Facile construction of 3D integrated nickel phosphide composite as wide pH-tolerant electrode for hydrogen evolution reaction
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Abstract 
Hydrogen, H2, has been proposed to be a clean and carbon-neutral fuel to replace the fossil fuels. Compared with steam reforming of natural gas, water electrolysis represents a much cleaner and more sustainable approach to H2 generation, but is underdeveloped. Platinum (Pt) has so far been the most efficient and commonly used electrocatalysts for hydrogen evolution reaction (HER). But it is not practical and economically viable to use Pt on a large scale because of its high cost and scarcity in the earth crust. To deploy electrolyzers widely and to make the electrolyzed H2 fuel economically competitive, it is important to develop inexpensive, earth-abundant electrocatalysts to promote the HER. Transition metal carbides, sulfides, selenides, and nitrides have triggered a worldwide investigation on their electrocatalytic performance towards HER, due to their unique electronic configuration similar to that of Pt near the Fermi level [1,2]. Very recently, transition metal phosphides (TMPs), such as Ni2P [3], Ni5P4 [4], CoP [5], FeP [6], Fe2P [7], MoP [8], Cu3P [9], etc, have emerged as a new class of catalysts which have shown sufficiently high electrocatalytic activity and excellent stability toward the HER in acidic electrolytes. 

Here, we report a facile route to construct integrated 3D nickel phosphide composite electrodes using gas-solid reaction between phosphorous vapor and nickel deposit. This contributes to the architecture of nanostructured nickel phosphide uniformly supported onto a 3D conductive network electrode. In acid solution (pH=0), to afford a cathodic current density of 10, 20, 100 mA cm-2 overpotentials as small as 98, 116 and 162 mV are needed, respectively, for this novel 3D nickel phosphide composite electrode. In alkaline solution (pH=14), to afford a cathodic current density of 10, 20, 100 mA cm-2 only overpotentials of 117, 150 and 250 mV are required. In addition, the integrated electrode also exhibits excellent long-term stability and durability, retaining its microstructure even after extended electrocatalytic tests. Therefore, this integrated 3D nickel phosphide composite electrode will find promising prospects in actual large scale application for electrochemical hydrogen production. 
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