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Over the past few decades, the energy demand is increasing 

at rates never seen before. The fossil fuel consumption has 

given us an unprecedented set of problems such as green 

house gas emission, global warming, and climate change. 

More countries are adopting renewable energy resources to 

cater for the extra need and environmental concerns. 

Hydrogen fuel caught special attention of the researchers 

because of its versatility to be employed in zero carbon 

emission energy conversion applications such as PEM fuel 

cells which produces only water as a by-product. However, 

the prevalent steam reforming process for producing 

hydrogen, causes green house gas (CO2) emission and is very 

energy intensive process. Green hydrogen production from 

water electrolysis is viable and sustainable option but is often 

restricted due to expensive noble metal catalyst platinum 

used both at anode and cathode side (1). There is need to 

replace this noble metal with earth abundant low-cost metals. 

Transition metals dichalcogenides based upon iron, nickel 

and sulphur are among the promising candidates which have 

shown their potential as HER electrocatalyst along with 

molybdenum sulphide and tungsten disulphide (2). To further 

improve the active sites and intrinsic catalytic activity of 

these electrocatalyst, there are various techniques such as 

making nanostructures, using support materials, controlling 

shape, alloying, core-shell, elemental doping, etc. (3). Doping 

with foreign atoms can change the band gap from insulator to 

semiconductor to metallic behaviour. 

 

Hence, in this study, we see the effect of boron doping on 

iron nickel sulphide which can alter the basal plane to make it 

active along with the edges. Further, fine tuning the intrinsic 

activity of nanostructured and layered Fe-Ni-S chalcogenide 

electrocatalyst structure by varying the boron doping levels 

and see the improvement in the HER performance. 

 

 

 

Figure 1. Three-electrode electrochemical setup for HER 

performance tests. The inset is the SEM image showing 

morphology of the obtained material. 

 

First, we synthesized layered transition metal dichalcogenide 

(S) electrocatalyst based upon low-cost earth abundant metals 

(Ni, Fe) for hydrogen evolution reaction (HER) for low pH 

electrolyte. Further, by varying the boron’s molar ratios, the 

intrinsic activity is fine tuned to improve the HER 

performance. Different characterization techniques employed 

such as XRD, XPS, SEM, and BET verified the desired 

structure, morphology and chemical composition. HER 

performance was evaluated by linear sweep voltammetry 

from which three important parameters: overpotential at 10 

mA/cm2, Tafel slopes and exchange current density were 

extracted which gave insights into the HER reaction 

mechanism and electrochemical kinetics. Figure 1 shows the 

three-electrode electrochemical setup for HER performance 

tests. The results showed that low boron doping level 

improves the HER performance the most. These layered 

electrocatalysts can be grown on high surface area and highly 

conductive surface such as graphene to accelerate the green 

hydrogen generation. 
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