
ANNEXURE I 

Title: Ab-intio-Molecular Dynamics Simulations for the Selection and Evaluation of Kinetic 
Mechanism in Liquid Organic Hydrogen Ca~riers (LOHC) 

Proposal 

L ~qUid Organic Hydrogen Carriers(LOHC) has hydrogen which can be delivered across 
distances. This transport mechanism is based on a two-step cycle: (1) hydrogen 
loading/storage (hydrogenation) into the LOHC molecule and (2) hydrogen unloading/release 
(de-hydrogenation). Hydrogen is covalently linked to the particular LOHC throughout the 
stor~~e period. Because the (ideal) LOHC is liquid at room temperature and has comparable 
qualities to crude oil-based liquids (e.g., diesel, gasoline), it is readily handled, transported, 
and stored; consequently, a phased . implementation of utilizing existing crude oil-based 
infrastructure is viable. 

Knowledge Gap 

Catalytic hydrogenation and dehydrogenation is a key reaction for the generation of the 
adsorption and generation of hydrogen as below (Figure 1). Previous experimental studies on 
the hydrogenation/dehydrogenation reactions did not provide a detailed kinetic pathways. The 
mechanism of the hydrogenation/dehydrogenation reactions depends on both structural 
composition and the severe working condition. Hence, the relevant information for . 
hydrogenation is not fully accessible. As a result, it is very difficult to perform an in-situ analysis 
of these reaction systems. The Ab-initio MD methods are capable of describing the bond 
breaking, bond formation and chemical reactivity in the catalytically induced environment. 
Thus, it has been developed as an effective method for studying complex chemical reactions 
and other complicated phenomena under extreme conditions. So, to simulate such kind of 
reactions, Molecular Dynamics (MD) simulations involving bond breaking and bond formation 
is desired. This is typically implemented in the Ab-initio-MD based programs, which provide 
suitable mechanism using a computationally affordable time scale. 

( 
From Electrolysis 

~ N 

+ 6 H2 

Unloaded LOHC 

N-ethylcarbazole 

Exothermic 
Catalyst 
Solvent 
Temperature 
Pressure .. 
~ 

Endothermic 
Catalyst 
Soh'ent 
Temperature 
Pressure 

( 
N 

\ Loaded LOHC 

. ~ perhydro-N-ethylcarbazole 

6 H2 

Fuel Cell/Hydrogen Burner 

Figure 1: Representative LOHC Process (Neirmanri et aI., International Journal of Hydrogen 

Energy, 44(20 ~ 9)6631-6654 



/ 
Reaction mechanisms, reaction and activation energies along with rate constants can 

be obtained in these systems with respect to both hydrogenation/dehydrogenation reactions. 
The outcome is anticipated to provide a comprehensive portrayal of . the 
hydrogenation/dehydrogenation reactions at atomistic level and afford a reference for viable 
application. The reaction barriers of pristine and N-substituted systems for the 
dehydrogenation reactions shall be studied. For e.g., the reaction rate constant (k) and 
activation energy (Ea) from simulation/experimental results quantitatively using the nth order 
kinetics and Arrhenius expression. Here, the extended focus is the intermediate reaction 
mechanisms followed by degradation of PAH to form smaller stable products. 

Objectives: 

1. Initiate OFT studies especially HOMO-LUMO analysis to check chemical reactivity 

2. Conduct Hydrogenation and Dehydrogenation reactions of representative LOHC with 
Ab-initio MD simulation. 

3. Investigate reaction mechanism, the intermediate product distributions, along with the 
correlated kinetic behavior as in 2. 
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