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Materials and Methods

Materials

All the chemicals used were analytical grade (AR) and utilized without any additional purification.
Synthesis of [Co3;(OH),(fum),(H,0)4]-2H,0 (Co3-fum,)

Fumaric acid (H,fum, 174 mg, 1.5 mmol) and KOH (206 mg, 3.5 mmol) were dissolved in deionized
water (2.5 mL) to obtain a homogeneous solution, then CoCl, (237 mg, 1 mmol) was added under
continuous stirring at 25 °C for 1 h until forming uniform suspension. The pink powder of Co;-fum,
was gained and washed with ethanol and distilled water for several times, and dried at 60 °C.
Synthesis of [Co4(OH)¢(fum),] (Coys-fum,)

H,fum (70 mg, 0.6 mmol) and NaOH (50 mg, 1.2 mmol) were dissolved in deionized water (20 mL),
and then treated with ultrasonic bath for 30 min to obtain a homogeneous solution. Co(NOs;), (175
mg, 0.6 mmol) was added under continuous stirring until dissolved. The above mixture solvent was
transferred a Teflon-lined stainless-steel autoclave, then the autoclave was sealed and maintained at
180 °C for 12 h. The tawny color powder of Co4-fum, were gained and centrifugation washed with
ethanol and distilled water for several times, and dried at 60 °C. (yield: 17.0%, based on Co salt).
Other method (post-synthesis): Cos-fum, (50 mg) was dispersed to 5 mL CoCl, aqueous solution (5

mM) to form a uniform suspension, the above suspension was transferred into a Teflon-lined
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stainless-steel autoclave (20 mL) at 180 °C for 12 h. Finally, the resultant precipitate with tawny
color was collected by centrifugation and rinsed with ethanol and distilled water for several times,
and dried at 60 °C (yield: 69.8%, based on Cos-fum,).

Synthesis of Cos-fum,/NF arrays

The preparation method is the same as the as-synthesized procedure, except for lower feed: Hyfum
(116 mg, 1 mmol) and NaOH (80 mg, 2 mmol) were dissolved in 25 mL deionized water, and then
treated with ultrasonic bath for 30 min to obtain a homogeneous solution. 1 mmol Co(NOj3), was
added under continuous stirring until dissolved. The above mixture solvent was transferred a Teflon-
lined stainless-steel autoclave (50 mL), where a piece of as-prepared NF (3 x 3 ¢m?) was immersed
into the solution at 180 °C for 24 h. And the electrode of Co4-fum,/NF was obtained by washing with
ethanol and distilled water for several times, and dried at 60 °C, loading mass: 4.9 mg cm™2.
Synthesis of Co;sFe(s-fum,/NF arrays

A piece of Coys-fumy/NF (1 x 2 c¢cm?) was immersed in 10 mL 0.02 M Fe(NOs); solution and
maintained for 2 h at 25 °C. The electrode of CossFeqs-fum,/NF was obtained by washing with
ethanol and distilled water for several times to remove residual Fe(NO3); solution on surfaces, and
dried at 60 °C. ICP-AES results also showed that the molar ratio of Co:Fe is about 3.5:0.5 (hereafter
denoted as Cos sFeg s-fum,/NF), loading mass: 3.7 mg cm™2.

Synthesis of Co(OH),

In a typical hydrothermal method, CoCl,-6H,0 (237 mg, 1 mmol) was dissolved in deionized water
(15 mL), N,H4-H,O (80 wt%, 1 mL) was added to the solution as alkaline conditioner. The solution
was transferred to a sealed Teflon-lined autoclave and then heated at 120 °C for 12 h. After cool to
room temperature, the product was collected by centrifugation and washed several times with

deionized water and ethanol, and dried at 60 °C.

Methods

The Ni foam (NF) (3 x 3 ¢cm?) was rinsed with ethanol in ultrasonic bath for 30 min, and then
immersed in the 3 M hydrochloric acid (HCI) solution for 2 h, the obtained NF was washed
repeatedly with distilled water. Powder X-ray diffraction (PXRD) patterns were obtained on a Rigaku
D/Max 2550 X-ray diffractometer at 40 kV and 30 mA. The surface morphologies and inner structure

of the products were characterized by Zeiss Sigma field emission scanning electron microscope (FE-



SEM, Quanta 400FEG) and transmission electron microscope (TEM, JEM-2010HR) and high-
resolution TEM (HRTEM, JEM-3010HR). Atomic force microscopy (AFM) images were obtained
by a SHIMDZU SPM-9500J3 device. The chemical-state analysis of catalysts was performed by X-
Ray photoelectron spectroscopy (XPS) using an ESCAKAB 250 X-Ray photoelectron spectrometer.
All the XPS spectra peaks were corrected by C 1s line at 284.8 eV as standard, and curve fitting and
background subtraction were accomplished. Molecular groups analysis of samples was determined
by Fourier transform infrared (FTIR) spectra (Renishaw inVia). Thermogravimetric analysis (TG)
was measured using a TG209F1 libra system under N,, over a range of 25-800 °C with heating rate
of 10 °C min~!. The elemental analyses (C, H, N) was recorded with a Vario EL elemental analyzer.
The inductively coupled plasma-atomic emission spectrometry (ICP-AES) was carried out on TJA
IRIS (HR) spectrometer.

Simulation of crystal morphology was performed by Bravais, Friedel, Donnay and Harker (BFDH)
method using Mercury software (CSD software package). To display BFDH theoretical crystal
morphologies, hit CSD-Materials and then Calculations in the top-level menu, then BFDH

Morphology.
Electrochemical measurements

All electrocatalysts measurements were performed in a three-compartment electrochemical glass cell
at room temperature using a CHI 660D Electrochemical Workstation in the O,-saturated solution. A
glassy carbon (GC) electrode (3 mm in diameter) or Ni foam (the area in the submerged electrolyte is
0.2 x 0.5 cm?) was used as the working electrode, all potentials were referenced to a Hg/HgO (1 M
KOH) electrode as reference electrode, and carbon rod as the counter electrode in all measurements.
The powder catalyst suspension was prepared using mixture of 0.5 mL 0.25 wt% nafion ethanol
solution and 8 mg catalysts and 1 mg carbon black powder followed by ultrasonication for 30 min.
Then, 4 pL of the above ink was uniformly dropped on a freshly polished GC electrode, and then
dried at room temperature. When the Co4-fum,/NF and Cos;sFegs-fum,/NF networks arrays were
used as the working electrode, the area of the submerged part was 0.2 cm? (0.2 cm x 0.5 cm x 2). All
potentials measured were referenced to the reversible hydrogen electrode (RHE) using the following
equation: Erpg (V) = Engngo (V) +0.098 V + 0.059 pH. The OER overpotential () was calculated

according to the formula: # = Egyg — 1.22 V. The linear sweep voltammetry (LSV) was performed at



a scan rate of 5 mV s™! (for powder catalysts) and 1 mV s! (for Cos-fum,/NF and Cos sFe s-fum,/NF
arrays) in 1.0 M KOH (pH 14) solution (the deionized water was used as solvent). All polarization

curves were corrected with 95% iR-compensation.



Fig. S1 The local environment of coordinated water orienting into the 1D pore channel in Cos-fum, (transparent

yellow ball is the center of six coordinated water molecules).
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Fig. S2 PXRD patterns of (a) Cos-fum, and (b) Cos-fums,.
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Fig. S3 Product color of (a) Cos-fum, and (b) Cos-fum, powder.

Fig. S4 SEM images of (a) Cos-fumy,, (b) Cos-fum, and (c) Cos-fum, of post-synthesis.
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Fig. S5 TG curves of Cos-fum, and Coy-fum, powder.
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Fig. S6 (a) XPS survey spectra, High-resolution XPS spectra of (b) C 1s, (c) Co 2p and (d) Ols in Cos-fums.
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Fig. S7 Final Rietveld refinement results of Co4-fums,.
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Fig. S8 Schematic diagram of cobalt hydroxide structure.
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Fig. S9 (a) LSV curves and (b) Tafel curves of Coz-fum, and Cos-fum, on GCE.
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Fig. S10 E-t curves of Co,-fum, powder.
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Fig. S11 Illustration of the fabrication of Cos-fum,/NF and Cos sFeg s-fum,/NF.

Fig. S12 TEM images of Co4-fum,/NF.
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Fig. S13 PXRD patterns of Coy-fum,/NF and Co; sFeq s-fum,/NF.
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Fig. S14 SEM images of (a) Cos-fum,/NF and (b) Coj; sFeq s-fum,/NF after OER test in 1.0 M KOH solution.
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Fig. S15 XRD patterns of (a) Cos-fum,/NF and (b) Cos sFeq s-fum,/NF after OER test in 1.0 M KOH solution.
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Fig. S16 FTIR spectra of (a) Cos-fum,/NF and (b) Cos sFeq s-fum,/NF after 168h OER test in 1.0 M KOH solution.
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Fig. S17 PXRD patterns of (a) Cos-fum, immersed in 0.1M KOH solutions (pH 13) for 12 h and (b) Co,s-fum,

immersed in H,SOj solutions (pH 3) for 24 h at room temperature.
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Fig. S18 High-resolution (a) Co 2p and (b) O 1s XPS spectra of Co,-fum, that collected from the surface of the

Coy-fum,/NF after OER by ultrasound.

Fig. S19 (a) SEM images and (b-¢) element mappings of Cos sFeq s-fum,/NF (the corresponding region is shown in

the insert of (a)).



~
=
=
e N
B |
s
<
@

" Co,-fum,/NF
w
Co, Fe, ~fum/NF after OER

Intensity (a.u.)

780 790 800 810

Binding energy (eV)
(b) — Co, JFe, -fum/NF Ols
— Co, Fe, -fum/NF after OER
3 :
8 !
Z ¥
g O
E |

526 528 530 532 534 536

Binding energy (eV)
(c) Fe2p
7112 ev
. 724.5 ev
—_
= : !
& : |
2 ! |
: E
& : 1
I
: Co, Fe, ~fum,/NF after OER
! 1
! 1
1

705 710 715 720 725 730 735 740
Binding energy (eV)

Fig. S20 High-resolution (a) Co 2p, (b) O 1s and (c) Fe 2p XPS spectra of Cos sFeg s-fum,/NF before and after OER
test.



Table S1. The summary of MOFs electrocatalysts for OER.

MOFs types Substrate Electrolyte 1] /% mA em2 Tafel slope  Refs
/mV /mV deg!
NiCo-UMOFNs GCE 1.0 M KOH 250510 42 [1]
Co-UMOFNs 3710 103
Co,(OH),BDC GCE 1.0 M KOH 26310 74 [2]
C03;04@Co-MOF-12 GCE 1.0 M KOH 277110 79 (3]
Co-MOF 35910 95
A, 7B-MOF-FeCo ¢ GCE 1.0 M KOH 28810 39 (4]
MAF-X27-OH GCE 1.0 M KOH 29210 --- [5]
Co-MOF ([Co4(OH),]") GCE 1.0 M KOH 31810 54 (6]
Co-ZIF-9 (nanosheets) GCE 1.0 M KOH 380,10 55 [7]
[Ni3(OH),(BDC),(H,0)4]-2H,0 GCE 1.0 M KOH 386,10 106.1 [8]
NiFe-MOF GCE 0.1 M KOH 406,10 56 9]
MIL-53(FeNi) NF 1.0 M KOH 23350 314 [10]
MIL-53(Ni) 30950 39.6
(Ni,Co1)o.925F€0.075-MOF NF 1.0 M KOH 25710 413 [11]
Ni-MOF-74 NF 1.0 M KOH 3130 134.1 [12]
NiFe-MOF-74 223,10 71.6
Co-MOF NF 1.0 M KOH 31150 77 [13]
Fe:2D-Co-NS NF 0.1 M KOH 21110 46 [14]
2D-Co-NS NF 25510 65
Fe;-Co, NF 0.1 M KOH 22510 48 [15]
2D NiFe-MOF NF 0.1 M KOH 240,10 34 [9]
Ni-MOF 296,19 45
Fe/Ni-BTC film NF 0.1 M KOH 270510 47 [16]

A = terephthalic ligand; B = 2-aminoterephthalic acid; GCE: Glassy carbon electrode; CB: Carbon cloth; NF:

Nickel foam; CF: Copper foam.
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