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Fig. 1. (color online) Schematic diagram depicting the fabrication of periodic Mo metal catalytic electrodes.
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Fig. 2. (color online) Three dimensional AFM images for F2-Xmin samples: (a)-(e) X = 2, 4, 6, 8, 10 min.
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samples.
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Fig. 5. (color online) (a) Schematic diagram of the three-electrode configuration for electrochemical mea-

surements; (b) linear sweep voltammetry; (c) Tafel plots and extracted Tafel slopes; (d) surface area ratios

from AFM measurements for F2-Xmin samples.
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Fig. 6. (color online) (a) Schematic diagram of the equivalent circuit used to fit Nyquist impendency spectra;

(b) measured Nyquist plots; fitted (c¢) Rs and (d) Rct values against etching times for F2-Xmin samples.
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Abstract

To verify that the molybdenum metals exhibit similar catalysis characteristics as the related molybdenum com-
pounds, i.e. molybdenum selenide (MoSez2) and molybdenum sulfide (MoS2) which have been well known as the high-
performing catalysts for hydrogen evolution reactions, we may thus seek a low-cost, process-simplified, scalable, and
highly-catalytic counterpart. We prepared periodic molybdenum (Mo) metal catalytic electrodes by employing self-
assembled polystyrene (PS) spheres prepared with a sauna-like method as templates, followed by a reactive ion etching
(RIE) process with oxygen gas and a double-layer deposition by low-temperature magnetron sputtering. By controlling
the etching time of oxygen gas on PS spheres during the RIE process, the lateral and vertical feature sizes of Mo catalytic
electrodes can be efficiently controlled, thereby having various surface area ratios. According to surface morphologies
from atomic force microscopy, electrochemical linear sweep voltammetry, Tafel, and impendency measurements, we have
found that the surface roughness and surface area ratios of Mo metal catalytic electrodes can be enhanced by prolonging
the etching times of PS spheres, thereby reducing the charge transfer resistances and Tafel slopes, and then improving the
hydrogen evolution reactions at the catalysts/electrolyte interfaces. We attribute this improvement to the fact that the
Mo metal catalytic electrodes can efficiently form beneficial Schottky junctions with the electrolyte to enhance the carrier
transportation, and the increased surface area ratios can improve the effective area of the Schottky junctions, thereby
enhancing the carrier transportation at the catalysts/electrolyte interfaces. Tafel slope of the periodic Mo metal cat-
alytic electrodes in our work is as low as about 53.9 mV /dec, equivalent to highly catalytic materials MoSz (55 mV /dec)
and MoSez (105-120 mV /dec). The proposed periodic Mo catalytic electrodes, which combine a simple sauna-like self-
assembly process with a double-layer Mo architecture is scalable and simple; and the surface area of periodic Mo metal
catalytic electrodes can also be flexibly controlled, so that the low-temperature magnetron sputtered Mo metal catalytic
electrodes are cost-effective and highly compatible with various photovoltaic devices, highlighting the great potential to

form high efficient monolithic solar-water-splitting devices.

Keywords: catalysts, polystyrene spheres, molybdenum metal catalytic electrodes, hydrogen production
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