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Heterogeneous single-atom spincatalysts combined with magnetic

fields provide a powerful means for accelerating chemical reactions with
enhanced metal utilization and reaction efficiency. However, designing
these catalysts remains challenging due to the need for a high density of
atomically dispersed active sites with a short-range quantum spin exchange
interaction and long-range ferromagnetic ordering. Here, we devised a
scalable hydrothermal approach involving an operando acidic environment
for synthesizing various single-atom spin catalysts with widely tunable
substitutional magnetic atoms (M, ina Mo5; host. Among all the M,/MoS,
species, Niy/MoS, adopts a distorted tetragonal structure that prompts
both ferromagnetic coupling to nearby 5 atoms as well as adjacent Ni, sites,
resulting in global room-temperature ferromagnetism, Such coupling
benefits spin-selective charge transfer in oxygen evolution reactions to
produce triplet 0., Furthermore, a mild magnetic field of -0.5 T enhances
the oxygen evolution reaction magnetocurrent by -2,880% over Niy/MoS,,
leading to excellent activity and stability in both seawater and pure water
splitting cells. As supported by operando characterizations and theoretical
calculations, a great magnetic-field-enhanced oxygen evolution reaction
performance over Niy/MoS, is attributed to a Reld-induced spin alignment
and spin density optimization over S active sites arising from field-regulated
S{p)-Mild) hybridization, which in turn optimizes the adsorption energies
for radicalintermediates to reduce overall reaction barriers,

Worldwide interest in hydrogen production from water clectrolysiswith
rencwable electricity has surged in recent years, sinoe a hydrogpen-based
econgmy representsone of the best energy alternat ives to the increas:
ing concerns over carbon ernissions and climate change' ", However,
the boatleneck for efMicient hydrogen production viawater elecurolysis
bes imthe sheggish kinetics of the oxygen evolution reaction (OER) with

the useol wance precious-metal-hased electrocatalysts” *, The sluggish
OER kinetics can be attributed toa multiple electron transfer process
with the formation of triplet-state molecular oxygen £ 0=0%) that
involves thespinchange ™, Despiteextensive elforss being devoted moit,
the design of efficient and robust nonepreclous-metal OER spin catalysis
with an abundance of desired active sites for the optimization of the

A full list of aliliations appears ot the end of the paper, | e-madl: chohuang@mail toedutw: 5i_shiboipartnornus.edu. sqr o THEmal sysuedu.cng

ehliml e IR [P+ ]

Matura Manotechnology



38.4

— Ni,/MoS, (502 mT)

o
B
]

g g ¥

(;-wo yw) Ausuap waung

350

=
i
-
=]
-
e ~
= —
L%,
o -
= _
B >
¥ 3 =
£ p
= =
uwy
-
>
=]
-
_

T
300

e

_.r .
¥ T T T
$ 8 8 &8 8 ©
o~ &4 - -

o (w2 yw)Aysusp uaung

o

Time (h)

Tirne (min)



