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Supplementary Figures and Tables
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Fig. S1 XRD patterns of NiLa-X@CC and Ni LDH@CC precursors.
Note that when the molar ratio of the Ni/La source ranged from 0 to 1, the only
presented phase of all the samples was La(OH)s (PDF #13-0084), indicating the
precursors were NixLai-x(OH)s. Moreover, after increasing the ratio of Ni and La to
2 (NiLa-2), the only phase which can be identified was a typical LDH phase (PDF
#30-1835) [S1, S2], thus the associated compounds were considered as NiLa LDH.

When the Ni content was continuously increased without any addition of La source,

a pure Ni LDH phase can be observed in the sample of Ni LDH@CC.
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Fig. S2 Schematic diagram of transient photo-induced voltage setup and its working
mechanism.

The TPV test system is used to characterize and analyze the Kkinetic processes of
photoelectron extraction and interfacial charge transport in materials, which is
schematically demonstrated in this figure. A laser pulse, whose wavelength is 355 nm
and pulse width is 5 ns, generated from the third harmonic Nd: YAG laser instrument
is applied to the surface of the powder samples supported on a platinum mesh substrate,
inducing the separation and transfer of photogenerated charges within those samples.
The resulting potential difference on the sample surface is detected by the connected
platinum mesh and oscilloscope. Subsequently, the potential change is captured by the
information acquisition card to obtain the corresponding transient photovoltage signal.
Herein, the change of photo-induced voltage is recorded at a more precise time span,

which can more deeply analyze the properties and mechanism of the material.
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Fig. S3 FFT patterns of NLOS-0 and NLOS-1 obtained from TPV data.
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Fig. S4 a Three-dimensional CWT spectrum of NLOS-0. Relationships between
intensity and time of peak positions at different frequencies: intensity-time curves of
NLOS-0 and NLOS-1 (t1 and t2 are the peak occurrence time of NLOS-0 and NLOS-1,

respectively) at the frequency of b 8, ¢ 10, d 20, e 30, and f 40 Hz.



Fig. S5 FESEM images of a NiLa-0@CC, b NiLa-0.25@CC, ¢ NiLa-0.5@CC, d NiLa-

1@CC, e NiLa-2@CC, and f Ni LDH@CC.



Fig. S6 FESEM images of a NLOS-0@CC, b NLOS-0.25@CC, ¢ NLOS-0.5@CC, d

NLOS-1@CC, e NLOS-2@CC, and f NisS:2@CC.
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Fig. S7 The polarization curves at a scan rate of 1 mV s in hydrogen-saturated 1 M

KOH (Hg/HgO as the reference electrode).
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Fig. S8 IR-corrected LSV polarization curves of NiLa-1@CC, CC, NLOS-1@CC and

IrO2@CC in 1 M KOH electrolyte.
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Fig. S9 IR-corrected LSV polarization curves of NLOS-1 obtained by the negative scan.

10



800
700 -
600 -
500 -
400
300 -
200
100

0-
12 13 14 15 16 17 18
Potential (V vs. RHE)

—— NLOS-1@NF

j(mA cm?)

Fig. S10 IR-corrected LSV polarization curves of NLOS-1@NF.

11



1.9 2 NLOS-0@CC
m 9 NLOS-0.25@CC
T 1.8 @ NLOS-0.5@CC
r 2 NLOS1@Ccc

; @ NLOS-2@CC
g’ 1.7 @ Ni,S,@CC
1559 mV dec g%
2 -
© 1.6 132.3 mV dec™
= 136.7 mV dec”! o =
S 2 ‘i::fﬁf:‘“w-\
B 151 963mvdect
o 88.2 mV dec™
1-4 L T L T T
0.6 0.8 1.0 1.2 1.4 1.6

Log j (mA cm?)
Fig. S11 Tafel plots of NLOS-X@CC (X=0, 0.25, 0.5, 1, and 2, respectively) and

NizsS2@CC in 1 M KOH electrolyte.
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Fig. S12 Fitted EIS plots of NLOS-X@CC (X=0, 0.25, 0.5, 1, and 2, respectively) and

NisS2@CC in 1 M KOH electrolyte at a catalytically active potential of 1.41 V vs. RHE

in 1 M KOH with an inset of the equivalent circuit.
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Fig. S13 Corresponding CV curves withinthe non-Faradic region of a NLOS-0@CC,
b NLOS-0.25@CC, ¢ NLOS-0.5@CC, d NLOS-1@CC, e NLOS-2@CC, and f

NizS2@CC recorded at the scan rates of 20, 40, 60, 80,100, and 120 mV s ™%, respectively.
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Fig. S14 IR-corrected LSV curves normalized against the a Ca value, and b loading
mass of NLOS-0@CC, NLOS-0.25@CC, NLOS-0.5@CC, NLOS-1@CC, NLOS-
2@CC, and NisS2@CC. Note that the electrochemical active surface area (ECSA) value
is linearly proportional to Cai (ECSA=Cal/Cs), and the Cs is assumed to be identical for
all probed samples in our case. Therefore, we directly normalized our current density

to Cai values to compare the intrinsic activity of our catalysts [S3, S4].
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Fig. S15 High-resolution S 2p XPS spectrum of the post-OER NLOS-1@CC.

When compared with the high-resolution S 2p XPS spectrum in Fig. 2f, it can be easily
found the concentration ratio between S-O species and M-S within lattice/surface S
non-bonded to O increased from 1.79 of the pre-OER NLOS-1@CC to 2.49 of the post-
OER one. The presence of S-O in the former case would arise from the surface
passivation when exposing the sample to the air, and the increment of S-O species for
the same sample after OER could be caused by the presence of the additionally SO4>,

which was in-situ formed and adsorbed on the surface during OER process.
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Fig. S17 XRD patterns of the pre- and post-OER NLOS-1@CC. Compared with that
of the one before OER, the XRD data of post-OER NLOS-1@CC illustrates a

significantly low-crystallinity La20O2S phase, indicating the occurrence of deep phase

reconstruction during alkaline OER.
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Fig. S18 The magnified HRTEM image of the post-OER NLOS-1, where NiOOH

nanocrystals were alternatively separated by La(OH)s nanocrystals.
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Fig. S19 Time-dependent in-situ Raman spectra of NLOS@CC at a fixed potential of

1.7V vs. RHE.
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Fig. S20 SEM-EDX and mapping images of the graphite rod before and after OER.
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Fig. S21 Raman spectrum of the post-OER NLOS-1.
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Fig. S22 Comparison of adsorption energy of SO4? (Ead-suifae) On the surface of a
NiOOH (side view) and b NiOOH/La(OH)s (side view). c and d are their corresponding

crystal structure in top view model.
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Table S1 The atomic ratio of Ni and La of various NLOS-X@CC samples (X=0, 0.25,

0.5, 1, and 2), and NizS:2@CC determined by ICP-OES.

Samples La Ni
NLOS-0@CC 1 0
NLOS-0.25@CC 1 0.45
NLOS-0.5@CC 1 0.62
NLOS-1@CC 1 1.01
NLOS-2@CC 1 2.08

NizS:@CC 0 1

24



Table S2 Comparison of OER activity of NLOS-1@CC with other recently reported

advanced Ni-based electrocatalysts in alkaline media.

Overpotential

Catalysts Electrolyte (mV) @current Ref.
density (mA cm?)
Fe, F-NiO 1M KOH 215@10 [S5]
CosSs@NiFe LDH 1M KOH 220@10 [S6]
FeNi(MoOa)x 1 M KOH 227@10 [S7]
Ni3S2/MnO: 1M KOH 260@10 [S8]
NiO/C0304 1 M NaOH 262@10 [S9]
ex Ir-Ni(OH): 1M KOH 270@10 [S10]
Nio.5C005-MOF-74 1 M KOH 270@10 [S11]
Ni-Fe-Ko.23sMnO2 CNFs 1 M NaOH 270@10 [S12]
NiCozxFexO4 NBs 1 M KOH 274@10 [S13]
N-NiMoO4/NiS; 1 M KOH 283@10 [S14]
NiCo2S:s@NiFe 0.1 M KOH 287@10 [S15]
NiCeOx 1M KOH 295@10 [S16]
NiSe2/NiO 1M KOH 300@10 [S17]
Mo-Ni-Co-O/Co-N 1M KOH 330@10 [S18]
NP/NiO 1 M KOH 332@10 [S19]
NiC0204 1M KOH 350@10 [S20]
NiFe-Vu-O 1 M NaOH 371@10 [S21]
Fe-VSB/NiPO-500 1 M KOH 227@50 [S22]
NiFe LDH/NiTe 1M KOH 228@50 [S23]
Ni2P/FeP-FF 1M KOH 235@50 [S24]
Nb-NiFe-LDH 1M KOH 242@50 [S25]
CoNiFeOx-NC 1M KOH 265@50 [S26]
Coo.75Ni0.25Se/NF 1 M KOH 269@50 [S27]
S-NiFe-LDH-A 1M KOH 270@50 [S28]
Ni—Fe LDH SSNCs 1 M KOH 272@50 [S29]
Ni2Fe1-O 1M KOH 273@50 [S30]
F-Ni(OH)2/NF 1M KOH 280@50 [S31]
np-AINiCoFeMo 1 M KOH 280@50 [S32]
Ni—Fe LDH-NS@DG 1M KOH 310@50 [S33]
Ni(OH)2-TCNQ/CF 1M KOH 322@50 [S34]
MoOs/Ni-NiO 1M KOH 330@50 [S35]
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HG-NiFex 1 M KOH 350@50 [S36]

a257@10

NLOS-1@CC 1M KOH 260@50

This work

This overpotential was obtained from the negatively-scanned LSV curve.
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Table S3 EIS calculation parameters of NLOS-1@CC and reference samples at a

catalytically active potential of 1.41V vs. RHE in 1 M KOH.

Samples Rs Rt CPE1-T CPE2-P
NLOS-0@CC 1.7 1204 0.0012343  0.91912
NLOS-0.25@CC 1.6 378.8 0.0021428  0.88993
NLOS-0.5@CC 1.9 25.7 0.044625 0.80676
NLOS-1@CC 1.6 111 0.10022 0.77765
NLOS-2@CC 14 25.2 0.044316 0.80979

NisS2@CC 1.4 53.1 0.022986 0.85576
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Table S4 The atomic ratio of La, Ni, S, and Fe for pre- and post-OER NLOS-1 obtained

from TEM-EDS presented in Fig. 3 and Fig. 5 of the main text, respectively.

Atomic Ratio La Ni S Fe
Theoretic ratio 1 1 0.5 /
EDS (pre-OER) 1 1 0.49 /
EDS (post-OER) 0.93 1 0.12 0.006

Note after OER CP, there were still a certain amount of S atoms were preserved, which
was supposed to contain the ones from the residual NLOS precatalyst, as well as the
transformed oxyanions (SO4%) adsorbed on the catalyst surface [S37]. Moreover, very
few impurity Fe atoms from KOH electrolyte were doped into the reconstructed species,
indicating the active structure which was responsible for the excellent OER was Fe-free

NiOOH/La(OH)a.
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Table S5 The content of La, Ni and S in 1 M KOH electrolyte before and after 72 h

OER CP tests of NLOS-1@CC and NizS2@CC.

Electrolyte La(mgL™) Ni (mg L) S(mgL?)

Fresh 0.1 0.20 1.1

NLOS-1@CC after
0.1 0.20 1.8
OER CP

NizS2@CC after
/ 0.37 2.2
OER CP

After 72 h OER CP at 100 mA cm ™2, the contents of La and Ni in the reaction electrolyte
were almost the same, while much more S content can be found in the post-OER
electrolyte. This illustrates that during OER process, severe S atoms were oxidized from
NLOS-1. Apart from some adsorbed on the catalyst surface in the form of SO4%, most
of the leached S species were dissolved into the electrolyte. On the other hand, when
the reaction of NisS2@CC was prolonged to 72 h, much more Ni atoms were lost in the
electrolyte, indicating that the presence of La could stabilize the active Ni species and

further promoted the catalytic durability.
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Table S6 EXAFS fitting parameters at the La Ls-edge for pre- and post-OER NLOS-1.

Samples Shell CN R(A) 62 (102 A2) R factor
La-O 4540.3 2.384).02 10.7H.2

Pre-OER 0.009
La-S 4.64.5 3.02+0.01 11.2#H .4
La-O 9.840.8 2.5+0.02 8.7+1.1

Post-OER 0.016
La-S 3.1+.7 3.1+0.04 9.845.9

In Table S6, CN, R, and ¢? represent coordination number, distance between absorber

and backscatter atoms, respectively. R factor reflects the goodness of the fitting.

The obtained EXAFS data were preprocessed using Athena [S38-S40]. Then

Fourier transformed fitting was performed by using Artemis. The k-range of 2.6-9.5

A land R range of 1.7-3.0 A were employed for the fitting. The model of pre- and post-

OER NLOS-1 were used to obtain the simulated scattering paths.
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