for enabling 

commercially viable SIB technologies will be outlined, focusing on integrative approaches that connect 

fundamental materials research with system-level performance and manufacturability. 

 

Keywords: Sodium-ion batteries, Cathodes, Anodes, Electrolytes, Battery manufacturing. 
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Abstract 

 

Li-ion battteries have become as the prominent energy storage solution for portable electronics 

and electric vechicles market. However, their expansion to large-scale storage raises concerns over the 

cost, availability and geopolitical accessibility of lithium and cobalt sources. In response to these concerns, 

a wide range of alternative battery chemistries have been explored over the past decade. The present Na-

ion batteries utilize a wide range of cathodes including layered oxides, Prussian blue analogues and 

polyanionc compounds. Among them, vanadium-based NASICON cathodes are interesting due to their 

higher voltage insertion, structural, chemical and cycling stabilities and superior Na-ion diffusivity. 

However their storage capacities are limited to 100 mAh g-1. To overcome this issue, multi-electron 

reactions (e.g., Na4VMn(PO4)3, Na3VCr(PO4)3, etc.). Similarly, Nb-based NASICON anodes were also 

developed to deliver reversible capacities as high as 180 mAh g-1 with extrondiary cycling stability and 

rate performances. In this talk, we will discuss how chemical tuning approaches impact structural and 

electrochemcial properties of NASICON frameworks.  

 

Keywords: Sodium-ion batteries; NASICON; electrodes  
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Abstract 

 

Recent environmental concerns have driven the major research focus towards efficient and 

economically viable strategies for clean energy harvesting, storage and conservation. Batteries represent 

a unique device system of critical interest for the modern electrically driven world and attempts are now 

being made to move towards all solid-state battery (ASSB) for safety and efficiency, as they replace 

flammable liquid electrolytes with solid electrolytes and Li metal anode, having much higher capacity 

compared to conventional graphite anode.  

Halide Solid Electrolytes (HSEs) have gained significant attention for the development of ASSB 

due to their high oxidation stability and favorable mechanical properties. The HSEs studied in recent 

decades are typically contain expensive metals such as Y, In, Sc, Er, Ho, and Hf (excluding Zr), which 

presents challenges for commercial viability 1,2. As an alternative, spinel-based HSEs incorporate more 

affordable elements like Mn and Mg. However, in many spinels, the lithium occupancy is either fully 

saturated or exhibits limited disorder at elevated temperatures, resulting in lower ionic conductivity and 

a higher activation barrier 3,4. To address these issues, we introduced aliovalent substitution of  Al3+, Fe3+, 
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Zr4⁺ into Li₂Mn(Mg)Cl₄, which results in a dramatic enhancement in ionic conductivity, reaching 

conductivity up to ~2 mScm-1 at room temperature (RT). Refinement of the structure using neutron and 

synchrotron diffraction, followed by, pair distribution function (PDF) analysis and machine-learning 

based large-scale molecular dynamics, we infer that, aliovalent substitution creates new octahedral and 

tetrahedral Li sites in the structure along with Li vacancy, enabling facile Li transport via interstitial and 

vacancy hoping mechanism. The optimized composition shows high oxidative stability and compatibility 

with high-voltage cathode, and an ASSB assembled with this SE as catholyte delivers an initial discharge 

capacity of 155 mAhg-1 at 4.3V. 

 

Keywords: Superionic conductor, Halospinel, Solid State Battery, Diffusion, NMC cathode 

 

References 

(1) Wang, Q., Zhou, Y., Wang, X., Guo, H., Gong, S., Yao, Z., Wu, F., Wang, J., Ganapathy, S., Bai, X. and Li, B., 2024. 

Designing lithium halide solid electrolytes. Nature Communications, 15(1), p.1050. 

(2) Tao, B., Zhong, D., Li, H., Wang, G., & Chang, H. (2023). Halide solid-state electrolytes for all-solid-state 

batteries: structural design, synthesis, environmental stability, interface optimization and 

challenges. Chemical Science, 14(33), 8693-8722. 

(3) Rom, C. L., Yox, P., Cardoza, A. M., Smaha, R. W., Phan, M. Q., Martin, T. R., & Maughan, A. E. (2024). Expanding 

the Phase Space for Halide-Based Solid Electrolytes: Li–Mg–Zr–Cl Spinels. Chemistry of Materials, 36(15), 

7283-7291. 

(4) Yu, Y., Huang, Y., Xu, Z., Wu, Z., Wang, Z., & Shao, G. (2024). A High-Voltage Solid State Electrolyte Based on 

Spinel-Like Chloride Made of Low-Cost and Abundant Resources. Advanced Functional Materials, 34(24), 

2315512. 

                                                                                                                               

 

 



ACEPS-13, January 11-14, 2026, Bengaluru, India 
 

   

 

Computational insights for designing frameworks of intercalation devices 

for energy storage systems 
 

Swapan K Pati,*, Mayank Sharma, M. Mazumder  

Theoretical Sciences Unit 

School of Advanced Materials (SAMat) 

Jawaharlal Nehru Centre for Advanced Scientific Research (JNCASR) 

Jakkur Campus, Bangalore 560064, India 

E-mail: pati@jncasr.ac.in and swapan.jnc@gmail.com 

 

Abstract 

 

  After a brief introduction to the working principles of Li and Na ion battery, I shall discuss at 

length the computational modelling approach. I shall discuss then the high Na content 

fluorophosphate skeleton, Na5M(PO4)2F2, with M being V and Cr as cathode material. We have 

computed the voltages for both the transition metal ions and these are 4.77 V and 4.56 V for Cr 

and V systems, respectively, which are distinctly high among previously reported voltages 

obtained in Sodium Ion Batteries. We have also probed the trajectories for Na ion migration and 

identified a minimum energy route, which leads to high ionic conductivity through low hopping 

barriers [1]. I shall then discuss our theoretical attempt on finding a stable, efficient, and superior 

5V-solid electrolyte and present a work on the modeling of oxygen deficient perovskite material, 

Na3MnV2O7.5 as cathode material for battery application [2, 3].  
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Abstract 

Since its inception Lithium-ion Battery (LIB) technology achieved tremendous 
commercial success relying upon liquid or polymer electrolytes, but in expense of reduced 
energy density, power density and safety. The reason despite of its high theoretical capacity of 
3860 mAhg-1, Li metal was never been used as an anode,1therefore, focus is now shifted to 
develop solid inorganic electrolytes which offer opportunity to use Li metal as high capacity 
anode. Varieties of Li-ion conducting inorganic oxides were explored having ionic conductivity 
in the range of 10-2-10-3 S/cm. Nevertheless, a workable All Solid-State Lithium Metal Batteries 
(ASSLMBs) is still far from its practical realization. The critical bottleneck arises at the solid 
electrolytes-electrode interfaces which become detrimental for its cycling performance and 
safety. Therefore, an effective cell configuration is required using solid electrolytes to achieve 
high performance SSLMBs.  

In this present contribution, we aimed to develop engineered Ga-LLZO 
(Li6.25La3Ga0.25Zr2O12) solid inorganic electrolyte scaffold infused with solvated ionic liquid (SIL).  
The SIL thus infused in solid Ga-LLZO matrix was used as a liquid therapeutic agent which 
resulted in enhanced Li-ion transport properties and superior Li-metal compatibility.2 

Furthermore, the solid electrolyte was microstructurally engineered to develop interconnected 
Ga-LLZO to achieve high Li-ion mobility across the grains. Exhaustive characterizations were 
performed and compared with conventionally prepared Ga-LLZO to check its superiority. The 
developed configuration proved to be advantageous in terms of cell performance, high-rate 
capability (0.1-3.0 mA/cm2), long term cyclability (>500 Cycles) and high coulombic efficiency 
(>98%) while in operation in SSLMBs.  In a similar approach, Thus, the compiled data suggested 
that engineered solid electrolyte infused with SIL could be an innovative approach for 
developing practical lithium metal batteries. 

Keywords: Solid State Electrolyte, Lithium Metal Batteries, LLZO electrolyte, engineered 
microstructure, Interfacial Impedance 
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Polymer Membranes for the use in Fuel Cell  
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Abstract 

 

The demand of alternate source of energy with environmental-friendly fuels has increased 

dramatically in recent years amid global warming, climate change and various geo-political crisis. Among 

various new energy technologies, hydrogen-based energy solution is getting maximum attention as this 

offers numerous advantages. In order to utilize hydrogen as alternative energy, the overall technology 

development process must be carried out in an integrated manner in three verticals namely production, 

storage and use of hydrogen gas. Various kinds of materials are needed for the development of above 

three verticals. Interestingly, polymer-based materials especially polymer ion exchange membrane is a 

common thread among these various stages of hydrogen technology development. Ion exchange 

membrane (IEM) is the heart of the water electrolyzer to produce green hydrogen by water hydrolysis 

and similarly IEM is the main component in a fuel cell for the generation of electrical energy from the 

hydrogen gas. Therefore, research and development efforts for the search of efficient IEM has been given 

a priority in recent times.  

 Past 15 years, in our group, we are pursuing the efforts of developing 

polybenzimidazole (PBI) based IEM by adopting various approaches. Over the years, we have made 

significant contributions in this area, recently, we have focused our attention towards a  new class of 

pyridine bridged PBI materials/membranes and also developed PBI based IEM for the use in microbial 

fuel cell to generate green energy from the waste. In my talk, I will discuss on these aspects with few 

representative examples from our recent results.  

  

Keywords: Fuel Cell, Polymer Membrane, Polybenzimidazole,  
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Electricity from Acid Base Reaction  
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Abstract 

 

Proton exchange membrane fuel cells are promising zero-emission technologies, but challenges 

with hydrogen storage, safety, and transport hinder widespread adoption. Using alcohols as liquid 

hydrogen carriers offers a solution, but current reforming methods require high temperatures (>200°C) 

and pressures (>25 bar), producing hydrogen with excess carbonization unsuitable for fuel cells. We 

introduce a method that harnesses neutralization energy to generate hydrogen and electricity under 

ambient conditions. This approach enables spontaneous hydrogen production, simultaneous desalination 

of saline water, and fuel purification. The electrochemical neutralization process operates efficiently 

without high temperatures or pressures and holds potential for organic synthesis, waste heat recovery, 

and hydrocarbon reforming, enhancing energy storage and contributing to climate change mitigation  (1-

5). 

Keywords: Fuel cells, Energy of neutralization, Alcohol reformation, Fuel purification, Desalination  
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Abstract 

  In Japan, extremely high cell performance is required in PEFCs applied to FCEVs after 2030 as depicted 

in Figure 1 (1).  One strategy to achieve the high cell performance is to use mesoporous carbon (MPC) 

supports for the Pt and Pt-based catalysts.  We selected 

CNovel® MH-18 (pristine CNovel® was bead-milled to 800 

nm) as the MPC support, and Pt/MPC (800 nm) catalyst 

with a Pt loading of 50 wt.% was synthesized via 

impregnation/thermal reduction method.  Cross-

sectional TEM observation of the catalyst revealed that Pt 

NPs (2.5 nm in size) were uniformly dispersed in the MPC 

support, and half-cell measurements showed that ECSA 

and MA of the catalyst were 96 m2/g and 741 A/g@0.9 V vs. RHE, respectively.  3D-TEM analysis of the 

MPC support demonstrated that well-interconnected mesopores (2-6 nm) and macropores (> 50 nm) 

coexist in the MPC support, and thus the MPC support has a high oxygen diffusivity and the Pt/MPC 

catalyst exhibited a higher cell performance than the Pt catalyst supported on a conventional porous 

carbon support of Ketjen Black EC-600JD (KB-600JD) under 80°C 75% RH standard conditions (2).  

However, the cell performance was significantly declined under a high humidity condition of 80°C 95% 

RH as shown in Figure 2.  It was supposed that ionomer agglomerates formed between the large MPC 

supports (800 nm) swelled in the high humidity conditions, 

blocking the gas flow paths and increasing the diffusion 

overpotential, which caused the cell voltage drop.  To 

mitigate the formation of the ionomer agglomerates, Pt-

unsupported KB-600JD (50 wt.% of the MPC support) was 

added in the cathode catalyst layer, which suppressed the 

increase in the diffusion overpotential and increased the 

cell voltage under the high humidity condition as shown in 

Figure 2.  The addition of the Pt-unsupported KB-600JD is simple and low-cost method to improve the 

cell performance of the Pt/MPC (800 nm) under the high humidity conditions. 

References 

(1) https://www.nedo.go.jp/content/800020391.pdf 

(2) H. Daimon et al., J. Electrochem. Soc., 2025, 172, 34503. 

Invited Lecture-17

mailto:*jt-ksi08@mail.doshisha.ac.jp


ACEPS-13, January 11-14, 2026, Bengaluru, India 
 

   

 

 
Molecularly Engineered Ion Exchange Membranes for Fuel Cells 

 

Farsa Ram1,*, Rikta Das1 

1 Interdisciplinary Centre for Energy Research, Indian Institute of Science, Bengaluru - 560012, India 

* ramf@iisc.ac.in 

 

Abstract 

 

Clean energy generation using electrochemical power sources is becoming more common and 

affordable due to the focus of various countries around the globe on the hydrogen economy. Fuel cells 

such as proton exchange membrane fuel cell (PEMFC) that can convert chemical energy into electricity 

are promising clean energy sources, which are used for both stationary and transport applications [1], 

[2]. One of the bottleneck components in the fuel cell is the membrane, which is known as the heart of the 

fuel cell that selectively transports the ionic species across the electrodes. Currently, perfluorosulfonated 

acid membranes like Nafion® are costly and suffer from several issues, such as thermo-mechanical and 

chemical stability, reduced proton conductivity at elevated temperature and low humidity, etc. One 

strategy to solve these issues is to add suitable filler to tailor the membrane property as required (3). 

Contrary to common methods of tailoring one kind of membrane property at a time, we addressed several 

PEM issues simultaneously using a molecularly engineered biopolymer filler (4). Another strategy is to 

move beyond PEM to the anion exchange membranes (AEM), where AEM FCs can be operated at ~1/3 

the cost of the PEMFCs with the use of non-noble metal catalysts, and relatively cheaper AEMs. Here, we 

are trying to create molecularly engineered membranes for high hydroxide ion conductivity with high 

mechanical properties that could lead to the durable AEM FC operation.   

 

Keywords: Fuel Cells, Hydrogen Economy, Proton Exchange, Anion Exchange, Membranes 
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Abstract 

 

Sodium-ion battery (SIB) is a rapidly developing electrochemically rechargeable storage device and 

a direct substitute for Li-ion batteries. Therefore, identifying novel materials for sodium-ion storage 

applications is important. Efficient electrodes are particularly desirable for enhancing storage 

performance in battery applications. In this study, we fabricated a novel Fe3V3O8 (FVO) anode material 

for Na/Li-ion storage using hydrothermal technology for the first time. The electrochemical results 

indicated that the initial sodiation capacity of the FVO anode is as high as 805 mA h g-1 at 100 mA g-1, and 

a reversible sodiation capacity of 540 mA h g-1 is maintained over 200 cycles at 500 mA g-1, which is more 

than 1.8 times the commercial hard carbon of ~300 mA h g-1(1). In addition, the oxidation states of the 

chemical compound and the corresponding sodium reaction mechanism are predicted using X-ray 

absorption spectroscopy (XAS), X-ray photoelectron spectroscopy (XPS), and in-situ/ex-situ X-ray 

diffraction (XRD) analysis. Overall, the FVO material exhibited significantly higher electrochemical 

performance, demonstrating promising suitability for sodium-ion storage.  

 

Keywords: Anode, Sodium ion batteries, Tranision metal oxides 
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Abstract 

 

Lithium-ion batteries (LIB) have proven to be promising energy storage for transport and 

stationary applications. Significant advancements have occurred in LIB production over the last few 

decades. However, the limited availability of certain elements, including Li, Ni, and Co, combined with 

geopolitical factors, critically hampers their widespread growth. Similar to LIBs, alternative cell 

chemistries utilizing other alkali or alkaline earth metal ions have gained high attention. Among these, 

sodium-ion battery (SIB) presents a promising alternative for LIB, as both exhibit similar electrochemical 

behaviors. Considering cathodes, significant progress has already been made in enhancing capacity. 

Anode materials are also being equally investigated for SIBs. However, finding an anode with a suitable 

Na+ storage voltage (0.0–2.0 V vs Na/Na+), large reversible capacity, high structural stability, and minimal 

volume change poses a significant challenge. Here, the development of a self-healable GaSb alloy featuring 

a confined Sn (core-shell) structure is reported for stable Na+ storage. The core-shell architecture of 

GaSb@Sn has been validated through HAADF-STEM paired with EELS analysis. The GaSb@Sn/C electrode 

has delivered specific capacity of 560 mAh gelectrode-1 at 50 mA g-1 with 89% retention capacity after 1200 

cycles. The GaSb@Sn/C electrode stores Na+ by forming Na-Sn, Na-Sb-O, and Na-Ga-O intermetallic 

compounds, as confirmed by operando XRD studies. Operando electrochemical dilatometry studies reveal 

that the self-healable electrode expands by 33% at the electrode level during Na+ insertion, significantly 

lower than the theoretically predicted expansion of Sn, which is 420%. The weaker interaction between 

diglyme and GaSb@Sn could be responsible for the thinner SEI formation on the edges of GaSb@Sn, 

thereby resulting in the high initial coulombic efficiency (GaSb@Sn- 81%, Bulk Sn-62%) and stable cycle 

life.  

 

Keywords : Batteries, liquid alloys, operando charecterizations, self-healing, sodium storage 
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Abstract	
	

Anode-free	lithium-metal	batteries	(AFLMBs)	offer	high	energy	density	but	suffer	from	unstable	
SEI	 formation	 and	 lithium	 dendrite	 growth,	 particularly	 when	 using	 conventional	 carbonate-based	
electrolytes.	 To	 address	 these	 challenges,	 we	 developed	 a	 dual-salt	 localized	 high-concentration	
electrolyte	 (LHCE)	comprising	LiPF₆	and	LiTFSI	 in	EC/EMC	with	 fluorinated	co-solvents	and	multiple	
additives.	 This	 formulation	 tailors	 solvent	 coordination,	 reduces	 side	 reactions,	 and	 stabilizes	 the	
electrode	interface.	Ab	initio	molecular	dynamics	(AIMD)	simulations	and	DFT	calculations	reveal	that	
aggregate	formation	in	LHCE	minimizes	free	solvent	content,	while	TTE	modulates	viscosity	and	solvation	
structures.	FEC	 is	 introduced	to	replace	excess	TTE,	and	additives	 like	LiDFOB	and	LiNO₃	help	 form	a	
robust	SEI	and	mitigate	cathode	corrosion.	
	
Keywords	:	Dual	salt	electrolytes,	localized	high-concentration	electrolyte,	high-voltage	cathode;	Anode-
free;	diluent	
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Abstract 

 

Successful integration of renewable energy into the mainstream energy utilization requires the 

development of efficient and cheaper energy storage devices. While, lithium-ion batteries are effective for 

the same, they face critical limitations such as restricted resource availability, environmental concerns, 

and safety risks. To address the growing energy demands, it is crucial to develop high-performance, eco-

friendly beyond lithium energy storage systems, especially metal-air batteries. In this talk, we will discuss 

the strategic development of three major components of flexible zinc air battery(ZAB): cathode, anode 

and membrane. Our research groups have developed many transition metal oxides-based cathode 

materials for flexible ZAB with the properties of good bi-functionality as oxygen electrode. The major 

constraints that limit the performance of zinc air batteries are the sluggish kinetics of oxygen evolution 

reaction (OER) and oxygen reduction reaction (ORR). Different strategies like doping, hetero-junction 

formation etc have been adopted to improve the performances of these reactions. We have also 

successfully developed few gel-electrolyte based membrane and evaluated their performance. Our 

experimental observations led to this conclusion that, the development of a flexible solid electrolyte 

focuses on achieving an optimal balance between high ionic conductivity and robust mechanical 

strength—both critical for practical and durable energy storage.  

Keywords: metal-air battery, membrane, oxygen electrode, oxides, thiospinel 
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Abstract 

 

Solid Polymer Electrolytes (SPEs) have good manufacturability and can form good electrode-

electrolyte interfaces. However, they often suffer from low ionic conductivities (<10-5 S cm-1 ) in its solid 

state and poor electrochemical stabilities. In addition, polymer-in-salt systems typically have low Li+ 

transference numbers (<0.4) resulting in steep ion concentration gradients and lower cyclability. The low 

ionic conductivity in solid-polymer systems is due in part to crystallinity1- the polymer-in-salt forms 

either pure polymer or complex crystals which reduces cationic movement resulting in poor ionic 

conductivities and transference numbers. In this work, an amorphous dynamically crosslinked solid-

polymer (DSPE) electrolyte system synthesised in a one-pot process is presented. The DSPE exhibits a 

practical conductivity of 10-4 S cm-1 and a transference number of ~0.8 was measured in all solid-state, 

without any addition of any liquids or small molecules, which surpasses the performance of commercial 

SPEs. It also displays reformability upon mechanical damage. The DSPE has also been applied to a solid-

state Li|LiFePO4 cell, showing stable charge-discharge profiles over 200 cycles with an average Coulombic 

efficiency of 99.6 %.  

 

 

Keywords (max 5): All solid-state batteries, solid polymer electrolytes, polyethylene oxide, Li-metal  
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Abstract 

 

Sodium metal is a promising anode for next-generation batteries due to its natural abundance, low cost, 

and favorable electrochemical potential (−2.71 V vs. SHE); however, its practical implementation is 

hindered by dendritic growth and unstable interfacial layers (SEI and CEI) in conventional liquid 

electrolytes. These issues result in the formation of electronically isolated “dead sodium,” leading to 

capacity fading and poor cycling stability. We report a quasi-solid-state electrolyte (QSSE) comprising an 

ionic metal–organic framework (MOF) embedded in a PVDF-HFP matrix to address these limitations. The 

MOF introduces a highly porous structure and a cationic framework, which enhances sodium -ion 

accommodation and promotes effective ion dissociation via localized electric fields, thus enabling fast ion 

transport.[1,2] The resulting QSSE achieves a high ionic conductivity of 0.42 mS cm⁻¹ at room temperature, 

a low activation energy of 0.15 eV, and a sodium-ion transference number of 0.87. Long-term symmetric 

cell testing demonstrates stable sodium plating/stripping for over 1500 hours at 0.02 mA cm⁻² with 

minimal polarization growth. Moreover, the electrolyte exhibits a wide electrochemical stability window 

up to 4.8 V. When integrated into a full cell with Na₃V₂(PO₄)₃ (NVP) as the cathode (NVP|QSSE|Na), the 

system delivers 110 mAh g⁻¹ at 0.2 C, retains 65 mAh g⁻¹ at 5 C, and maintains 95% of its initial capacity 

over 500 cycles, achieving a high energy density of 350 Wh kg⁻¹, thereby underscoring the potential of 

MOF-based QSSEs for high-performance sodium metal batteries.  

 

Keywords: Metal organic framework, Cationic framework, solid state electrolyte, ionic conductivity, 

sodium metal battery. 
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Abstract 

By the virtue of abundancy and sustainability, organic materials are an emerging class of charge 

storage hosts for the development of low-cost multivalent metal-ion-based electrochemical energy 

storage devices in the era of post-lithium-ion batteries. However, poor electronic conductivity, 

dissolution and mechanical instability hamper the long-term cycling stability. MXenes are a large family 

of two-dimensional (2D) transition metal carbides, nitrides and carbonitrides, with rare combination of 

properties of metallic conductivity and hydrophilicity. Solution processability enables the formation of 

hybrids of organic materials via non-covalent interactions. Ti3C2Tx MXene- perylene diimide hybrid 

electrodes demonstrated reversible electrochemical storage of Mn2+, Zn2+, and Ca2+ ions with three-fold 

enhancement in charge storage capacities over pristine Ti3C2Tx. In situ Ultraviolet-Visible spectroscopy 

studies confirm the potential dependent reversible formation of radical anions and dianions of cPDI at -

0.3 and -0.6 V vs. Ag wire, respectively. Moreover, bridging of Ca2+ ions between two molecules of 

perylene diimide also causes the change of electron density at the titanium atoms, as observed from the 

shift in the transverse surface plasmonic peak of MXene. This research paves the way for developing 

MXene-organic hybrid electrodes towards development of high-capacity, high-rate multivalent metal-ion 

storage devices. 

 

Keywords: MXenes, Organic materials, pseudocapacitance, multivalent metals, in-situ spectroscopy 
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Abstract 

The Indian transport ministry has announced of going 30% electric mobility (Hybrid and Electric 

vehicles-HEV and EVs) by 2030s to be at par with the rest of the world. The heart of EVs is energy storage, i.e. 

Rechargeable lithium-ion batteries (LIBs). LIBs have dominated the market due to their high energy density 

(150-250 Wh kg-1), operating voltage (>3.7 V), and long cycle life (> 1000 cycles). Commercial cathodes in use 

are LiCoO2 (LCO), LiNi0.8Co0.15Al0.05O2 (NCA), LiNixMnyCo1-x-yO2 (NMC), and LiFePO4. Cobalt plays a leading role 

in commercialized LIBs because of its high voltage, structural stability, and good diffusivity of Li+ ions during 

the charge-discharge. However, experts doubt that the scarcity of cobalt will stop the growth of LIB 

manufacturing shortly. Besides, Ni-rich layered oxides, such as NCA, Li1.2Mn0.55Ni0.15Co0.1O2, and 

LiNi0.8Mn0.1Co0.1O2, are gaining popularity as cathode materials for EVs due to their enhanced capacity (~200 

mAh g-1) compare to LCO (~150 mAh g-1). Though the redox activity of nickel occurs at a higher potential vs. 

Li+/Li, resulting in high energy density, the issues of storage (formation of residual lithium compounds inhibits 

the performance), structural instability at high voltages, and thermal and cycle stability have limited their 

application. Additionally, no cobalt-based cathodes, such as LMFP (LiMn0.8Fe0.2PO4, 4.1 V) and LNMO 

(LiNi0.5Mn1.5PO4, 4.7 V), are proposed as ideal cathodes for next-generation LIBs and Solid-state Lithium 

batteries. Ni-Rich, Co-Less layered/spinel oxide-based, high voltage olivine cathodes could meet the demand for 

next-generation LIBs with a high energy density beyond >250 Wh kg-1.  Besides, dual carbon (ion) batteries 

find a space for the next generation of LIBs. Given these developments, alternative applications of graphite in 

energy storage systems is vital for maintaining its relevance and fostering circularity. A particularly promising 

avenue is its use as a cathode in dual-ion batteries (DIBs), where graphite can intercalate anions, resulting in 

high voltage, enhanced safety, and sustainability.  

The presentation will focus on the development of the current Li-based rechargeable batteries 

development in our laboratory and the prospects of LIBs.  

Keywords: Ni-rich NMC, LMFP, LNMO, Cathodes, Li-ion batteries 
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Abstract 

 

NASICON-structured Na4MnV(PO4)3 (NMVP) has attracted considerable interest due to its 

notable characteristics, including a high theoretical capacity of 110 mAh/g, good ionic conductivity, and 

structural stability. NMVP, achieved through suitable manganese (Mn) substitution for vanadium (V), not 

only exhibits reduced toxicity, but also minimizes the use of expensive V. However, NMVP suffers from low 

electronic conductivity, leading to unsatisfactory rate and cycle performance. In this work, we address a 

critical limitation by employing two key strategies: carbon coating and morphology control. NMVP/C-

Carbon dots (NMVP/C-CDs) was prepared via a scalable spray-drying method to control morphology, 

utilizing citric acid (C) and activated carbon derived from coconut shell chars (AC) as carbon sources. 

Notably, our process enables the in-situ formation of CDs from AC, significantly enhancing the material’s 

conductivity. Compared to NMVP/C, NMVP/C-CDs exhibited outstanding rate performance, especially at 

high C-rates. It also demonstrated excellent cycling stability, retaining more than 80% of its capacity at a 

1C rate over 1,000 cycles. CDs serve as a conductive carbon source, improving electron transport and 

strengthening the structural integrity of the carbon matrix. These findings highlight NMVP/C-CDs as a 

promising cathode material for sodium-ion batteries (SIBs), effectively addressing the challenge of poor 

electronic conductivity through the incorporation of CDs and providing a practical and scalable solution 

with strong potential for large-scale commercialization. 

 

Keywords: Sodium ion battery, Cathode Na4MnV(PO4)3, Carbon dots, Scalable Spray-Drying Synthesis 
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Abstract 

 

In this study, we present a novel method for controlling the growth of perovskite crystals in a 

vacuum thermal evaporation process by utilizing a vacuum-processable additive, propylene urea (PU). By 

co-evaporating perovskite precursors with PU to form the perovskite layer, PU, acting as a Lewis base 

additive, retards the direct reaction between the perovskite precursors. This facilitates larger domain size 

and reduced defect density. Following the removal of the residual additive, the perovskite layer, exhibiting 

improved crystallinity, demonstrates reduced charge recombination, as confirmed by time-resolved 

microwave conductivity analysis. Consequently, there is a notable enhancement in open-circuit voltage 

and power conversion efficiency, increasing from 1.05 V to 1.15 V and from 17.17% to 18.31%, 

respectively. The incorporation of a vacuum-processable and removable Lewis’s base additive into the 

fabrication of vacuum-processed perovskite solar cells offers new avenues for optimizing these devices.  

 

Keywords: Solar cells, Perovskite solar cells, vacuum processed perovskite solar cells 
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Abstract 

Photoelectrochemical (PEC) water splitting is a solar-driven approach to hydrogen generation from 

water.¹ Despite its considerable potential, the widespread application of PEC water splitting remains 

hindered by limitations such as low efficiency, which arises from charge carrier recombination, and 

sluggish reaction kinetics. The integration of cocatalyst decoration with complementary enhancement 

strategies has shown promise in overcoming these challenges, offering improved efficiency and stability.  

A promising class of next-generation photocatalysts, conjugated polymer nanostructures (CPNs) exhibit 

a distinctive capacity to hybridize with other nanomaterials to form heterostructures.2,3 Notably, 

femtosecond transient absorption spectroscopy has revealed that the incorporation of metal oxide and 

polymer nanostructures substantially enhances the separation and transfer of photoinduced charge 

carriers.3 For instance, embedding polypyrrole (PPy) nanofibers within Bi₂WO₆ has been shown to 

markedly increase conductivity and catalytic performance, while maintaining activity through multiple 

operational cycles. Furthermore, an indigenous prototype device incorporating a photocatalyst layer 

within tandem PEC cells has been developed, underscoring practical advancements in this field. A deeper 

understanding of the photoelectrochemical behavior of emerging carbon-based nanostructures, along 

with elucidation of their underlying mechanisms and associated challenges, holds significant potential 

for scaling up solar fuel production technologies. 

Keywords: Conjugated polymer nanostructures, Heterostructures, Surface engineering, S-scheme 

heterojunction, Photoelectrochemical water splitting 
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Abstract 

 

The growing demand for sustainable and efficient energy storage solutions has intensified interest in 

next-generation battery technologies that can directly integrate renewable energy harvesting and 

storage. Photo-rechargeable sodium-ion batteries (PR-SIBs) represent a novel class of energy storage 

devices that combine the abundance and low cost of sodium with the capability of solar energy 

conversion, enabling direct sunlight-driven battery charging without the need for separate photovoltaic 

and storage units. This talk will explore the fundamental principles, material innovations, and recent 

advancements in PR-SIBs, with a particular focus on dual-functional photoelectrodes, interfacial 

charge dynamics, and strategies to overcome key challenges such as low photovoltage, poor charge 

separation, and material degradation. Emphasis will be placed on the design of layered transition metal 

dichalcogenides and heterostructured nanocomposites for enhanced photo-induced Na⁺ deintercalation 

and improved cycling stability. The presentation will also discuss potential applications in off-grid 

energy systems and integrated solar energy storage platforms, highlighting the future scope and 

interdisciplinary opportunities in this emerging field. 
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Abstract 

The development of advanced PGM, non-PGM-based electrocatalysts for polymer electrolyte 

membrane fuel cells (PEMFCs) and the engineering of aqueous electrolytes for improved charge 

storability in aqueous Zn-ion battery (AZIBs) are crucial for the next-generation energy storage and 

conversion technologies. The multifaceted investigation into two distinct but related areas will be focused. 

First, the beneficial role of a CoNi-alloy in facilitating the formation of N-doped bamboo knotted 

tube morphology via a tip-in growth mechanism. This unique structure establishes the CoNi-alloy as a 

highly promising Pt-free cathode electrocatalyst for anion exchange membrane fuel cells, addressing the 

need for efficient and cost-effective noble-metal alternatives. 

Second, a revolutionary reverse dual-ion battery design that leverages a low-redox potential 

anode and a cation-deficient cathode to fundamentally alter ion de(insertion) chemistry within a ZnCl₂ 

water-in-salt electrolyte (WiSE). This innovative sequencing of ion-born chemistry represents a 

significant leap forward, showcasing groundbreaking potential for advancements in aqueous energy 

storage technology. Complementary to this, we provide molecular insights into the behaviour of methanol 

as an antisolvent in ZnCl₂ WiSE and experimentally evaluate its impact on the performance and efficiency 

of AZIBs. Understanding these interactions is vital for optimizing electrolyte formulations and enhancing 

battery longevity and capacity. 

Lastly, the glimpse of design, development and demonstration (D3) of CECRI’s PEMFC 

technologies in the stationary and automotive sectors will be discussed.  

 

Keywords: PGM and Non-PGM Electrocatalyst, Dual-ion Battery, Antisolvets, PEMFCs 
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Abstract	

We are developing a connected Pt-based nanoparticle 

catalyst for oxygen reduction reaction (ORR) in polymer 

electrolyte fuel cells (PEFCs).1,2 As shown in Figure 1, this 

catalyst consists of a three-dimentional (3D) nanonetwork 

formed by the connection of Pt-based nanoparticles with high 

electrical conductivity. Connected Pt-alloy nanoparticles 

demonstrate an ORR specific activity about 10 times higher than 

a conventional Pt/C catalyst. Additionally, we have developed 

connected core-shell nanoparticle catalysts with a higher 

surface area. These connected nanoparticle catalysts improve 

the durability against start/stop and load cycle operations. In 

this presentation, the ORR activity and durability of 3D 

connected nanoparticles, as well as the fuel cell performance of 

the membrane–electrode assemblies using the connected 

catalysts will be introduced. 

 

Keywords: Electrocatalyst, Oxygen Reduction Reaction, Fuel Cell 
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Figure 1. Illustration and TEM/STEM 

images for a 3D connected 

nanoparticle catalyst with a porous, 

hollow-capsule structure. 
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Abstract 

 

CO2 electro-reduction using solid oxide electrodes is one of the most promising technologies for 

converting CO2 to fuels (Power to X). CO2 reducing cathodes such as Ni-YSZ and MCeO2-δ -YSZ have shown 

promise in converting CO2 to CO. In the presence of H2, these systems are prone to reverse water gas shift 

reactions and at 800 degrees both electrochemical and thermochemical reactions compete.  

 

Our operando studies will report on Ni-YSZ and Ceria -YSZ based electrodes. CeO2-δ electrodes 

perform well in both CO2 and CO2 (+H2) environments. The CO yield increases with increasing negative 

bias concomitant with increase in the number of Ce3+ sites. Our studies will uncouple production of CO by 

both thermochemical and electrochemical means and how they are correlated through similar active sites. 

The studies will highlight mechanistic aspects of both CO production and coking. Nature of the active site 

will be discussed. Unlike purely thermochemical systems, electrochemical systems present an 

opportunity to control CO and H2 ratios in syngas using simply bias. 

 

Keywords: CO2 electrolysis, solid oxide electrolysis, operando spectroscopy  
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Abstract 
Lithium/Sodium metal batteries offer great promise towards realizing high energy density devices. 
However, challenges such as lithium/sodium metal degradation and dendrite growth remain critical, 
especially when using lean metal anodes. We present some of our recent effrots in exploring efficient 
strategies toward modifying the current collectors for stable anode-less Li/Na metal batteries. For 
example, a thin layer of copper selenide grown on commercial Cu foil via chemical vapor deposition and 
subsequently lithiated to form a Li₂Se matrix with interspersed Cu particles serves an efficient current 
colletor. During lithium plating, the electroplated lithium is encapsulated within the Cu -Li₂Se matrix in a 
protective configuration, contrasting the exposed and dendritic lithium deposition observed on bare 
copper current collectors. This beneficial interface layer facilitates the guided migration of lithium ions 
toward the base Cu substrate, driven by its negative potential, thereby minimizing direct lithium metal 
exposure to the corrosive electrolyte. Full cell studies carrie out using LFP cathodes, and carbonate-based 
electrolytes (without additives) demonstrate superior cycling stability. We further address similar issues 
in sodium metal batteries through a simple yet effective surface modification using an indium oxychloride 
coating on the current collector. Formation of an artificial SEI hybrid layer composed of NaIn and sodium 
oxychloride (Na3OCl) results in enhanced ion diffusion, improved interfacial stabil ity, and space charge 
regulation to enable uniform dendrite-free sodium deposition. These studies provide insights into 
interfacial engineering strategies for future solid-state battery designs. 
 
Keywords (max 5): Anode-less batteries, Metal batteries, Current collector modification, Li/Na batteries,  
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Composition	Tuning	Effects	on	the	Phase	Formation	and	Electrochemical	
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Developing	high-performance	cathode	materials	remains	a	key	challenge	for	cost-effective	sodium-ion	
batteries,	especially	in	achieving	high	energy	density	and	cycling	stability.	Nax(Mn-Fe-Ni)O2	system	is	a	
promising	 cathode	candidate	due	 to	 its	 structural	 tunability	and	high	voltage	 redox	activity.	This	 talk	
focuses	 on	 the	 effects	 of	 calcination	 temperature	 and	 transition	metal	 composition	 on	 the	 structural,	
morphological,	and	electrochemical	properties	of	Nax(Mn-Fe-Ni)O2	layered	oxides.1,2	Samples	calcined	at	
different	 temperatures	 display	 diverse	 phase	 compositions,	 including	 P-	 and	 O-type	 structures.	 XRD	
analysis	 indicates	 increased	Mn	content	 induces	biphasic	P2/O3	behavior,	while	Ni-rich	compositions	
have	a	contracted	c	parameter.	The	P2/O3-type	Na0.8Mn0.53Fe0.14Ni0.33O2,	calcined	at	900 °C,	achieves	the	
highest	 specific	 discharge	 capacity	 (~139 mAh	 g-1).	 NaMn0.500Fe0.125Ni0.375O2	 achieves	 a	 high	 specific	
capacity	of	~149 mAh g-1,	while	NaMn0.500Fe0.250Ni0.250O2	exhibits	superior	rate	capability	(85.7%	capacity	
at	1C	and	69.7%	at	3C,	compared	to	0.1C).	The	biphasic	NaMn0.625Fe0.125Ni0.250O2	(MFN-512)	retains	93%	
of	its	initial	capacity	after	100	cycles	and	delivers	a	specific	capacity	of	~92 mAh g-1	and	a	nominal	voltage	
of	~2.9 V	at	a	0.1C	in	a	
full-cell	 with	 hard	
carbon	 anode,	
highlighting	 its	
practical	 applicability.	
Operando	Synchrotron	
XRD	 further	 reveals	
reversible	 phase	
transformations	 in	
MFN-512.	
	
Keywords:	Na-ion	Battery	Cathodes,	Layered	Oxides,	Electrochemical	Behavior	
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Optimized	composition	in	Na0.8(Mn-Fe-Ni)O2	system	yields	superior	properties	
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Lithium-sulfur batteries are identified as one of the most promising rechargeable energy systems 
due to their high theoretical capacity (1675 mAh/g), high gravimetric energy density (2600 
Wh/Kg), low cost and low environmental impact. However, the insulating nature of sulfur and the 
migration of soluble polysulfides during the cycling process limits their practical application. 
Additionally, the volume change (~80%) of active sulfur molecules during charge-discharge cycle 
further adds to woes, leading to pulverization of electrode upon prolonged cycling. Although 
plethora of efforts has been devoted to mitigate these drawbacks, most of them involves usage of 
carbon host prepared from expensive precursors or involves intricate processing techniques with 
treatment of sulfur particles by expensive conducting polymer materials (i.e., PEDOT, PSS etc.). 
Keeping all this points in consideration we are proposing an efficient, cost-effective measure to 
prepare CTAB (a cationic surfactant)-assisted submicrometer-sized sulfur particle. Suitability of 
CTAB as a surfactant in this process is assessed prior to this via sessile droplet contact angle 
measurements with myriad surfactants (CTAB, PVP, TWEEN 20 etc.) representing anionic, 
cationic and non-ionic groups. A correlation between the synthesized sulphur particle 
morphology with the employed surfactant range is also attempted and CTAB is found to exhibit 
the highest reduction in contact angle and thereof is chosen as the suitable surfactant for this 
study. This as synthesized sulfur particles are mixed with super P conductive carbon black and an 
aqueous binder to form a slurry which is to be coated on an Aluminium foil to prepare the 
electrode. Here the role of CTAB is dual functional. On one side it helps to modify the morphology 
of sulfur which have hollow spherical structure in order to buffer the volume change and on 
another side the polar ionic tale of CTAB helps to physically confine the polysulfides (Li2Sn, 4 ≤ n 
≤ 8) which improves the cyclability, rate performance, above all helps to extinguish the polysulfide 
shuttle effect. Here we have used a sulfur cathode with a sulfur content of ~70% with electrolyte 
to sulfur ratio ~10-12 μl/mg which could deliver a specific capacity ~1000 mAh/g with a capacity 
fading of ~75% after 200 cycles at 0.5C. This effort could be seen a potential step forward towards 
practical Li-S batteries with facile synthesis process using low-cost, easily available ingredients 
and keeping all other essential parameters (high sulfur loading, low E/S ratio etc.) under 
consideration.  

 

Keywords:- sulfur, Li-S battery, CTAB, E/S ratio, cathodes 
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Translational research plays a crucial role in moving scientific innovations from the laboratory to 
real-world applications, particularly in strategic sectors such as energy storage. With India’s 

rapidly expanding electric mobility and renewable energy landscape, the demand for indigenous, 
scalable, and commercially viable energy storage technologies has never been greater. This 
presentation highlights ARCI’s efforts for the development, demonstration, and technology 
transfer of lithium-ion batteries (LIBs) and Na-ion batteries (NIB) materials. The first part of the 
presentation highlights ARCI’s development of indigenous electrode material technologies for 

domestic LIB manufacturing. Lithium iron phosphate (LFP) is a preferred cathode chemistry 
owing to its intrinsic safety and strong thermal stability arising from robust P–O bonding, which 
prevents self-oxidation and thermal runaway. ARCI has developed a cost-effective high-energy 
milling process for synthesizing in-situ carbon-modified LFP (C-LFP), with 15–20 kg batch-scale 
production successfully demonstrated and validated at the cell level. Patents have been filed in 
India and internationally, and the technology has been transferred to M/s. Allox Minerals (India) 
and M/s. ALTMIN (Global & India). A 250 kg/day pilot plant has been established by M/s. 
ALTMIN at the ARCI incubator. Additionally, M/s. ALTMIN laid the foundation for its new plant 
recently, and the facility is expected to begin operations by Q4 2026, producing 20,000 MTPA of 
LFP CAM & meeting about 20% of India’s projected LFP cell demand by 2028. 
The second part of the presentation highlights ARCI’s development of NVP and hard carbon 
materials for Na-ion batteries.  Na₃V₂(PO₄)₃ (NVP) is a NASICON-type cathode for sodium-ion 
batteries, featuring a stable 3D framework with fast Na⁺ diffusion. It operates at ~3.4 V (V³⁺/V⁴⁺ 

redox) with a theoretical capacity of ~117 mAh g⁻¹, offering excellent cycling stability and safety. 
NVP synthesized by high energy milling using N,V, and P precursors at 1kg batch and 
subsequently calcined at 800oC under inert atm. The resulting pure NVP material delivers specific 
capacity of 110-115mAh/g with good rate capability and excellent cyclic stability retention 
(>80%) after 200 cycles. Currently, the up-scaling of the process for 20 kg batch is in progress and 
validation of material at pouch cell level is in progress. Hard carbon is considered a promising anode 
material for sodium-ion batteries due to its larger interlayer spacing (>0.35 nm), tunable microstructure, 
low specific surface area, and hierarchical porosity, which collectively facilitate efficient Na⁺ storage and 
diffusion [1]. Further, ARCI also focus on synthesis of hard carbon (HC) using coconut husk biomass by . 
high-temperature carbonization at 1400 °C for 2 h under an inert atmosphere. The electrochemical 
performance is evaluated in a half-cell configuration vs. Na/Na⁺ using 1 M NaClO₄ in EC:PC (1:1 vol%) 

electrolyte. Galvanostatic charge–discharge studies demonstrate specific capacities of 233, 142, 101, 48, 
and 33 mAh g⁻¹ at current densities of 20, 50, 100, 500, and 1000 mA g⁻¹, respectively. Furthermore, the 

electrode exhibits good cycling stability with >80% capacity retention after 50 cycles at 50 mA g⁻¹. Further 
insights and technical details will be presented during the talk. 
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Abstract	
In	recent	years,	energy	storage	devices	especially	rechargeable	batteries	have	become	part	of	our	

daily	 life	 in	 portable	 electronic	 devices	 like	 mobiles,	 laptops	 as	 well	 as	 being	 used	 at	 large	 scale	 in	
electrical	 vehicles	 (EV),	 etc.	Among	various	 types	of	 batteries,	 the	only	 commercially	 established	 and	
feasible	technology	is	based	on	Li-ion	intercalation,	mainly	due	to	the	advantage	of	its	high	energy	density,	
good	rate	kinetics	and	light	weight.	However,	the	main	concern	comes	from	the	limited	availability	and	
uneven	distribution	of	Li	in	the	earth	crust.	This	motivates	researchers	to	search	for	alternative	avenue,	
and	the	Na-ion	batteries	are	one	of	the	potential	candidates	particularly	for	grid	level	storage	due	to	its	
low	cost	and	abundance	on	the	globe,	and	therefore	extensive	research	has	been	started	in	this	field	over	
past	few	years	[1].	In	this	direction,	it	is	vital	to	find	suitable	and	high-performance	electrode	materials.	
However,	there	are	many	challenges	due	the	larger	size	of	the	Na-ion	as	compared	to	the	Li.	Therefore,	
constant	 efforts	 are	 going	 on	 to	 search	 new	 electrode	 materials	 (negative	 as	 well	 as	 positive)	 for	
improving	the	electrochemistry.	Recently,	we	have	developed	few	cathode	and	anode	materials	and	tested	
their	 electrochemical	 performance	 to	 understand	 the	 diffusion	 kinetics,	 stability,	 rate	 capability	 and	
coulombic	efficiency	in	sodium	ion	batteries	[2-10].	In	the	talk,	I	will	present	some	of	our	effort	towards	
development	of	cost-effective/high-performance	sodium-ion	batteries	for	energy	storage	applications.		
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Abstract	
	

Solid-state	Li	batteries	are	considered	as	promising	advancements	to	Li-ion	batteries	due	to	their	superior	
energy	density	and	safety.	Moreover,	 these	batteries	 in	the	 ‘anodeless’	configuration	can	further	boost	
volumetric	 energy	 density	 by	minimizing	 dead	 volume	 in	 the	 cell.	 The	 application	 of	 NASICON	 type	
ceramics	(Li1.3Al0.3Ti1.7(PO4)3/	Li1.5Al0.5Ge1.5(PO4)3)	as	the	solid	electrolyte	(SE)	 is	preferred	over	oxide-
based	ceramics	such	as	LLZO	due	to	the	higher	ionic	conductivity	at	ambient	conditions	of	the	former.	
However,	 their	 practical	 implementation	 in	 SSBs	 presents	 challenges	 due	 to	 their	 anodic	 instability	
against	 reduction	 by	 Li	metal.	Herein,	we	 present	 a	 surface	 engineering	 approach	 for	 the	 Cu	 current	
collector	by	introducing	a	porous	reactive	layer	through	a	simple	solution	based	chemical	etching	protocol.	
Over	successive	Li	plating/stripping	cycles	this	reactive	layer	forms	a	passivating	film	by	reacting	with	
the	deposited	Li	in	an	anodeless	solid-state	configuration.	The	post	cycling	characterization	showed	that	
the	Li	plating/stripping	cycles	leads	to	an	Li2O	and	LiF	rich	surface,	which	results	in	a	significant	boost	in	
Coulombic	efficiency	and	cycling	performance	at	ambient	pressure	and	temperature.	
	
Keywords:	Solid-state	batteries,	Interfacial	Passivation,	Anodeless,	 	
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Abstract	
Nickel-rich	layered	oxide	cathodes	have	emerged	as	one	of	the	leaders	for	next-generation	lithium-ion	
batteries	(LIBs),	offering	high	energy	density	and	a	relatively	lower	cobalt	content.	However,	challenges	
such	 as	 cation	 mixing,	 structural	 degradation,	 and	 poor	 cycle	 retention	 persist.	 In	 this	 study,	 we	
systematically	 investigate	 the	 effect	 of	 controlled	 manganese	 (Mn)	 substitution	 in	 a	 NCA	 cathode	
materials	synthesized	via	a	solid-state	route,	targeting	enhanced	structural	and	electrochemical	stability.	
XRD,	Rietveld	and	TEM	analyses	confirm	single-phase	layered	α-NaFeO₂-type	structures	with	decreasing	
phase	purity	and	increasing	c/a	ratios	at	high	Mn	content	(x	≥	0.2),	indicating	an	increased	cation	disorder	
in	the	samples	with	increasing	Mn	contents.	Mn	introduction	affects	oxidation	states	of	both	Ni	and	Co	
leading	to	defects	in	the	structure.	Besides,	due	to	Jahn-Teller	distortion,	particles	undergo	pulverization	
with	the	introduction	of	Mn.	 	 The	presence	of	excess	of	Mn	on	the	particle	surface	is	confirmed	with	
EELS.	 	 The	sample	with	x	=	0.1	(NMCA-1)	demonstrated	the	optimal	balance,	exhibiting	minimal	lattice	
strain	 (0.0004%),	 the	 smallest	 crystallite	 size	 (~50	nm),	 and	comparable	 structural	 integrity	with	an	
I(003)/I(104)	ratio	of	1.25.	Electrochemically,	NMCA-1	delivered	the	highest	capacity	retention	(~85%	
after	 100	 cycles	 at	 0.2C),	 outperforming	 both	 undoped	 NCA	 (~70%)	 and	 fully	 Mn-substituted	 NMA	
(~45%).	Despite	a	slight	 reduction	 in	 initial	 capacity	 (137	mAh	g⁻¹),	NMCA-1	exhibited	superior	rate	
capability	(77	mAh	g⁻¹	at	2C)	and	reduced	overpotential	growth,	confirmed	by	CV	and	EIS	analyses.	Our	
findings	highlight	the	synergistic	effect	of	Mn	and	Al	co-doping	in	optimizing	cathode	performance	by	
tuning	structural	strain,	mitigating	phase	degradation,	and	enhancing	long-term	cycling	behaviour.	This	
approach	offers	a	cost-effective	and	scalable	strategy	to	engineer	high-performance	cathode	materials	
for	future	LIB	applications.	
Keywords:	NCA	cathode,	Li-ion	battery,	Anti-site	defect,	Covalency	enhancement	
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Abstract 

 

The electrolyte plays a critical role in lithium batteries. In particular, Li ion solvation critically 

impacts electrolyte properties and the battery performance. Solvation thermodynamics is at the 

foundation of solvation phenomena, but our understanding of it and how it impacts solvation structure, 

electrolyte properties and the battery performance remains elusive. In this talk, I will begin by 

introducing experimental methods to probe solvation free energy and solvation entropy. Then I will 

discuss our recent works on how solvation free energy impacts important electrolyte properties and 

battery performance metrics in two important next-generation battery systems: lithium metal batteries 

and lithium-sulfur batteries. We find that solvation free energy impacts the voltage profile and polysulfide 

solubility in Li-S batteries. We also find correlations between solvation free energy and ion transport 

properties of Li metal battery electrolytes. I will conclude by summarizing the relationships between 

solvation thermodynamics, solvation structure and electrolyte properties for Li battery electrolytes. 

 

Keywords: Battery, electrolytes, solvation, thermodynamics 
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Abstract 

 

The rate performance of a given material that is used as an electrode or a solid electrolyte in a 

battery is a critical metric determining the commercial viability of the corresponding battery technology. 

In turn, rate performance in solids is significantly influenced by the activation energy required for ion 

migration (𝐸𝑚) between crystallographic sites. Traditional computational methods for estimating 𝐸𝑚, 

such as density functional theory based nudged elastic band calculations or ab-initio molecular dynamics 

simulations, are typically constrained by computational challenges, including convergence issues and the 

demands associated with sampling larger length/longer time scales, respectively. To mitigate these 

limitations, we introduce a graph neural network based machine learning (ML) approach designed to 

efficiently and accurately predict 𝐸𝑚, leveraging the framework of transfer learning. Specifically, we fine-

tune (FT) a model that has been simultaneously pre-trained on seven distinct bulk material properties 

across a wide range of materials, on a manually curated dataset comprising 619 𝐸𝑚  values from 

literature. Our FT model demonstrates substantial improvements in prediction accuracy compared to 

traditional statistical ML methods and models trained from scratch (i.e., without any pre-training), and is 

able to effectively distinguish multiple migration pathways within a given structure. Ultimately, we expect 

our FT model to accelerate material screening efforts, particularly for the discovery of novel electrode 

and electrolyte materials for advanced batteries.  

 

Keywords: Electrodes, Solid electrolytes, Migration barrier, Machine learning, Transfer learning 

 

 

 

 

 

 

 

Invited Lecture-46

mailto:saigautamg@iisc.ac.in


ACEPS-13,	January	11-14,	2026,	Bengaluru,	India	
 

   
 

 
Tuning	Ion	Transport	and	Host	Interactions	in	Beyond-Lithium	Ion	Storage:	

Insights	from	First-Principles	Simulations	
	

Swastika	Banerjee,*,	Shweta	Choudhary,	Vikas	Singh	Thakur	
Department	of	Chemistry,	Indian	Institute	of	Technology	Roorkee,	Uttarakhand	247667,	India	
*	swastika.banerjee@cy.iitr.ac.in	
	
Abstract	
As	the	demand	for	scalable	and	sustainable	energy	storage	grows,	beyond-Li	chemistries	such	as	sodium,	
potassium,	 and	 magnesium	 are	 gaining	 momentum	 due	 to	 their	 abundance	 and	 complementary	
electrochemical	properties.	In	this	work,	we	leverage	first-principles	simulations	to	uncover	fundamental	
mechanisms	that	govern	ion	transport	and	storage	in	non-Li	systems.	In	complex	borohydride-based	solid	
electrolytes,	we	reveal	that	Na⁺	and	K⁺	migration	is	highly	sensitive	to	the	local	coordination	geometry	
and	steric	constraints,	offering	a	design	 lever	 through	cation–framework	 interactions.	For	sodium-ion	
anodes,	we	demonstrate	that	graphullerene	frameworks	support	efficient	electron	injection	and	stable	
NaC₂	cluster	formation,	yielding	reversible	and	high-capacity	storage—a	distinct	mechanism	compared	
to	intercalation	or	alloying.	For	multivalent	systems,	we	design	layered	Mg-hosts	with	enhanced	rigidity	
using	 linker	 engineering,	 which	 significantly	 lowers	 Mg²⁺	 diffusion	 barriers	 and	 improves	 insertion	
thermodynamics.	 These	 findings	 collectively	 showcase	 how	 chemical	 design,	 orbital	 interactions,	 and	
host	 lattice	 control	 can	 enable	 effective	 Na⁺,	 K⁺,	 and	 Mg²⁺	 transport,	 pushing	 the	 frontier	 of	 next-
generation,	post-Li	energy	storage	materials.	
Keywords:	 Beyond-Li	 storage,	 Sodium-ion	 battery,	 Potassium	 transport,	 Magnesium	 mobility,	
Computational	design	
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Designing Cathode Materials for Li-Ion and Na-Ion Batteries Using Advanced 

Computational Methods 
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1 CSIR-Central Leather Research Institute (CSIR-CLRI), Sardar Patel Road, Adyar, Chennai 600020, India 

* muditdixit@clri.res.in, dixitmuditk@gmail.com  

 

Abstract 

 

In this talk, I will present our recent efforts to stabilize and understand layered metal oxide cathodes for 

Li-and Na-ion batteries, with a particular focus on anionic redox and the inherent trade-offs between 

structural stability and capacity. Guided by first-principles calculations, we validate our predictions 

through targeted experiments in collaboration with experimental groups, offering key insights into phase 

stability under cycling conditions. I will also highlight the use of Machine Learning Interatomic Potentials 

(MLIPs) as a powerful tool for accelerating materials discovery. We critically evaluate their application in 

single-atom catalysis and Li–S batteries, especially in modeling polysulfide binding, while also discussing 

the limitations and failure modes of MLIPs when extrapolating beyond their training domains. Shifting 

focus to sodium-ion batteries, I will present the design of a series of layered transition metal oxide 

cathodes where anionic redox mechanisms hold the promise of achieving high capacities. Through 

electronic structure engineering, our goal is to develop materials that not only exhibit reversible anionic 

redox activity but are also stable in air and moisture, including novel multi-component compositions. Our 

findings contribute to a deeper fundamental understanding and provide valuable guidance for 

experimental efforts aimed at enhancing existing materials and designing next-generation cathode 

materials 

 

Keywords: Cathode materials, Li-ion battteries, DFT, Computational modeling, Li-S chemistry 
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Atomistic	Understanding	of	Electrode	Materials	for	High-Performance	

Alkali-Ion	Batteries	 	
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Abstract	
	

The development of computational resources and methodologies has become a cornerstone in the quest 
to reliably predict promising electrode materials for rechargeable batteries, offering a cost-effective 
and time-efficient alternative to traditional experimental methods. These advancements provide 
valuable insights for experimentalists, guiding efforts to enhance battery performance and pave the 
way for next-generation, energy-efficient batteries with improved electrochemical behaviour, crucial 
for grid storage and electric vehicles. In this context, we employ first-principles density functional 
theory and evolutionary algorithms to conduct a comprehensive investigation of promising materials. 
Our aim is to gain an atomistic-level understanding of the reaction mechanism and identify efficient 
electrode materials for alkali-ion batteries, contributing to the evolution of cutting-edge energy storage 
technologies.  

	
Keywords	(max	5):	first-principles	calculations,	electrode	materials,	next-generation	alkali-ion	batteries,	
electrochemical	analysis	
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Plating Dynamics in Sodium Metal Anodes: Linking Molecular Interactions 
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Kingshuk Roy1,*,  

1 aResearch Institute for Sustainable Energy, TCG Centres for Research and Education in Science and Technology, Salt Lake, Kolkata 

700091, West Bengal, India 

email address: kingshuk.roy@tcgcrest.org  

 

Abstract 

 

The promise of sodium metal batteries, particularly anode-less configurations, rests on mastering one 

deceptively simple event: the first nucleation of sodium on a bare substrate. Yet, this event is governed by 

a complex web of interfacial kinetics, solvation chemistry, nucleation energetics, and evolving interphases. 

This talk will present a ground-up exploration of sodium metal anode stability, integrating molecular-

level electrolyte behavior, current collector surface chemistry, and spatially modulated ion flux. This talk 

will begin with probing the interfacial charge transfer kinetics and solvation-desolvation dynamics using 

fast-scan voltammetry, capturing transient plating behavior in real time. By combining variable-

temperature nuclear magnetic resonance, Raman spectroscopy, and several other fundamental material 

and electrochemical characterization techniques across length and time scales, this talk will help uncover 

how solvation asymmetry and mobility dictate desolvation energetics and SEI evolution. These insights 

are distilled into mechanistic descriptors that quantify electrolyte efficacy. Building on this, the talk will 

also demonstrate how spatially engineered sodiophilic domains engineer sodium ion flux and stabilize 

deposition morphology. Various degrees of post-cycling in-situ measurements will reveal that edge-

localized electric fields and chemical defects can guide uniform plating and suppress dendrites. Together, 

these findings reframe the problem of Na metal stability; not as a materials limitation, but as an interfacial 

design challenge, solvable through a unified, multiscale strategy linking molecules to morphology. 

 

Keywords: Sodium Metal Anode, Interfacial Kinetics, Desolvation Dynamics, Spatial Ion Flux Engineering, 

Multiscale Characterization 
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Li–Organopolysulfide Batteries: Opening New Avenues in Battery Chemistry  
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2 Technical University Dresden, Inorganic Chemistry Department, Bergstr. 66, Dresden, Germany 

*Email Id: sattwick07@iittp.ac.in 

Abstract 

Chalcogenide electrodes—particularly those based on the highly abundant and low-cost sulfur—hold 

immense promise for developing lightweight, high-energy batteries suited for next-generation aviation 

technologies. Yet, this class of batteries still faces practical challenges, primarily due to slow charging rates 

caused by poor conductivity and degradation from the solubility of sulfur in the electrolyte, limiting their 

durability and cycle performance. Among several strategies explored, using conducting host materials to 

trap sulfur has shown notable success, but this often comes at the cost of reduced practical energy density, 

as the inactive mass of the host adds to the overall weight of the battery. To address this, we developed a 

smart approach by covalently integrating charge-storing sulfur directly into charge-storing host materials, 

enabling the host to compensate for theoretical energy loss. Our design transforms the traditionally 

inactive host into an electrochemically active component. This enhances charge transport and enables 

fast charging through efficient electronic communication between insulating sulfur and semiconducting 

or conducting polymers. We realized this advantage with novel sulfur-linked organic polymers, and 

verified the underlying mechanism using a custom operando Raman setup. The resulting cell, assembled 

with a lithium counter electrode, significantly outperformed conventional Li–S batteries—earning the 

name Li-Organopolysulfide battery. This innovation paves the way for a new class of various Metal–

Organopoylchalcogenide batteries, such as Li-Organopoylselenide and Na–Organopolysulfide systems, 

with viable device-level performance. We are now actively working to scale this lab-level breakthrough 

toward industrial relevance, with ongoing studies to evaluate and mitigate the system’s limitations. 

 

Keywords: Sulfur, Metals, Organopolysulfides, Battery, Mechanism. 
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FeN4O2 and MnN4CN Single-Atom Incorporated Anodes for 

Sodium-Ion Storage and Transport with Hollow Diffusion Sites 

Saikat Dutta1,*, Anubha Yadav1 
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Amity University Uttar Pradesh, Noida, India, E-mail: sdutta2@amity.edu 

Abstract 

Sluggish diffusion kinetics of Na+-ion drastically restrain the rate capability and capacitance 

of anode for sodium-ion batteries (SIBs). Herein, we report a unique process to access a single-Fe-

atom incorporated anode material FeN4-O2WNC from delignified wood for coin cell SIBs to address 

the above challenges. The charging Na+-ion through FeN4O2WNC anode was revealed by 

electrochemical capacitive and charge-discharge studies to establish a reversible conversion and 

diffusion of Na+-ion supported by theoretical calculation of Na+-ion migration energy (eV) against the 

diffusion path. FeN4O2WNC anode, assembled with sodium foil as counter electrodes in coin cell,  

exhibits the discharge-specific capacity of 140 mAhg1 at a current density of 100 mAg1. The diffusive 

behavior of FeN4O2WNC reveals a diffusion coefficient 10−8 to 10−10 cm2 s−1 within a 0.01–3.0 V 

voltage. The GITT profile, EIS, and post-cycling analysis support the role of FeN bonding in 

modulating the electronic environment of Na+-ion diffusion sites. The incorporation of FeN4O2 in 

WNC results 1) faster Na+-ion diffusion through hollow (H) sites, 2) stretching of FeN bond during 

discharge cycles supported by the DFT analysis. In addition, FeN4O2WNC anode promises for 

manufacturing of advanced SIBs from a renewable material, and thereby enhancing investigation of 

sodiophilic FeN sites, and factors suppressing the Na-dendrite formation. MnN4CN single-Atom 

incorporated anode also exhibits interesting Na+/electron transport features based on the MnN4 and -

CN sites. We will reveal the role of isolated single metal-atoms and diffusion sites based on X-rab 

absorption spectra, electrochemical performance in coin-cells and densty functional theory (DFT) for 

pushing the discharge-specific capacity and rate capability of our coin-cell SIBs. 

Keywords (max 5): Single FeN4O2, Na+-ion diffusion path, Na+-intercalated hollow sites, Mn-single-

atom, SIB coin-cell. 
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From Unstoppable Electrons in Unlikely Alloys to Hydrogen Harmony 

 

Sayan Bhattacharyya* 

Department of Chemical Sciences, and Centre for Advanced Functional Materials, Indian Institute of Science Education and Rese arch 

(IISER) Kolkata, Mohanpur - 741246, India 
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The recent literature is abundant with earth-abundant electrocatalysts that have shown the ability to 

surpass the noble metal benchmark for driving the redox reactions such as water splitting for green 

hydrogen generation, carbon dioxide reduction to value added fuels and nitrogen reduction to ammonia. 

A successful architecture of these multi-metallic electrocatalysts relies on the overall electronic structure, 

optimization of the active centers, elemental ratio, heterogeneous localization of the elements, 

coordination environment, shape and size of the nanostructures, and the atomic scale defects. However, 

alloying the metals with dissimilar crystal structures and unmatched crystallographic facets is a non -

trivial task. Therefore, an effective multi-metallic catalyst design needs a substantial all-round knowledge 

of chemistry, especially the branches of basic inorganic chemistry and solid state chemistry, besides 

electrochemistry. This lecture will highlight a part of our efforts in making the multi -metallic 

heterogeneous alloys having immiscible lattices of the metal components for water electrolysis. 1-5 Our 

electrocatalysts are typically composed of two metals that mutually tune the electronic structure to have 

a profound impact on the overall catalytic activity.6-8  

 

Keywords: ELectrocatalyst, Bimetallic alloy, Electronic structure, Water electrolysis, Industrial scale 
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Abstract 

 

Single-atom catalysts have garnered significant attention in electrocatalysis due to their maximized 

atomic utilization, adjustable metal centers, and diverse coordination environments. Their key advantage 

stems from the fully exposed active sites, facilitating strong interactions with neighboring coordination 

atoms, thereby affording exceptional activity and stability to the single-atom catalysts. I will focus on our 

recent efforts to promote the single-atom catalyst's performance in electrochemical transformation of gas 

and water pollutants into value-added products (Fig.1). The synthesis and characterization of metal 

catalytic sites anchored on porous graphitic nanospheres [1] and Cu nanowires in multichannel carbon 

nanorods catalyst will be discussed [2,3]. Finally, their potential applications in single -cell electrolysis of 

NO to NH3 and primary Zn-NO batteries will be presented. 

 

 

 

 

 

Fig. 1 Schematic of NH3 economy that contains carbon-free fuel generation from the air pollutant NO 

utilized by the sustainable energy-driven electrolyzer and the produced NH3 is used as energy supply. 
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Enhancing Hydrogen Evolution at Lower Potentials via Developing New 

Catalysts for Alternative Anodic Oxidation Reactions  
Di-Yan Wang* 
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* diyanwang@ntnu.edu.tw 

Abstract 
Traditional water electrolysis faces the challenge of high potential from the oxygen evolution reaction 

(OER). This research aims to reduce energy demand and increase hydrogen production efficiency by 

using the iodide oxidation reaction (IOR) and urea electrooxidation reaction (UOR) as alternative 

solutions. The first part of the study focuses on IOR, utilizing the delocalized π electron system of 
graphite materials to facilitate rapid charge transfer with iodide ions, thereby reducing the reaction 

onset potential. Experimental results show that carbon fiber paper (CFP), as a catalyst, exhibits 

excellent IOR catalytic activity, with an onset potential of only 0.54 V (vs. RHE). In a two-electrode 

system, only 0.59 V of voltage is required to achieve a current density of 10 mA cm -2, significantly 
reducing energy consumption by 65% compared to traditional OER water electrolysis. The study 

emphasizes that the catalytic activity of the graphite structure is closely related to the electrode 

spacing, and optimizing the electrode spacing can further reduce voltage requirements.  The second 

part of the study focuses on UOR, designing and synthesizing dynamically stable blended CoOOH–

Ni(OH)2 nanoclusters as highly efficient UOR electrocatalysts. These blended nanoclusters exhibit 
excellent electrocatalytic activity in an alkaline environment, with an onset potential of 1.24 V (vs. 

RHE) in 1 M KOH and 0.5 M urea solution, requiring only a low applied potential of 0.45 V to achieve 

a current density of 10 mA cm-2. Density functional theory calculations show that, compared to 

CoNiOx, blended CoOOH–Ni(OH)2 nanoclusters with more oxygen vacancies exhibit lower Gibbs free 
energy in the NCONH2 / NCONH intermediate reaction pathway, which is beneficial for the UOR. 

The study also explores the application of asymmetric electrolyzers, utilizing a pH gradient to further 

reduce the operating potential while separating the anode and cathode products. 

Our study successfully utilizes IOR and UOR as alternative oxidation reactions, significantly 

reducing the potential requirements for HER. The application of graphite materials and mixed metal 
oxide nanoclusters provides new solutions for high-performance electrochemical hydrogen production. 

The results emphasize the importance of catalyst design and optimization of reaction conditions in 

improving hydrogen production efficiency, paving the way for new industrial applications of 

electrochemical hydrogen production.  

 

Keywords: Iodide oxidation reaction, Urea electrooxidation reaction, Blended CoOOH–Ni(OH)2 

nanoclusters, Oxygen evolution reaction, Carbon fiber paper 
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Abstract	
	

Global	 energy	 requirements	 are	 touching	 new	meridians	with	 the	 gradual	 advancement	 in	 the	 living	
standards	and	the	day-by-day	growing	world	population.	This	necessitates	the	exploration	to	seek	for	
greener	and	sustainable	energy	reservoir	systems	which	ought	to	be	environmentally	agreeable	for	such	
an	intriguing	purpose.	Electrochemical	energy	conversion	and	storage	devices	offer	some	most	alluring	
aptitudes	 for	 providing	 clean	 energy.	 To	 name	 a	 few	 of	 these	 include	 fuel	 cells,	 rechargeable	metal-
air/peroxide	batteries	and	HCl/	H2S	electrolysis	and	likewise.1,2	Oxygen	being	central	to	the	processes	in	
these	devices,	a	lot	of	attention	has	been	focused	upon	the	study	of	oxygen	chemistry	in	terms	of	oxygen	
reduction	reaction	(ORR)	and	also	Hydrogen	evolution	reaction	(HER)	and	thence	to	the	melioration	of	
the	 associated	 electrocatalysts.	 In	 the	 past	 decade	 research	 has	 depicted	 tremendous	 improvement	
towards	 the	 betterment	 of	 fuel	 cells/Zn	 based	 batteries/hydrogen	 production	 in	 its	 legions	 of	
shortcomings	or	corrigible	 features.3,4	But	still	an	 infinite	pursuit	 towards	the	exploration	of	effective,	
sturdy	and	energy	efficient	catalysts	continues.	The	talk	addresses,		

• several	strategies	pursued	to	replace	noble-metal	free	electrocatalysts	for	ORR/HER.	
• Zn	based	battereis	
• visualization	of	local	electrocatalyic	activity	by	SECM.		
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Abstract 

 

Developing energy-efficient, economically viable, and environmentally safe technologies for 

lithium-ion battery (LIB) recycling is critical to sustaining their widespread adoption in electric vehicles 

and grid-scale energy storage. Conventional recycling methods primarily rely on destructive processes 

that recover elemental metals but require energy-intensive resynthesis steps to regenerate high-value 

cathode materials. Although non-destructive direct regeneration approaches have been explored, their 

industrial scalability remains limited due to the need for precise lithium quantification or the use of 

extreme processing conditions such as elevated pressure, temperature, or inert atmospheres. 

Herein, we introduce a thermodynamically controlled chemical regeneration strategy that 

directly restores spent cathodes under ambient pressure and open-air conditions using recyclable 

electron donors (REDs). The redox potentials of REDs are precisely tuned between the operational and 

over-lithiation potentials, enabling topotactic lithiation via coupled electron and lithium-ion transfer 

while minimizing side reactions. Simple soaking of spent cathodes in a regeneration solution containing 

RED molecules and lithium salts fully restores both composition and electrochemical performance, 

without requiring prior lithium quantification or cathode separation. The regeneration solution can be 

refreshed by recharging the REDs, enabling closed-loop recycling with minimal waste and cost. This 

approach is demonstrated on spent cathodes from commercial 1-Ah pouch cells, highlighting its 

scalability and applicability across various cathode chemistries with heterogeneous lithium depletion. 

The RED-mediated regeneration provides an energy-efficient, cost-effective, and sustainable pathway for 

LIB recycling, potentially advancing circular battery manufacturing. 

 

Keywords: Cathode regeneration, Recyclable electron donors, Closed-loop battery recycling 
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Abstract 

 

Silicon is one of the attractive next-generation anode active materials due to its high theoretical 

capacity. However, its practical use is limited by poor cycle capabiity. In conventional liquid-electrolyte Li-

ion batteries, silicon’s large volume change of silicon leads to the formation of fresh surfaces on which the 

electrolyte continually decomposes, accelerating degradation. If solid electrolytes are employed, the 

newly created active surfaces are not easily covered by the electrolytes, which can suppress the electrolyte  

decomposition and improve cycle life. On the other hand, electrolytes’ plastic deformation causes the 

active material to lose adhesion with the solid electrolyte, which reduces the effective interfacial area.  

We previously developed a pressure-controlled operando X-ray computed-tomography (CT) cell that 

enables in-situ observation of the contact interface between active material and solid electrolyte.1,2 In this 

study, we utilize phase-contrast nano-X-ray CT to resolve the morphological evolution of silicon and its 

surrounding solid electrolyte during all-solid-state battery operation. 

Tracking the same silicon particle during charge-discharge reveals cracks in the surrounding 

solid electrolyte during lithiation, induced by the stress of silicon’s volumetric expansion. During 

delithiation the silicon particles contract and detach from the electrolyte, leaving a shell-like voild at the 

interface. If the expansion-induced stress is released, the plastic electrolytes can not follow the shape 

change. A large first-cycle irreversible capacity and the voltage drop at the initial discharge coincide with 

the onset of interfacial delamination. Importantly, the detachment progresses while small “bridges” of 

contact remaines between silicon and electrolyte, which stabilizes and the charge-discharge capacity 

from the second cycle.  

 

Keywords: All-solid-state battery, Solid electrolyte, Silicon anode, Solid interface, X-ray CT 
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Abstract 

 

Despite substantial progress, advanced R&D in hydrometallurgical recycling remains crucial to 

address key challenges to enhance the design of LIBs for improved end-of-life recoverability, optimizing 

process parameters to maximize metal recovery while minimizing reagent use and waste generation, 

mitigating effluents to reduce secondary pollution, developing selective separation techniques for 

recovering battery-grade materials from complex leachates, and above all improving cost-effectiveness 

and scalability through efficient resource and energy management. Beyond metal recovery, the 

reintegration of purified metals into new energy storage materials is vital for closing the material loop 

and reducing dependence on virgin resources. Recovered lithium, cobalt, nickel, and manganese can be 

processed into electrocatalysts or cathode precursors, yet purification, controlled precipitation, 

calcination, and doping to meet electrochemical performance standards are the current ongoing research. 

CSIR-IMMT has been working for the above domain of research since a coupl of year for the  

Development of a leaching strategy for the recovery of valuable metals from spent LIBs to minimise 

overall processing cost and complexity of the recycling workflow.  Recovering functional materails as 

promising candidate for next-generation energy storage and conversion systems from the processed 

leach liquor. Trials are made to develop  functional cathode material. Overall, a holistic recycling 

approach was made for metal recovery efficiency through sustainable leaching strategies but also 

demonstrates the direct functional reuse of recovered materials in energy storage and conversion 

applications. By utilizing the recovered transition metal complexes as precursors for synthesizing LIB 

cathode materials, it reinforces the vision of a closed-loop, low-impact recycling system aligned with 

circular economy goals. 

Keywords: End of life, LiB, recovery, Energy materials, leaching 
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Abstract 

 

Layered two-dimensional(2D) materials, such as graphene and MoS2, are widely recognized as 

promising photocatalysts for hydrogen evolution and water splitting. However, the interfacial electronic 

structure, particularly the influence of layer number and alloy composition, remains insufficiently 

understood. Accurate analysis of band offsets and charge transfer behavior is crucial for improving 

catalytic performance. In this study, we investigate the heterogeneous charge transfer properties of 2D 

materials with varying layer numbers and alloy compositions using scanning e lectrochemical cell 

microscopy (SECCM). Localized redox mapping reveals distinct area, layer, and composition -dependent 

reactivity, offering new insights into interfacial band alignment and the confinement of faradaic currents. 

Complementary structural characterizations, including Raman spectroscopy, photoluminescence  

mapping, and transmission electron microscopy, are used to correlate electrochemical activity with 

crystal structure, layer thickness, and alloy distribution. This study links local electroch emical activity to 

structure and composition, supporting catalyst design for hydrogen applications.   
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Abstract 

 

Dimerized 1,3,-dicarbonyls are important building blocks for various natural products. Hence, 

green electrochemical synthesis of such molecules are of great interest. First, I will discuss the 

dimerization of 3-carboxylate-2-oxindole by direct electrode oxidation on the electrode surface.1,2 A 

detailed mechanistic investigation involving proton-coupled electron transfer (PCET) will be discussed, 

wherein I will present three different PCET pathways for dimerization.1 Thereafter, I will present 

electrocatalytic routes involving TEMPO as a redox mediator and TEMPO+ as an active catalyst for the 

dimerization of 3-carboxylate-2-oxindoles following a hydride transfer mechanism.3 Thereafter, I will 

discuss dimerization of β-ketoester following Multi-Site Concerted Electron Proton Transfer (MS-PCET), 

wherein I will demonstrate of polarization of nonpolar C-H bond through electrolyte for the operation of 

MS-PCET. Moreover, many aspects of green chemistry, such as minimizing waste generation, recovery of 

electrolytes etc., will also be discussed.3 

 

Keywords: Proton-Coupled Electron Transfer (PCET), Hydride Transfer, Multi-Site Concerted Electron 

Proton Transfer (MS-PCET), Electro-organic Synthesis, Green Chemistry. 
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Abstract 

 

The rapid depletion of non-renewable energy sources made the researchers to incline towards 

the development of alternative approaches with a long-term vision of a sustainable society. With this 

advent, green hydrogen/green ammonia plays a dominating role towards a safe, reliable and electrified 

future. Although to meet the practical demands of ammonia, the Haber Bosch process is the sole option, 

but it deviates from the goal to a “net-zero” society. This calls for the electrochemical approach and we 

have thus keenly focused to develop suitable materials to achieve a significant ammonia production by 

nitrogen reduction reaction (NRR) in aqueous electrolytes. The structure-function relationship of the 

materials is extensively rendered emphasizing the impact of the synthesis strategy on the electronic 

properties of the materials that in turn modulate the elementary steps of NRR. The fundamental 

understanding between the electronic structure and adsorption energy of N 2 and apparent activity of the 

active site towards NRR are studied to gain a better understanding on the mechanisms of NRR ongoing 

on the material surface. On a broader perspective, with these improvisations we aim to develop a full NRR 

electrolyzer in laboratory scale having a potential of a better energy efficient ammonia synthesis.  

 

Keywords: Green fuel; electrochemical ammonia synthesis; Nanomaterials; Net-zero. 
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Abstract	
Managing	electron	transfers	across	inteligently	designed	polarizable	interfaces	offers	offers	a	promising	
route	 for	 developing	 green	 and	 efficient	 technologies	 for	 renewable	 energy	 storage	 and	 conversion,	
sustainable	 chemical	 synthesis,	 selective	 sensing	 of	 pollutants	 and	 disease	 biomarkers,	 and	 the	
electrochemical	 detoxification	 of	 environmental	 contaminants.	 However,	 electron	 transfer	 processes	
central	to	these	applications	are	often	intrinsically	sluggish,	warranting	high	overpotential	requirements	
that	compromises	the	overall	efficiency	and	limits	their	practical	implementation.	These	challenges	have	
fueled	extensive	research	into	the	design	of	electrocatalytic	systems	with	potential	to	facilitate	selective	
and	efficient	heterogeneous	electron	transfer,	particularly	in	contexts	such	as	fuel	cells,	electrosynthesis,	
and	electrochemical	sensing.	Most	studies	reported	so	far	in	this	regard	have	focused	on	the	design	and	
development	of	electrocatalytic	electrode	materials	and	additives	(molecular	electrocatalysts),	with	just	
few	reports	about	the	design	and	development	of	electrocatalytic	electrolytes.	Over	the	last	few	years,	our	
and	 few	other	research	groups,	have	demosntarted	 the	potential	use	of	aqueous	solutions	of	Surface-
Active	Ionic	Liquids	(SAILs)	as	potential	green	electrocatalytic	electrolytes	for	electrochemical	sensing,	
electrochemical	synthesis	and	electro-catalytic	detoxification	of	environmental	pollutants1,2,3,4.	We	have	
demonstrated	 that	 the	 special	 ability	 of	 SAILs	 to	 organize	 into	 interface-localized	 or	 bulk	 phase	
distributed	 organized	 structures	 with	 ability	 to	 stabilize,	 solubilize	 and	 activate	 a	 variety	 of	 electro-
analytes	or	electrogenerated-analytes	offer	distinct	electrochemical	advantages	to	these	systems.	These	
fetures	endow	SAILs	with	electrochemical	advantages	not	accessible	with	conventional	solvent	systems.	
Results	from	our	detailed	electrochemical	 investigations,	showcasing	 the	selective	and	highly	efficient	
electrocatalytic	 dehalogenation	 and	 electrocarboxylation	 of	 halocarbons	 and	 pinacol	 coupling	 over	
inherently	non-catalytic	electrodes	with	aqueous	micellar	solutions	of	imidazolium	based	SAILs,	will	be	
presented3,4,5,6,7.	 The	 findings	 to	 be	 presented	 we	 belive	 highlight	 the	 underappreciated	 potential	 of	
electrocatalytic	electrolytes	as	key	components	in	next-generation	green	electrochemical	technologies.	 	
Keywords:	Surface	Active	 Ionic	Liquid,	Electrodehalogenation,	Electrocarboxylation,	pinacol	coupling,	
CO2	Electroreduction	
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