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Abstract: Proton adsorption on metallic catalysts is a prerequisite for efficient hydrogen evolution reaction (HER). However, tuning proton adsorption without perturbing metallicity
remains a challenge. A Schottky catalyst based on metal–
semiconductor junction principles is presented. With metallic
MoB, the introduction of n-type semiconductive g-C3N4
induces a vigorous charge transfer across the MoB/g-C3N4
Schottky junction, and increases the local electron density in
MoB surface, confirmed by multiple spectroscopic techniques.
This Schottky catalyst exhibits a superior HER activity with
a low Tafel slope of 46 mV dec@1 and a high exchange current
density of 17 mA cm@2, which is far better than that of pristine
MoB. First-principle calculations reveal that the Schottky
contact dramatically lowers the kinetic barriers of both proton
adsorption and reduction coordinates, therefore benefiting
surface hydrogen generation.

Hydrogen

is undeniably pursued as one of the most
promising green energy carriers to meet sustainability imperatives.[1] Molybdenum-based electrocatalysts (such as MoS2,
Mo2C, MoO2, MoP, and MoB) are emerging as a promising
class of noble metal-free catalysts for HER in both acid and
alkaline media.[2] Strongly dependent on their electron and
phonon structures, Mo-based catalysts exhibit a moderate
“Pt-like” hydrogen binding energy on catalytic centers and
a metallic-like transport nature in solid.[3] Thus, it is widely
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accepted that further optimization of their catalytic performance lies in more precise tuning of the electron and phonon
behaviors.[3, 4] Many advances have been reported during the
last decade, including creating vacancies,[3c, 5] phase transformation,[3b, 4a, 6] or band engineering,[4b, 7] which successfully
endow additional active sites to Mo-based catalysts for
boosting HER catalysis. However, these tactics often inevitably alter the electron transport property at the same time. In
particular, the excessively introduced defects may disorder
the primitive lattice and induce the anisotropic scattering of
phonons, leading to sharp decreases in electron transport
efficiency and loss of activity.[3c, 8] Given this, an effective
strategy for catalyst surface modulation without perturbing
interior conductivity is urgently required.
A Schottky junction, formed at the metal–semiconductor
interface, is usually introduced to generate the built-in electric
field and enhance the charge separation and transportation
for the operation of many semiconductor devices. The
difference in Fermi levels between metal and semiconductor
sides drives the charge flow propagated by electrons or holes
until the system reaches equilibrium, followed by band
bending and Schottky barrier formation (Figure 1). Rational
selection of a semiconductor with suitable majority-carrier
type and band structure to build a delicate Schottky junction
can adjust the surface charge density of metallic catalyst for
specific catalytic reactions.[9, 10] For cathodic HER, a metallic
surface with enriched electron density could lead to the
stabilization of adsorbed hydrogen and catalytic activity
enhancement.[2, 3] In this regard, designing an ingenious Mobased Schottky catalyst to achieve more efficient HER,
without introducing new lattice defects, is highly desirable,
but still waiting to be developed.
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Figure 1. Energy band diagrams of metallic MoB and n-type semiconductive g-C3N4 before (a) and after Schottky contact (b).
Evac = vacuum energy, Ec = conduction band, Ev = valence band,
EF = Fermi level, F = vacuum electrostatic potential, c = vacuum ionization energy, V = electric potential, e = electric charge, W = depletion
region.
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