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The hydrogen/oxygen evolution reaction (HER/OER) has been well-studied for design and synthesis of effi-
cient electrocatalysts. To further enhance electrode performance, the hierarchical porous architecture is used
to obtain large surface area and efficient mass transport. Recent studies were performed to reveal the impact
of porous/mesh electrode surface wettability on bubble dynamics, which governs the overall interfacial mass
transport during gas-evolving reactions and the associated overpotential. In fact, the quantitative relation-
ship between the electrochemical process and bubble dynamics on porous electrodes is still unclear due to the
sophisticated structure and difficulty in imaging bubbles at microscale. Here, we report the bubble dynamics
and overpotential loss on hierarchical porous nickel phosphide electrode during electrocatalytic water split-
ting. The three-dimensional hierarchical structure of porous Ni5P4 powder coated Ni foam (p-Ni5P4@Ni)
includes nano-pores ranging from 50-500 nm (from porous Ni5P4 powder) and micro-pores ranging from 200-
600 μm (from Ni foam), and this porous structure is able to achieve outstanding catalytic performance with
an overpotential of 145 mV for HER and 197 mV for OER at 10 mA/cm2. Our high-speed imaging results
on p-Ni5P4@Ni show that the bubble departure size is about 10-50 micron, and the bubble number density
and departure frequency increase linearly with the current density. Nano-pores of Ni5P4 provide abundant
cavities to H2 bubble nucleation and subsequent inertia-controlled growth, especially under high current den-
sities. This is totally different from H2 bubbles, nucleating and growing in a diffusion-controlled mode, on
smooth surface of macro pores of clean Ni foam. For our porous Ni5P4@Ni electrodes, both the low transport
and intrinsic overpotential contribute to the exceptional electrocatalytic performance.
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