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Experimental Section
1.1 Synthesis of Se NWs

The Se nanowires were first synthesized according to the Literature. ! For the synthesis
of Se NWs, analytically pure Na,SeO3 (2 mmol) and 5 mL of PVA (5 wt %) solution were
added into 40 mL distilled water at room temperature to form a clear solution, which
was then stirred strongly for about 30min and transferred into a 50 mL Teflon-lined
stainless-steel autoclave. The autoclave was sealed and heated at 140 °C for 48 h
before air-cooled down to room temperature. The turbid solution was collected and
washed with distilled water and absolute alcohol for several times. The precipitate of
the bottle was discarded. The red-brown powders were collected after drying in a
vacuum at 60 °C for 12 h.

1.2 Synthesis of Se NWs@PPy

In a typical synthesis?, 58 mL of 1.10 mg mL! Se NWs aqueous solution and 0.2 mL of
pyrrole were mixed, sonicated for 40 min, and stirred for 15 min. Subsequently, 50 mL

of the 313.5 mg FeCl; * 6H,0aqueous solution was added to the above mixed solution

drop wisely under strong stirring. The system was agitated for 4 h for polymerization.
The precipitate was collected after filtration and washed with ethanol and water.

1.3 Synthesis of Se NWs@PPy@ZIF-67



Se NWs@PPy aqueous solution (100 mL, 1mg * mL?) and 700 mg PVP(K30) were

mixed and stirred for 4 h. The precipitate was separated by filtration and redispersed
into 30 ml methanol solution containing 0.130 g of Co(NO3),-6H,0. After constant

stirring for 5 h, 1 mL 2-methylimidazole solution (300 mg * mL?) was poured quickly

into the above mixed solution, followed by vigorous stirring for 2 h and aged for 24 h.
Se Nws@ZIF-67 was prepared according to similar methods. 378 mg Co(NO3),-6H,0
was dispersed in 30 mL Se NWs methanol solution (2.63 mg mL?). Then, 2.8 mL 2-
methylimidazole solution (300 mg mL1) was poured quickly into above mixed solution.

1.4 Synthesis of O-CoSe,-HNT

50 mg Se NWs@PPy@ZIF-67 was placed in a tube furnace and calcined at 300°C for

2h with a ramp rate of 5°C mintin Ar atmosphere.

1.5 Synthesis of CoSe,-S

100 mg ZIF-67 was placed in a tube furnace, and 0.5 g of Se powder was placed at the

upstream side. This was followed by calcination at 300°C for 2 h with a ramp rate of

5°C minin Ar atmosphere.

2. Characterizations:

The morphology and structure of the samples were characterized by field-emission
scanning electron microscopy (FESEM; Hitachi SU8010, 5 kV), transmission electron
microscopy (TEM; JEOL, JEM-1400, 120 kV), and spherical aberration correction
electron microscope (JEOL, ARM200, 300kV). Powder X-ray diffraction (XRD) patterns
were recorded on a MiniFlex 600 (Rigaku Co., Japan) diffractometer with Cu Ka (A =
1.5418 A) radiation. The N, adsorption-desorption isotherms were collected using a
Micromeritics Instruments 3Flex at 77 K. The surface properties of the products were
analyzed with X-ray photoelectron spectroscopy (XPS; VG ESCALABMKII instrument)
with a Mg Ka X-ray source. X-ray adsorption near edge structure (XANES) and
extended X-ray absorption fine structure (EXAFS) were collected by employing
synchrotron radiation light source at 01C1 beam line of the National Synchrotron
Radiation Research Center, Taiwan. The measurements were conducted in the
Transmission mode. The data were processed with IFEFFIT.3 Fourier transformation
was k3-weighted in the k range from 3 to 12 AL,



Electrochemical measurements

All the electrochemical measurements were implemented on a CHI 760E
electrochemical workstation (CH Instruments, Inc., Shanghai) through a standard
three-electrode system. A glassy carbon electrode (3 mm in diameter) was used as the
working electrode. 5 mg of the catalysts and 20 uL Nafion solution were dispersed in
490 uL ethanol and 490 uL water, which was sonicated for 45 min to form ink. Then,
5uL of the mixture ink was dripped onto the surface of glassy carbon electrode and
dried at room temperature. The Ag/AgCl electrode and platinum wire were used as
the reference electrode and counter electrode, respectively. The OER performance
was evaluated in 1 M KOH solution. The samples were evaluated by obtaining the
polarization curves via linear sweep voltammetry (LSV) at a scan rate of 10mV-s™.
Electrochemical impedance spectroscopy (EIS) measurements were carried out at
different potentials from 105 to 0.01 Hz. The stability tests were performed by cyclic
voltammetry (CV) scanning for 2000 cycles (CV, 100 mV - s1) for OER and long-term
chronoamperometry. CV tests were also used to define the electrochemical double-
layer capacitances (Cq). The electrochemically active surface area could be assessed
from the plot slope of the charging current vs. the scan rate. All the polarization curves
in this work were carried out with iR compensation. Turnover frequency (TOF)
calculation of the catalysts: The TOF value was calculated from the equation

JxA
TOF=4xFxm

where J is the current density at a given overpotential ( 1 =300 mV), A is the surface

area of the electrode, F is the Faraday constant (96485 C * mol), and mis the

number of moles of metal on the electrode. All the Co atoms were assumed to be
accessible for catalysing the OER.

RHE calibration

The potential was calibrated with respect to reversible hydrogen electrode (RHE)
according to previous report.* The calibration was performed in the high purity
hydrogen saturated electrolyte with a Pt foil as the working electrode. CVs were run
at a scan rate of 1 mv s%, and the average of the two potentials at which the current
crossed zero was taken to be the thermodynamic potential for the hydrogen electrode

reactions.
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3. Results and discussion

Figure S1. SEM images of Se NWs.

Figure S2. SEM images of the as-synthesized Se NWs@PPy.



Figure $3. SEM images of the as-synthesized Se NWs@PPy@ZIF-67.
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Figure S4. XRD patterns of Se NWs@PPy@ZIF-67.
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Figure S5. TGA curve of the as-synthesized Se NWs@PPy@ZIF-67.
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Figure S6. XRD of the as-prepared O-CoSe,-NHT.



Figure S7. a,b) SEM images of the as-synthesized Se NWs@ZIF-67(without PPY). c,d)
SEM images of the corresponding pyrolysis product.

Figure S8. a) and b) SEM images of the as-synthesized ZIF-67. c) and d) SEM images
of the corresponding pyrolysis product.



Figure S9. TEM images of the as-synthesized CoSe,-S.
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Figure $10. XRD of CoSe,-S prepared by calcining ZIF-67 and Se powder.
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Figure S11. XPS survey spectrum of CoSe,-S.
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Figure $12. XPS survey spectrum of mace-like O-CoSe,-HNT.
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Figure S13. a) and b) N, adsorption-desorption isotherm and size distribution curves
of mace-like O-CoSe,-HNT. c) and d) N, adsorption-desorption isotherm and size
distribution curves of CoSe,-S catalyst.
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Figure S14. LSV curves of O-CoSe,-HNT using different counter electrode.
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Table S1. EIS results of different catalysts.

Catalyst 0-CoSe,-NHT CoSe,-S IrO, RuO,
Rs (ohm) 13.4 14.2 12 13
R (ohm) 37.9 90.4 50.9 44.5
80
After 2000th cycle

o Before CV

Potential (V vs RHE)

Figure S15. LSV curves of O-CoSe,-HNT before and after 2000 CV cycles.
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Figure S16. a) XRD pattern, b) SEM and c) TEM images of the of O-CoSe,-HNT catalyst
after long term test in 1 M KOH for OER.
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Figure S17. a-d) HAADF-STEM elemental mapping spectra of O-CoSe,-HNT catalyst
after long term test in 1 M KOH for OER.
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Figure S18. a) Se 3d and b) Co 2p of O-CoSe,-HNT after long term test in 1 M KOH for
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Figure S19. CV of a) O-CoSe,-HNT and b) CoSe,-S in 1 M KOH solution in the region of
0.1-0.2 V vs. Ag/AgCl.
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Figure S20. Se 3d of O-CoSe,-HNT and CoSe,-S.
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Figure $21. XANES pre-edge peaks of O-CoSe,-HNT and CoSe,-S.
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Figure S22. The Co K-edge extended XAFS oscillation function.
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Figure S23. The EXAFS fitting results of the Co edge for CoSe,-S and O-CoSe,-HNT.

16



Table S2. Summary of various Co-based non-noble metal catalysts for OERin 1 M

KOH.
Overpgtential  Tafel slope
Catalyst Reference
10mA * cm?2  (mV ¢ dec?)
0-CoSe,-HNT 252 62 This work
A . Chem. Int.Ed. 2015, 127,
Co-P films 345 47 ngew. them. in g
6349
CoO,@CN 385 N/A J. Am. Chem. Soc. 2015, 137, 2688
Au,s/CoSe, 430 NA J. Am. Chem. Soc. 2017, 139, 1077
CoSe, nanoparticles 297 41 Nano Res. 2016, 9, 2234
CoMnP 330 61 J. Am. Chem. Soc. 2016, 138, 4006
Adv. Funct. Mater. 2018, 28
| hin N-CoFe LDH 281 40. T
ultrathin N-CoFe S 8 0.03 1703363
P-Co30,4 280 51.6 Energy Environ. Sci., 2017, 10, 2563
CoSe,_,-Pt 255 31 Adv. Mater. 2018, 31, 1805581
ACS Catal. 2019, DOI:
Co/Fe),O 300 36
(Co/Fe)aOs 10.1021/acscatal.9b00293
J. Mater. Chem. A, 2019, DOI:
Co5;0,-HPNS 308 60.78 ’ ’
O3PS 10.1039/C9TA00330D
CoOOH holl
© ollow 275 49 J. Mater. Chem. A, 2019, 7, 7777
nanospheres
NCoM-Cb-Ar 340 76 Angew. Chem. Int. Ed. 2019, DIO:

17



10.1002/anie.201901813

J. Mater. Chem. A, 2019, DOI:

Ni 272 .

(C0o21Nio2sCuo sa)sSe; >33 10.1039/CITA00863B
Co,(OH)sCI 270 155 Adv. Mater. 2019, 31, 1805127
CoOOH-NS 253 - Energy Environ. Sci., 2019, 12, 739

Table S3. EXAFS fitting results of the Co edge for CoSe,-S and O-CoSe,-HNT.

Sample Shell N R (A) o%(x103A)  AE,(eV)
CoSe,-S Co-Se 6+0.4 2.41+0.2 5.8 -1.1
0-CoSe,-HNT Co-Se 53+04 2.39+0.2 6.6 -1.1

N, coordination number; R, distance between centre and backscatter atom; o2 the

Debye-Waller factor value; AEg, inner potential correction to account for the

difference in inner potential between the sample and the reference.
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