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Experimental Section

Materials. Nickel(Il) nitrate (Ni(NO3)2:6H20, >99 wt%), ferrous chloride
(FeCl2-4H20, >99 wt%), 1,4-Diazabicyclo[2.2.2]octane (DABCO, >98 wit%),
1,4-dicarboxybenzene (HBDC, >98 wt%), N,N-dimethylformide (DMF, >98 wt%),
acetonitrile (MeCN, >98 wt%), pyridine (>99.5 wt%) and 1 mol/L potassium
hydroxide solution (1M KOH) were purchased from Wako Pure Chemical Industries,
Ltd. All chemicals were used without further purification.

Characterizations. The crystal structures were characterized by X-ray diffraction
with Cu Ka radiation (A = 1.5405 A, Rigaku Ultima IV). The morphology was
recorded with a JEOL JSM-6700F scanning electron microscopy (SEM). The
high-resolution transmission electron microscope (HRTEM) images, selected area
electron diffraction (SAED) and energy-dispersive spectroscopy (EDS) mapping were
performed on a JEOL JEM-3100F TEM. The thickness of HXP was measured with a
Seiko SPA 400 atomic force microscope (AFM). Thermogravimetric (TG) data was
collected with a Rigaku TGA-8120 instrument at a heating rate of 10 °C/min in
nitrogen gas. N2 sorption isotherms were measured at 77 K adsorbates in a
Quantachrome autosorb-1 analyzer. XPS data were recorded at a Physical Electronics
XPS-5700 spectrometer with Al Ko X-ray line (1486.6 eV).

Synthesis of Ni-based hexagonal nanoplates (HXP). The HXP could be fabricated
via a facile oil bath method. Ni(NO3)2-:6H20 (0.2 mmol), HBDC (0.2 mmol) and
DABCO (0.1 mmol) were dissolved in 40 mL DMF under ultrasonic for 15 min. Then
0.3 mL pyridine was added drop wise into the former solution. The solution was kept
stirring for another 10 min before heated at 80 °C for 12 hrs. After cooling down to
the room temperature, solid product in green was collected by centrifugation. The
solid was then washed with DMF and MeCN for several times and dried at 50 °C
under vacuum. Nanorods (HXR) was synthesized with 0.1 mL pyridine. Nanodisks
(HXD) with thickness around 100 nm was obtained with 0.2 mL pyridine. Blank
control product was fabricated in absence of pyridine.

Conversion into N-doped Ni@carbon nanoplates. For the preparation of N-doped
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Ni@carbon nanoplatelets, the HXP was used as precursor for annealing with the
protection of inert gas. The as-synthesized green precursor was placed in a tube
furnace filled with nitrogen gas flow. The annealing temperature was set in the range
of 500-900 °C at a rate of 2 °C per minute and kept for 2 h to yield a black product.
The fabrication of catalysts deriving from HXD and HXR were carried out under
annealing temperature of 800 °C only at a rate of 2 °C per minute and kept for 2 h to
yield black products.

Physical adsorption for Fe-doped HXP. The Fe-doping was conducted via a facile
magnetic stirring method with the addition of FeCl,-4H,O as Fe source. In a 70 mL
vial, 50 mg HXP was firstly dispersed in 50 mL DMF. Then 1.25 mL of DMF solution
with FeCl>-4H>0O concentration in 10 mg/mL was added into the former suspension.
The vial was sealed with parafilm and kept stirring for 2 h. The solid product was
collected by centrifugation and washed with DMF and MeCN for several times before
dried at 50 °C under vacuum.

Conversion into N-doped Ni/Fe@carbon nanoplates (Fe-doped HXP@NCB800).
The Fe-doped HXP precursor was placed in a tube furnace filled with nitrogen gas
flow. The annealing temperature was set to be 800 °C at a rate of 2 °C per minute and
kept for 2 h to yield a black product.

Electrocatalytic Measurements. The catalyst powder (2 mg) was dispersed in a
mixture of deionized water/ethanol solution (0.7 mL, 3:4 v/v) with 10 uL 10 wt%
Nafion solution by sonicating for over 30 min. 5 pL of the ink was loaded on a glassy
carbon (GC) electrode with a diameter of 3 mm (loading 0.2 mg cm™) and dried at
100 °C. Electrocatalytic measurements were carried out on CH Instruments model
760E electrochemical workstation using a three-electrode system. A coiled platinum
wire was served as the counter electrode and a Hg/HgO electrode acted as reference
electrode, respectively. The electrolyte was 1M KOH aqueous solution (pH = 13.5).
The working electrode was kept rotating at a rate of 1600 rpm during the
measurements. All polarization curves were obtained with 95% iR correction at the
scan rate of 5 mV s. Electrochemical impedance spectroscopy (EIS) data were

recorded with the frequency range of 0.1~100000 Hz at the potential of 1.448 V vs
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Hg/HgO. Tafel slope was calculated according to n=a + bxlogj. Here, a is a constant
and b refers to Tafel slope. The current density j was normalized to the geometrical
area. The overpotential # was transformed from the measured potential ExgHgo uSing
the following formula: # = EngiHgo + 0.059pH + 0.098 — 1.23. For the measurement of
i-t curve, the sample was coated on a 1*2 cm? graphite foil with a loading mass of 0.4

mg cm~2 as working electrode.
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Figure S1 N sorption isotherm of HXP at 77 K with inset pore size distribution.
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Figure S2 Comparison of XRD pattern for HXP, HXD and HXR.

Figure S3 SEM image of blank control product without pyridine.
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Figure S4 XRD pattern of blank control product without pyridine.
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Figure S6 SEM images of HXP@NCB800 with (a) low and (b) high magnification.

Figure S7 TEM image of HXP@NC800 with the distributions of particle sizes shown
in the inset.
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Figure S8 N sorption isotherm of HXP@NCB800 at 77 K.
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Figure S9 (a) XPS survey spectrum of HXP@NCB800. High-resolution (b) Ni 2p, (¢)
C 1s, and (d) N 1s XPS spectra of HXP@NCB800. The peak for oxygen was also
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detected because of the surface oxidation when the sample was exposed to air.
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Figure S10 Comparison of XRD patterns for HXP@NC800, HXD@NCB800 and
HXR@NC800.
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Figure S11 Cyclic voltammetry curves for (a) HXP@NC800, (b) HXD@NC800 and
(c) HXR@NCB800; (d) the current density difference as a function of scan rate in the
region of 0.9~1.0 V vs. RHE.
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Figure S12 Comparison of XRD patterns for N-doped Ni@carbon composites

annealed under 500, 600, 700, 800 and 900 °C (defined as HXP@NC500,

HXP@NC600, HXP@NC700, HXP@NC800 and HXP@NC900).
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Figure S13 Comparison of OER activity for N-doped Ni@carbon composites. (a)

LSV curves at a scan rate of 5 mV s, (b) Tafel plots. (c) Nyquist plots and the fitting

equivalent circuit model.
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Figure S14 Morphology and element distribution of Fe-doped HXP. (a) SEM image,
(b) TEM image and (c) EDS mapping of Fe-doped HXP. The hexagonal morphology
was retained after Fe-doping. Meanwhile, the EDS mapping depicts the homogeneous
distribution of Ni, Fe, C, N and O without cracks or aggregation, indicating uniform
permeation of Fe?* jons into the network, as well as the doping N atoms. The actual
Fe/Ni atomic ratio was determined to be 0.19, which is smaller than the designed
value of 0.58. The incomplete adsorption might be attributed to the competition
between the solvent molecules and Fe ions, as well as probable charge repulsion from

the metal sites.
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Figure S15 XRD pattern of Fe-doped HXP. All reflection peaks are identical with the

undoped HXP, determining that no obvious collapse of crystal structure during Fe?*

doping process.
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Figure S16 (a) XRD pattern and (b) SEM image of Fe-doped HXP@NCB800. Same
with HXP@NCB800, the XRD pattern could be indexed to metallic Ni, referring to the
formation of Ni/Fe alloy core in the composite. The SEM image shows entire
hexagonal pieces with rough face and clear edges, indicating the successful synthesis

of N-doped Ni/Fe@NCB800 electrochemical catalyst.
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Figure S17 (a) LSV curve and (b) Tafel plots of Fe-doped HXP@NCS800.
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Figure S18 Nyquist plots and the fitting equivalent circuit model of Fe-doped
HXP@NCB800. The R¢t was calculated to be 17 Q, which is much smaller than that of
HXP@NCB800.
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Figure S19 OER activity comparison between the HXP derived materials and

recently advanced electrocatalysts in 1 M KOH electrolyte.
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Table S1 OER com

parison of Ni-based electrochemical catalysts in 1 M KOH.

Mass

Catalysts Loading Tafel slople n10 (MV) Reference
(mg cm?) (mV dec™)

HXP@NC800 0.2 48 307 This work

H;s@‘i"’\'pgg % 0.2 49 266 This work
RuO; nanoparticles 0.2 - 346 !
Ni/NizSz/carbon 0.2 56 285 1

nanoplates
NiS@N/S-C ~0.57 48 417 2
Fe-NisS2/FeNi - 54 282 8
Sn-Ni3S2/NF - 56 270 4
Ni@NC-800 ~0.31 45 280 5
Ni-Fe LDH. hollow 0.16 49 280 6
nanoprism

Co4NilP NTs 0.19 61 245 !
H-3DRG@NIiC02S4 0.28 80 264 8
Ni-NiO@3DHPG - 55 410 9
Nio.75Vo.25-LDH 0.14 50 330 10
Ni2P4012/CC - 156 280 1
NCNT/fI;I:;(]-Z?OdNI ) 51 250 12
Nio.33C00.67M0S4/CFC - 69 283 13
Ni-Co-P HNBs 2 76 270 14
Ni MOF/CP 0.48 64 346 15
Ni.P@C/G 0.25 44 285 16
NiCoFeP/Au foam - 60 330 1
Ni-MOF@Fe-MOF 0.2 82 265 18
NiCo-UMOFNs 0.2 42 250 19
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