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ABSTRACT: Manipulating the spin ordering of the oxygen
evolution reaction (OBER) catalysts through magnetization has
recently emerged as a promising strategy to enhance performance.
Despite numerous experiments elaborating on the spin magnetic
effect for improved OER, the origin of this phenomenon remains
largely unexplored, primarly due to the difficulty in directly
distinguishing the spin states of electrocatalysts during chemical
reactions at the atomic level. X-l.‘a]r emission spectroscopy (XES),
which provides information sensitive to the spin states of specific
elements in a complex, may serve ax a promising technique to
ditferentiate the onzet of OER uaml:.-ti.: activities from the influence

Spin Magnetic Effect on OER

) e
Enargy (oW}

Tez0
o w
1":.“

of spin state< In this work, we employ the in situ XES technigque, along with Xeray absomption spectroscopy ( XAS), to investigate the
inmrpl:.}r between atomic/electronic structures, spin states, and OER catalytic activities of the CalFe,(0, (CFO) catalyst under an
external magnetic feld. This enhancement is due to the spin magnetic effect that facilitates spin-sekective electron transfer from
adsorbed OH™ reactants, which strongly depends on the spin configurations of the tetrahedral-(T,) and octahedral-( 0] sites of bath
Fe and Cao ions. Our result contributes 1o a comprehensive undr_nundini; af magmnetic field-assisted electrocatalysis at the atomic
level and paves the way for designing highly efficient OER catalysts.

1. INTRODUCTION

Flectrochemical water splitting, comprising hydrogen evolution
reaction (HER) and oxygen evolution reaction {OER), ks a
highly promising technology for generating clean hydrogen
cssential for sustainable energy conversion.™ The major
challenge lies in finding efficient, cost-cffective, and durable
catalysts to enhance the cathodic HER and anodic OER at low
overpotentials, In particular, the high activation barrders and
sluggish kinetics of OER limit the overall efficiency of water
electrolysis, so there is an ungent demand for low-cost, efficient,
and stable catalysts for QER™ The general steategy to design
electrocatalysts with improved performances s cither increas-
ing the number of active sites” or enhancing the intrinsic
activity of individual active sites” Because the ground state of
dioxygen ix a spin briplet with about 1 eV lower than the
excited state of dioxygen and the reactants {(H,O and QH™)’
which are a spin singlet, manipulation of electronic spin has
recently emerged ax a promising  strategy to boost  the
performance of OER catalysts” Spinopolariced electrons on
the cala':,mt surface th a crucial role in proamsting the
generation of parallel spin-aligned oxygens, thereby enhancing
the performance of the OBER. This enhancement is often
ohserved when interatomic fcmuna.w'ml:ic {i"M} interactions of
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the catalyst dominate, which fcilitates the spin-selective
glestron transfer from  singlet reactants to form griplet
dissxygen, Consequently, this mechanism leads to improved
catalytic activity, as explained by the theory of quantum spin-
exchange Interactions (QSE1L" Further magnetization by an
external magnetic field may increase the spin polarization of
FM catalysts, thus enhancing the OER performance.

Several research groups have experimentally demonstrated
the spin magnetic effect on OFER. They have shown that
applying a direct magnetic field can enhance electrocatalytic
water oxidation, with the enhancement positively correlated
with I'I'Iﬂﬁl'll:[‘li‘.-l!l'LHLm_l'a For example, Galin-Mascards et al,
reported that the QOER activity of group VI metal oxides, such
as MNitnFel),, is ':igl’!iﬁ::tl‘ltl? enhanced when an external field
i applicd."™ Xu et al. revealed that spin polarization induced by
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