Electronic Supplementary Material (ESI) for Inorganic Chemistry Frontiers.
This journal is © the Partner Organisations 2022

Supplementary Information

Triple captured iron by defect abundant NiO for efficient

water oxidation

Ya-Nan Zhou, Feng-Ge Wang, Jian-Cheng Zhou, Bin Dong *, Yi-Wen Dong,
Xin Liu, Bin Liu, Jian-Feng Yu, Yong-Ming Chai *
State Key Laboratory of Heavy Oil Processing, College of Chemical Engineering, China University of

Petroleum (East China), Qingdao 266580, PR China

* Corresponding author. Email: dongbin@upc.edu.cn (B. Dong):; ymchai@upc.edu.cn (Y.M. Chai)

Tel: +86-532-86981156, Fax: +86-532-86981156


mailto:dongbin@upc.edu.cn
mailto:ymchai@upc.edu.cn

Table of content

Experimental section
Characterization

Electrochemical measurements

Density functional theory calculations
Structure and morphology study
Morphology characterization

XRD results

EPR results

Surface elements

OER performance measurements
OER activity

Morphologies after OER

Surface reconstruction

DFT calculations

10

11

12

15

15

18

19

22



Characterization

The scanning electron microscopy (SEM) (JEM 2100F) and transmission electron
microscopy (TEM) (FEI Tecni G20, 200 kV) are used to characterize the morphology and
structure of synthesized samples. The X-ray diffraction (XRD) with Cu Ko radiation (A = 1.54
A) on the Brook D8 advance equipment is applied to collect the crystal structure and phase
information of the samples. X-ray photoelectron spectroscopy (XPS) is applied to analyze the
surface chemical structure and valence information by Thermo Fisher K-alpha 250Xi. Raman
spectrum was collected on LabRAM HR Evolution with an excitation wavelength of 514 nm.
The inductively coupled plasma (ICP) spectrometer is used to detect the element contents. The
specific surface area is determined on a tristar II Plus system. The defects are characterized by
electron paramagnetic resonance (EPR) spectrum on electron paramagnetic resonance
spectrometer (JEOL JES FA200).

Electrochemical measurements

Electrochemical performance tests were performed at room temperature through a standard
three-electrode system with Gamry Reference 3000 electrochemical equipment. The cut MoNi
foam (1 cm % 2 cm) was ultrasonically washed by hydrochloric acid, acetone, ethanol and
deionized water, respectively, for 20 minutes to remove the surface impurity. All
electrochemical measurements were conducted under the same conditions in 1 M KOH. The
obtained samples, Pt plate electrode and saturated calomel electrode were selected as working
electrode, counter electrode and reference electrode, respectively. The scan rate of the linear
sweep voltammetry (LSV) curve was maintained at 5 mV s''. All the electrode potential were

converted to reversible hydrogen electrode (RHE) via the Nernst equation: Eryg = Escg +



0.0592 pH + E%cg (E%cg = 0.245 V). The CV curves with different scanning rates are employed
to determine the double-layer capacitances (Cy)). The stability of the sample was evaluated via
both chronoamperometry and fast CV cycles with a rate of 40 mV s'! for 3000 sweeps. The
frequency of electrochemical impedance spectroscopy (EIS) was range from 10° Hz to 0.1 Hz
at 0.20 V vs. SCE with an AC voltage of 5 mV. The activation of samples is performed by the
LSV scan with a scan rate of 10 mV s
Density functional theory calculations

The density functional theory (DFT) calculations were performed using the Materials
Studio software. The exchange-correlation interaction was described by generalized gradient
approximation (GGA) with the Perdew-Burke-Ernzerhof (PBE) functional.! The energy
cutoff was set to 570 eV. The Monkhorst-Pack k-point mesh was setas 3 x3 x 6,3 x3 x5/ 3
x 3 x 5and 3 x 3 x5 for NiO, Fe-NiO, NiOOH and Fe-NiOOH models, respectively. The

convergence criterion in geometry optimization was set as 107 eV/atom for energy.



Fig. S1 SEM morphologies of (a) MoNi foam, (b and ¢) NiMoO,@NiO. (d) Fe-

NiMoO,@NiO-30.



Fig. S2 SEM morphologies of (a-c) Fe-NiMoO4@Ni0O-50 and (d-f) Fe-

NiMoO,@NiO-5.
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Fig. S3 N, adsorption-desorption isotherm of NiMoO4@NiO and Fe-NiMoO4@NiO-

30.



Fig. S4 SEM morphologies of Fe-Fe;Mo004-30 sample.
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Fig. S5 (a) TEM image and (b) HRTEM image of NiMoO4@NiO precursor, HRTEM

image of (¢) Fe-NiMoO4@NiO-30 and (d) Fe-Fe;M00,4-30 sample. Two
distinguishable lattices with interplanar spacing of 0.163 nm and 0.267 nm,
corresponding to the (511) plane of Fe;Mo00,and (101) plane of MoOs, respectively.
Scale bar: 5 nm. Insert: the illustration of crystal lattice of NiMoO,4/NiO interface (b)

and Fe,Mo0,. Red ball: O; green ball: Ni; purple ball: Mo; brown ball: Fe.
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Fig. S6 XRD pattern of (a) Commercial MoNi foam and (b) Fe-Fe;M00O,.
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Fig. S7 EPR spectra of NiMoO4@NiO and Fe-NiMoO4@NiO-30.
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Fig. S8 (a) SEM image and (b) Corresponding element contents of Fe-

NiMoO,@NiO-30.
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Table S1 Element contents of Fe, Ni, Mo and O detected by EDS in Fe-NiMoO4@NiO-

5 and Fe-NiMoO4@NiO-50 samples.

Fe-NiMoO4,@NiO-5  Fe-NiMoO,4@NiO-

50
Element At.% Wt.% At.% Wt.%
FeK 0.34 0.58 0.70 1.18
NiK 18.19 32.33 23.44 41.38
Mo L 11.41 33.15 8.72 25.14
OK 70.06 33.94 67.14 32.30
Total 100.00 100.00 100.00 100.00

account
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Fig. S9 XPS survey scan of Fe-NiMoO4@Ni0O-30 sample, where the Mo, Ni, Fe, O

elements can be clearly indexed.
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Fig. S10 Electrochemical activation of (a) NiMoO4@NiO, (b) Fe-NiMoO4@NiO-5, (c) Fe-
NiMoO4@Ni0-50 and (d) Fe-Fe;MoQO,4 by LSV scan, where “1, 2 ...” means “first scan, second

scan...”
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Fig. S11 Electrochemical activity of Fe-NiMoO4@NiO-¢ and Fe-Fe;MoOy-¢. (a and b) LSV

curves, (c and d) Tafel plots, (e and f) EIS plots.
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Fig. S12 (a-1) CV cycles of all the obtained samples with scan rate of 40, 60, 80, 100, 120 mV

sl and corresponding Ca value g and k).
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Fig. S13 SEM morphologies of Fe-NiMoO4@NiO-30 after long-term stability of 35 h.
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Fig. S14 Reconstruction process diagram of Fe-NiMoO4@NiO-30.
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Table S2 ICP content result of KOH (1 M) electrolyte for Fe-NiMoO4@NiO-30 and

Fe-Fe,Mo004-30 before and after long-term stability.

Fe (mg/L) Ni (mg/L) Mo (mg/L)

Before After Before After Before After

Fe-NiMoO4@NiO-
n 0.46 0.04 0.026 0.07 0.10 1459.61

Before After Before After
Fe-Fe2M004-30

0.46 1.20 0.026 | 33.77
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Table S3 Comparison of the OER activity of Fe-NiMoO4@NiO-30 with the other

OER electrocatalysts in 1 M KOH.

Electrocatalyst (mA imz ) (nilV) mv Zecl ) L2
Fe-NiMoO4@NiO-30 100 274 78.0 This work
Fe-NiMoO, 100 350 90.0 (4]
Co3;S4@NiMo0O, 100 620 102.0 [5]
NiCo0,0,@NiMoO4/NF 100 522 117.6 [6]
NiCo0,0,@NiMo0Q, 100 413 94.1 [7]
NiMoO, 100 338 48.0 [8]
NM-FC2 100 383 71.8 [9]
Ce0,-NiMoOy 100 346 79.0 [10]
a-NiFeMo 30 321 49.0 [11]
SELF-RECONCAT 100 290 66.6 [12]
CR-NiOOH 100 308 - [13]
NiFeMo-N, 100 285 26.7 [14]
NiCoFeO, NHS 100 404 58.0 [15]
NiFeMo 100 593 35.0 [16]
NiFeMo 100 278 59.9 [17]
NiFeMo/NF 100 280 42.7 [18]

NiFeMoS/NF-P 100 285 69.0 [19]
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Fig. S15 The electron density difference of Fe-NiMoO4@NiO-30. The blue and

yellow represent the increase and decrease of electron density, respectively.
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