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The research problem 
Define the problem   

 

Hydrogen is regarded as one of the most promising clean energy carriers that can be utilized in mobile and stationary 

applications without greenhouse gas emissions. One of the factors delaying rapid transition to the “hydrogen economy” 

is the lack of suitable hydrogen storage and transport systems. A potential way to safely store/ transport H2 is to store it 

in the form of a liquid carrier, which can be reversibly cycled by hydrogenation and dehydrogenation reactions to 

capture and release hydrogen. Ammonia and formic acid are promising liquid hydrogen carriers (LHCs).  

 

The success of LHC technology depends on the efficient dehydrogenation and hydrogenation of the liquid fuel carrier 

to release and store H2. Catalysts are essential to conduct these reactions at low reaction temperatures, high 

conversions, desirable product selectivity, and acceptable techno-economics. Current state-of-the-art catalysts for 

dehydrogenation of LHCs fall short on several fronts, often requiring high temperatures to overcome kinetic limitations, 

and forming unselective by-products, that can complicate downstream operations. Hence, the development of active 

and selective dehydrogenation catalysts, that can conduct the reaction at low temperatures, is crucial for the use of 

LHCs as hydrogen storage/ transport medium.  

 

This project aims at the design and development of novel “single atom” catalysts for the selective dehydrogenation of 

liquid organic hydrogen carriers such as ammonia and formic acid. Single atom catalysts are emerging catalytic 

materials with atomically dispersed metal sites acting as active centres for catalysis, that have demonstrated 

unprecedented selectivity in various catalytic applications. In this project, we aim to use a combined theoretical and 

experimental approach to rationally design, synthesize, and investigate single atom catalysts for selective low-

temperature LHC dehydrogenation.  

 

Research in this direction can lead to significant technological advances in the techno-economic feasibility of safe 

onboard storage and transport of hydrogen, that is a key requirement for successful transition to a sustainable, CO2-

free hydrogen economy. 

 

 

Project aims 
Define the aims of the project 

 

The overall goal of the project is to develop effective catalytic materials for low-temperature and selective 

dehydrogenation of liquid hydrogen carriers, and to gain clear fundamental understanding of the nature of active sites 

for selective dehydrogenation catalysis.  

 

The specific aims of the project are: 

 

1. To synthesize single atom catalysts (using noble/non-noble metals on microporous supports like metal-organic 

frameworks and zeolites) for selective low-temperature dehydrogenation of LHCs such as formic acid and 

ammonia. 

2. To experimentally identify the catalytically active sites and develop clear correlations between the catalyst structure 

and catalytic activity, selectivity, and favoured reaction mechanism.  

3. To verify experimental understanding of catalytic structure-property relations and reaction mechanism using 

theoretical DFT (density functional theory) calculations. 

 

What is expected of the student when at IITB and when at Monash? 
Highlight how the project will gain from the students stay at IITB and at Monash 

 

At IITB: 

• Conduct experiments to synthesize a series of single atom catalysts using noble/ non-noble metals (Ni, Co, 

Rh, Pt) supported on microporous supports like metal-organic frameworks and zeolites. 

• Characterize the synthesized single atom catalysts using techniques such as TEM, XRD, TPDRO, XPS, BET 

to determine physicochemical properties. 

• Study the catalytic performance of the synthesized single atom catalysts in the selective dehydrogenation of 

formic acid or ammonia. 



• Develop hypothesis on active site identification and structure-property relations between catalyst structure 

and performance. 

• Develop a DFT model for the single atom catalyst to theoretically verify hypothesized structure-property 

relations. 

 

At Monash: 

• Conduct advanced characterization of single atom catalysts using STEM and XAS to confirm atomic 

dispersion of metal sites. 

• Conduct operando experiments to gain insights into reaction mechanism and key reaction intermediates. 

 

 

Expected outcomes 
Highlight the expected outcomes of the project 

 

The proposed research aims to design, develop, investigate, and optimize novel catalysts for the efficient and 

selective release of hydrogen from liquid hydrogen carriers, and to uncover scientific understanding of the 

fundamental relations between nature of sites and their catalytic performance. 

  

The outcomes of this research can potentially lead to significant technological advances in the efficiency and techno-

economic feasibility of reversible chemical storage of hydrogen in the form of liquids, that is a key step for the large-

scale use of hydrogen as clean alternate fuel in transport and other energy sectors. 

 

How will the project address the Goals of the above Themes? 
Describe how the project will address the goals of one or more of the 6 Themes listed above. 

 

The proposed project on the development of advanced catalysts for applications in green hydrogen storage is 

expected to address the goals of clean energy, circular economy, smart materials, and advanced computational 

modelling themes in the following ways: 

 

• Clean Energy: Hydrogen is regarded as the ultimate “clean energy” carrier, causing zero emissions during 

combustion. The project aims to develop more efficient catalysts that can process liquid hydrogen carriers to 

reversibly release hydrogen at the point of consumption - which is crucial for safe and economic storage and 

transport of hydrogen for applications in transport and other energy sectors.   

 

• Smart Materials: The project aims to design, synthesize, and optimize advanced catalytic materials described as 

“single atom catalysts” for applications in futuristic H2 storage technologies. Single atom catalysts are a class of 

novel and highly fascinating smart materials that use isolated atoms of catalytically active metals to conduct 

selective catalysis (as opposed to bulk metal or metal nanoparticles in conventional catalysts). Since their 

discovery a decade back, single atom catalysts have opened a new frontier in catalysis research and has the 

potential of revolutionizing challenging catalytic processes, while simultaneously minimizing the requirement of 

precious metals required to constitute the catalyst. This study aims to rationally design and synthesize such 

materials for LHC dehydrogenation and to fundamentally understand the correlations between the composition 

and molecular-scale structure of these materials and their catalytic properties using both experiment and 

computation. The development of such new catalyst materials and a molecular scale understanding of their 

properties can lead to the design of more efficient and sustainable catalysts for clean hydrogen technologies. 

 

• Advanced computational modelling: The project will use advanced computational modelling tools, such as DFT, 

to model the behaviour of the developed catalyst systems. These theoretical calculations can lead to a better 

understanding of structure-property relations for catalyst design and can be used to further tune the catalyst 

structure for optimal performance in a specific application. 

 

Potential RPCs from IITB and Monash 
Provide names of the potential research progress committee members (RPCs) and describe why they are most suited 

for the proposed project 

 

IITB:  

 

• Prof. Sanjay Mahajani 

• Prof. Abhijit Chatterjee 

 

Monash: 



 

• Prof Paul Webley 

• Prof Sankar Bhattacharya 

 

Capabilities and Degrees Required 
List the ideal set of capabilities that a student should have for this project. Feel free to be as specific or as general as you like. These 

capabilities will be input into the online application form and students who opt for this project will be required to show that they can 

demonstrate these capabilities. 

 

• Undergraduate in Chemical Engineering or in Chemistry.  

• Knowledge of chemical reactions, reaction kinetics.  

 

 

Necessary Courses    
Name three tentative courses relevant to the project that the student should complete during his/her coursework at IITB (the student 

will require to secure 8 point in these courses) 

 
• CL 605  Advanced Reaction Engineering 

• CL 501  Computational Methods in Catalysis 

• CL 607          Advanced Thermodynamics 

 
 

 

Potential Collaborators 
Please visit the IITB website www.iitb.ac.in OR Monash Website  www.monash.edu  to highlight some potential collaborators that 

would be best suited for the area of research you are intending to float.  

 

 

 

 

 

Select up to (4) keywords from the Academy’s approved keyword list (available at 

http://www.iitbmonash.org/becoming-a-research-supervisor/) relating to this project to make it easier 

for the students to apply.  

• Catalysis and reaction engineering 

• Novel functional materials 

• Green chemistry and renewable energy 

• Computational and theoretical chemistry 
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