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Figure 1. (a)SEM images of F-NiFe. (b)In-situ CV activation of the F-NiFe and NiFe in 1.0 mol/L KOH. The inset shows the F~

content leached from the catalyst as a percentage of the total amount of F in the catalyst. (c)The 7 values at 10 mA - cm™ and the
TOF (based on the total number of electrochemically accessible Ni and Fe cations) at =300 mV of the F-NiFe-A and the NiFe-A.
Reproduced with permission from Ref. [32]. Copyright 2020, Elsevier. (d) LSV curves of NiMoFeO@ NC during the rapid and
deep self-reconstruction. (e)In situ Raman spectra of NiMoFeO@ NC measured in 1 mol/L KOH at various potentials versus RHE
during the OER process. (f) SAED patterns of the reconstructed NiMoFeO@ NC. Reproduced with permission from Ref. [33].

Copyright 2021 , American Chemical Society.
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Figure 2. (a)Cyclic voltammograms of h-NiS and NiS . (b) Scan rate dependence of the current densities for NiS and h-NiS, at
0.65 V versus RHE. (c,d) SEM and the corresponding elemental mapping images of h-NiS after a 10 h OER stability test.
(e) Ni 2p,,, XPS spectra for the fresh and post-OER h-NiS, catalysts. Reproduced with permission from Ref. [45]. Copyright
2016, Wiley-VCH. (f) Schematic representation of the electrocatalytic generation of H, in alkaline media. FeOOH and Ni-H are the
formed surface adsorbed intermediates during the HER process, while, y-NiOOH is the observed surface intermediate under the OER
process. (g,h) In situ Raman spectra collected in a large wavenumber region from NiFe LDH during the HER and OER process in
1 mol/L KOH at various overpotentials vs. RHE. Reproduced with permission from Ref. [46]. Copyright 2021, Royal Society of
Chemistry. (i,j) k’-weighted Fourier transforms of EXAFS profiles of DO-IrTe, HNSs and D-IrTe, HNSs. (k,1) Atomic-resolution
HAADF-STEM images of D-IrTe, and DO-ItTe, HNSs. The yellow arrows and dashed/solid lines highlight different defects. Repro-
duced with permission from Ref. [47]. Copyright 2020, Wiley-VCH.
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Figure 3. (a) HRTEM images of a-Fe203-CNT. (b) C K-edge and (c) Fe L-edge soft X-ray absorption spectra for Fe,O,-CNT
and a-Fe,O;-CNT as a contrast. (d) Raman spectrum of Fe,O;-CNT compared with a-Fe,O;-CNT. Reproduced with permission
from Ref. [48]. Copyright 2021, Springer Nature. (e) The Pourbaix diagram for bulk Co and its compounds. (f) The Pourbaix
diagram for Co and its compounds with support. Reproduced with permission from Ref. [49]. Copyright 2021, Springer Nature.
(g) The LSV polarization curves for Ni, ;Sn@ triMPO, , triMPO,, and Ni, ;Sn after activation. (h)In situ Raman spectroscopy
measurements of Ni, . Sn@ triMPO, catalysts after 50th electrochemical activation. (i) Density of states (DOS) of Ni 3d orbitals in
Ni(Fe)OOH-Vo-PO, and Ni(Fe)OOH-Vo, respectively. Reproduced with permission from Ref. [50]. Copyright 2020, Wiley-VCH.
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Figure 4. (a) CV curves of NiMoO,. xH,O NMs/NF measured at 0.924—1.724 V (vs RHE) at 50 mV - s™'. (b)HRTEM images of
NiMoO, . xH, O at 0.924 V after 1 cycle. (c) Potential-dependent in situ Raman spectra of NiMoO, . xH, O at 0.924~-1.824 V(vs RHE)
with the interval voltage of 50 mV in 1 mol/L KOH, showing that NiMoO,. xH,O gradually reconstructs to CR-NiOOH. Reproduced
with permission from Ref. [52]. Copyright 2020,Elsevier. (d) SEM of the Ni-BDT and Ni NSs formed after electrochemical activa-
tion. (e) In-situ EXAFS and (f) LSV curves of Ni-BDT-A and other contrast samples. Reproduced with permission from Ref. [38].

Copyright 2017 ,Elsevier.
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Figure 5. (a,b) Operando XAFS visualizing structural self-optimization on Co,S;-SWCNT during the alkaline and neutral OER
process. Reproduced with permission from Ref. [13]. Copyright 2020, Royal Society of Chemistry. (¢) Normalized Co K-edge
XANES spectra of the Co,(OH),Cl and AC-Co,( OH),ClI under realistic OER and non-OER conditions as well as the 3-CoOOH
bulk. Inset: The pre-edge peak at about 7710 eV. (d) Co K-edge XAFS k*( x(k) ) oscillation curves of the Co,( OH),Cl subjected

to corresponding activation time. (e) Fourier-transformed Co K-edge EXAFS spectra and corresponding fitting curves for the AC-
Co,(OH),Cl. Reproduced with permission from Ref. [58]. Copyright 2019, Wiley-VCH. (f) Co K-edge XANES of LCF-700,

LCO-700 and 30nm Co NPs at open circuit and 1.52 V(vs. RHE) in 0.1 mol/L KOH. (g) FT-EXAFS of LCF-700, LCO-700 and
30 nm Co NPs at open circuit and 1.52 V (vs. RHE) in 0.1 mol/L KOH. (h) Schematic illustration of the formation process of
(Co/Fe)O(OH). Reproduced with permission from Ref. [59]. Copyright 2018, Royal Society of Chemistry.
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{7 XAFS. G 20 5 Bon T LAE RS 40 00 8. 298 T %% 48 B3 SCiik [ 60 ]. WM AX 2020, American Chemical Society. (d)
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NiFeO FT-EXAFS YGCHEFIXS B (K55 —72 2 (Ir-0) U, Vvl #5238 1 STHk[ 62 ]. AL 2020, Springer Nature.

Figure 6. (a)First cyclic CVs measured for pure Co,O, and Vo-Co,0, in 1 mol/L KOH. (b,c) Operando XAFS for Co K-edge of
pure Co,0, and Vo-Co,0,. The insets show a detailed view of the dotted boxes, respectively. Reproduced with permission from
Ref. [60]. Copyright 2020, American Chemical Society. (d) Pseudocapacitive behaviour in the first and second cycles of
CoFe, »Al, ,50, and CoAl,O, during CV cycling. (e,f) Normalized in situ Co K-edge XANES analysis (left axis) under 1. 05,
1.20, 1.42 and 1.52  V (versus RHE) with Co,0, as reference, as well as the in situ FT k’x(R) Co K-edge EXAFS (right ax-
is) under open circuit (OC) and 1.5  V (versus RHE) : CoAlL,O,(e) and CoFe, ,Al, ,sO,(f). Peaks I, II and III in the FT-EX-
AFS plots are assigned to M-O, M, -M,, and M, -M,, radial distances, respectively. Reproduced with permission from Ref. [61].
Copyright 2019, Springer Nature. (g) FT-EXAFS spectra of Ir foil, IrO,, np-Ir/NiFeP, and np-Ir/NiFeO. (h) Operando XANES
spectra of np-Ir/NiFeO recorded at Ir L3-edge under different applied voltages from OCV to 1.55 V versus RHE in 1. 0 mol/L KOH.

(i) Corresponding first-shell (Ir-O) fitting of FT-EXAFS spectra for np-Ir/NiFeO. Reproduced with permission from Ref. [62].
Copyright 2020, Springer Nature.
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Figure 7. (a,b)Ni K-edge normalized XANES and A-XAFS spectra of s-Ni(OH), and after OER. (c¢) operando SR-FTIR spectrum of s-
Ni(OH), during the OER process. Reproduced with permission from Ref. [16]. Copyright 2021, Elsevier. (d,e) Operando SR-FTIR

measurements under various potentials for the 4. 3% -MOF during the ORR and OER processes. (f,g) Infrared signal at 1048 cm™ and

Ni**/Ni*" ratio versus potential for the 4.3% -MOF during the ORR and OER processes. All potentials in (f) and (g) are normalized to re-
ferred RHE. Reproduced with permission from Ref. [64].2019,Springer Nature. (h) Operando SR-FTIR spectroscopy measurements. (i)

IR signal in the range of 1100-1500 cm™" ,and (j) IR signal in the range of 800-1200 cm™' under various potentials for HNC—Co during the

OER processes. Reproduced with permission from Ref. [65]. Copyright 2019, American Chemical Society.
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Structural self-reconstruction and synchrotron radiation
characterization of oxygen evolution reaction electrocatalysts
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Abstract ; Self-reconstruction during oxygen evolution reaction (OER) process is considered to be the
key to highly active catalysts, while tracking the dynamic changes of catalysts during OER process and
identifying the true active sites are challenging. Synchrotron radiation characterizations can obtain the
local atomic coordination environment and electron information of specific elements in materials. In
particular, in-situ characterization methods can monitor the dynamic evolution of surface oxidation state
and local atomic structure transformation under working conditions, which can promote the fundamental
understanding of the reaction mechanism. In this review, we discuss recent advances and propose some
perspectives in self-reconstruction of OER electrocatalysts, which mainly summarizes the fundamental
origin of self-reconstruction behavior and the application of in-situ synchrotron radiation characterization
technology to track the dynamic process of self-reconstruction process and to identify the true active sites.
Finally, we put forward some challenges and prospects for the development and promotion of self-
reconstruction of OER electrocatalysts, hoping to provide guidance for the rational design of advanced
OER electrocatalysts.

Keywords: OER; electrocatalyst; structural self-reconstruction; synchrotron radiation; in situ

characterizations



