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Abstract 
 

The global energy crisis and adverse effects of climate change are driving forces for exploration of sustainable, 
renewable, and ecofriendly energy sources. Significant attention has been turned towards molecular hydrogen 
which has been considered as a clean fuel and one of the most promising energy sources. Electrochemical water 
splitting is presumed to be a sustainable process for large scale hydrogen production. Therefore, development of 
a sustainable catalyst that can lower the overpotential for hydrogen generation is important to improve the overall 
process. Noble metals such as platinum are considered the highly active electrocatalysts for hydrogen generation, 
but their prohibitive cost and low abundance have become a major obstacle that impedes the applications of 
hydrogen evolution reaction (HER). Thus, exploring stable, cost effective, and earth abundant electrode materials 
such as transition metals to replace noble metals have become an important goal. Identification of electrochemical 
parameters and understanding descriptors of HER are important to the development of highly active catalysts.1 
Hydrogen adsorption and desorption behavior on the catalyst is a major parameter to consider when designing 
efficient catalysts for HER via orbital modulation.2 The d orbitals of the transition metals in the catalyst can be 
influenced by orbital modulation to enhance catalytic performance for HER. Investigating the role of the d band 
center (an indicator of hydrogen binding) provides a key to a rational catalyst design and thus tuning the position 
of the d band by varying surface compositional ratio of transition metals is beneficial when understanding catalytic 
properties of metal electrocatalysts.3  Given that both water discharge and hydrogen adsorption free energy affect 
the activity of electrocatalysts for HER, it is critical to balance the adsorption of hydrogen and  hydroxyl species.4 

Therefore surface reactivity of the catalyst can be optimized by doping different transition metals with favorable 
hydrogen adsorption energetics. The electrochemical parameters such as onset potential, Tafel slope, 
overpotential, and electrochemically active surface area can be optimized for enhanced electrocatalysts with better 
efficiency towards HER.5 
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