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Reconstructions Revive Active Centers

Surface reconstruction can be an effective strategy to improve the performance of catalysts.

ydrogen energy obtained from a water-splitting reaction is a green and renewable source of energy, but the sluggish

kinetics of the water-splitting half reactions—the hydrogen and oxygen evolution reactions (HER and OER, respectively)
that can be performed under both acidic and alkaline conditions, are a major drawback. The development of efficient and
robust catalysts to split water is hence a critical topic for the energy-conversion field. Many recent studies revealed that the
presence of defects, such as vacancies, boundaries and stacking faults in nanomaterials can promote significantly their pho-
tocatalytic or electrocatalytic activity, but the exact role of a defect structure in catalysts for OER or HER, which is a dynamic
process, remains unclear. Study of the structure-activity relation of defective electrocatalysts under operando conditions is
thus crucial for an understanding of their intrinsic reaction mechanisms and the dynamic behavior of defect sites.

Shuangyin Wang (Hunan University, China) and his coworkers recently constructed pure spinel Cos0,4 and Vo-rich Cos0, as
catalyst models to study the defect mechanism and to investigate the dynamic behavior of defect sites during the electrocat-
alytic OER with various operando characterizations. From operando X-ray-absorption fine-structure (XAFS) spectra recorded
at TPS 44A," the results demonstrated that the oxygen vacancies were filled first with OH* for Vo—Co30, and facilitated pre-
oxidation of low-valence Co and promoted reconstruction or deprotonation of intermediate Co-OOH". For example, Co
K-edge data were collected under the critical potential (recorded at OCP to 1.75 V vs. RHE), as plotted in Fig. 1. The valence
state of Coions in Vo—Co0304 has a more rapid oxidation than the slow rise of the valence state of Co ions in pure Cos04. When
the anode potential continues to increase and the surface charge cannot oxidize Co(IV) to a higher valence state, electrons
are removed from surface oxygen; this effect causes oxygen to escape, accompanied by structural reconstruction. Because of
the stronger attraction of the Co sites for the O, electron at a high anode potential, the deprotonation of the medium OH"
(M-OH") becomes facilitated. Because of the enhanced electrophilicity of the exposed cobalt sites, Vo is hence likely to pro-
mote the adsorption of OH ions on active Co sites to form adsorbed M-OH® species and subsequently prompt the deprotona-
tion at a low potential (i.e., 1.45 V) to form active oxygen species (Co-OOH") on the surface, which accounts for the enhanced
OER activity. The surface chemistry of Vo—Co30. is clearly more easily changed through reconstruction from the oxide into
Co—OOH® intermediate species.
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Local structural analysis of D-IrTe2 and DO-IrTe; HNS. (a) Normalized Ir Ls-edge XANES profiles of DO-IrTe; and D-IrTe2 HNS. The profiles of pristine
IrTe2 HNS, commercial Ir/C and IrO: are included as references. Normalized XANES profiles of (b) D-IrTe2 HNS, (c) Ir/C, (d) DO-IrTe, HNS, and (e)
IrO; at varied potential. The dotted lines in (b)-(e) represent the profiles obtained when the applied potential was decreased to the initial value.
(f,9) k>~ Weighted Fourier transforms of EXAFS profiles of DO-IrTe; HNS and D-IrTe. HNS. The profiles of bulk IrTez, Ir/C, and rutile-type IrO: are
included as references. k*-Weighted Fourier transforms of EXAFS profiles of (h) IrO; and (i) DO-IrTe. HNS at varied potentials. The vertical dashed
lines indicate the Ir-O (grey) and Ir-Ir (blue) radial distances of IrO; and Ir/C, respectively. (j) The Ir-O distance in DO-IrTe2 HNS and IrO; was deter-
mined with EXAFS analysis data as a function of the applied potential. [Reproduced from Ref. 2]
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demonstrated that the generation of defects in D-IrTe; and DO-IrTe, HNS during electrochemical reconstruction could reg-
ulate the local coordination environment and electronic structure of Ir, and thus boost the electrochemical water-splitting

reaction.

Shaohua Shen (Xi'an Jiaotong University, China) and his coworkers recently developed also a ternary nanostructured a-Fe,0s/
Au/TiO, film for photoelectrocatalytic water splitting. Under simulated solar illumination, the photoanode as prepared exhib-
ited a four-fold increase in photocurrent density relative to bare a-Fe,0s. Recording soft XAS at TLS 20A1,* Shen's team eluci-
dated the origin of the enhancement and the underlying mechanisms determining the photoelectrocatalytic water-splitting
performances, as shown in Fig. 3. Based on systematic investigations, it is proposed that Au NP extract photoholes from the
bulk of an a-Fe,0; core and then shuttle them to the outer TiO, overlayer; this TiO, overlayer concurrently efficiently captures
and stores the photoholes and facilitates the hole injection into the electrolyte. The remarkably improved photoelectrocat-
alytic water-splitting performance of an a-Fe,Os/Au/TiO, photoanode is thus attributed to the significant suppression of
recombination of bulk and surface charge by means of the relayed pumping of the photogenerated charge carriers through
the photoanode and electrolyte interfaces reconstructed by Au NP and the TiO, overlayer.
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Fig. 3: XAS of (a) Fe L-edge, (b) Ti L-edge, and (c), (d) O K-edge; right part of (a) and left part of (d) are the corresponding enlarged regions marked
with dashed boxes. (e) Ti L-edge and (f) Fe L-edge in darkness. Peaks in (e) are deconvoluted into three components (peaks A, B and C); the solid
lines in the inset represent the tested data and the circles indicate the fitted spectra. (g) O K-edge of a-Fe,0s/Au/TiO (red solid line) and a fitted
spectrum (open solid circles) calculated from a linear combination of spectra of a-Fe.0s/Au and a-Fe,0s/TiO.. [Reproduced from Ref. 3]



Energy Science 063

In summary, these three works here offer an ideal model of interface reconstruction at the atomic and electronic structures
for the water-splitting reaction. These could promote the fundamental research for the design of efficient catalysts via inter-
face engineering. (Reported by Yan-Gu Lin)

This report features the work of Shuangyin Wang and his collaborators published in J. Am. Chem. Soc. 142, 12087 (2020); the
work of Xiaoqing Huang and his collaborators published in Adv. Funct. Mater. 30, 2004375 (2020),; and the work of Shaohua
Shen and his collaborators published in Appl. Catal. B-Environ. 260, 118206 (2020).

TPS 44A Quick-scanning X-ray Absorption Spectroscopy
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