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Fig. S1 SEM and TEM images of precursor: (a-c) Co-MOF, (d-f) CoFe-PBA. 
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Fig. S2 FT-IR spectra of the as-obtained Co-MOF and CoFe-PBA.
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Fig. S3 SEM images of CoSe2-based catalysts: (a, b) CoSe2, (c, d) Fe-CoSe2, and (e, f) 

N-CoSe2.



6

0.0 0.2 0.4 0.6 0.8 1.0

0

20

40

60

80

100

120

BET Surface Area: 29.6676 m²/g

BET Surface Area:  4.1546 m²/g

 CoSe2 
 Fe-N-CoSe2 

Q
ua

nt
ity

 A
ds

or
be

d 
(

cm
3 /g

 S
T

P)

Relative Pressure (P/Po)

 

 

0.0 0.3 0.6 0.9
0

2

4

6

8

10

Q
ua

nt
ity

 A
ds

or
be

d 
(
cm

3 /g
 S

T
P)

Relative Pressure (P/Po)

Fig. S4 N2 adsorption-desorption isotherms for CoSe2 and Fe-N-CoSe2 catalyst, 

respectively.
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Fig. S5 STEM-EDX spectrum of the Fe-N-CoSe2. The peaks of Cu are originated 

form the copper grid.
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Fig. S6 LSV of Fe-CoSe2 catalyst with different Fe content for OER in 1 M KOH 

solution.
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Fig. S7 Cyclic voltammogram (CV) curves of the catalyst. (a) CoSe2, (b) Fe-CoSe2 (c) 

N-CoSe2 and (d) Fe-N-CoSe2 in 1 M KOH between 0.9 V and 1.0 V vs. RHE.
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TOF calculation process:

By using the previous reported method to calculate the TOF of CoSe2, Fe-CoSe2, 

N-CoSe2, Fe-N-CoSe2, CV measurements with potential window from 0.6 V to 1.2 V 

vs. RHE were carried out in phosphate buffered saline (PBS, pH = 7), where we 

assumed that no oxygen evolution reaction together with electrochemical corrosion of 

our samples happened. 

The TOF could be calculated with the following equation:

TOF = I/Q

Where I (A) is the current of the polarization curve, we obtained it from the LSVs

measurements. Voltammetric charges (Q) is calculated by the following equation:

Q = 4Fn

Where F is Faraday constant (96480 C mol-1), n is the number of active sites. In the 

experiment, the voltrammetry curve is obtained by CVs measurments with phosphate 

buffer (pH = 7) at a scan rate of 50 mV s-1. When the number of voltammetric (Q) is 

obtained after deduction of the blank value.
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Fig. S8 CVs of sample NF, CoSe2, Fe-CoSe2, N-CoSe2 and Fe-N-CoSe2 in PBS 

solution (pH = 7) at a scan rate of 50 mV s-1.
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Fig. S9 Turnover frequency (TOF) curves of the CoSe2, Fe-CoSe2, N-CoSe2 and Fe-

N-CoSe2 catalysts.
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Faraday efficiency calculation:

To investigate the Faradaic efficiency for O2 evolution for Fe-N-CoSe2, O2 gas 

was collected by a water drainage method. The corresponding theoretical value was 

determined by assuming the 100% conversion of electric current according to the 

Faraday law during the electrolysis. The data in Fig.s S10 and S11 show the 

correlation between the molar amount of O2 gas produced and the time. The Faraday 

efficiency during OER was calculated based on the ratio of the amount of O2 evolved 

to the theoretical value.

The theoretical number of moles of the gas calculated by the charge passed 

through the electrode.

𝑛𝑔(𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙) =
𝑄
𝑧𝐹

Where ng is the number of moles of the gas produced, Q is the charge passed 

through the electrodes, z means z mole electrons per mole O2 (z = 4), F is Faraday 

constant (96485 C mol-1). Thus, Faradaic efficiency can be determined by the 

following equation:

𝐹𝐸%=
𝑛𝑔(𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙)

𝑛𝑔(𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙)
× 100%
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Fig. S10 A digital photograph showing the continuous generation of O2 bubbles on 

the Fe-N-CoSe2 catalyst.
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Fig. S11 Collect the generated O2 by the drainage method and record the data every 5 

minutes.
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a b

Fig. S12 TEM images of Fe-N-CoSe2 electrocatalyst after long-term OER durability 

test.
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Fig. S13 XRD of Fe-N-CoSe2 electrocatalyst after long-term OER durability test. 
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Fig. S14 XPS analysis of Fe-N-CoSe2 electrocatalyst recorded after long term OER 

stability test: (a) Survey of the Fe-N-CoSe2 and Post-Fe-N-CoSe2, (b) Co 2p, (c) Fe 2p, 

(d) Se 3d, (e) N 1s and (f) O 1s of the Fe-N-CoSe2 and Post Fe-N-CoSe2.
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Table S1 The physical properties of all as-prepared materials.

Catalysts Nanosheet thickness (nm) 2θ of (210) plane (°)
CoMOF 160 -

CoFePBA 553 -
CoSe2 345 33.84

Fe-CoSe2 414 33.82
N-CoSe2 283 34.26

Fe-N-CoSe2 463 33.96
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Table S2 Composition of CoSe2-based catalysts.

XPS ICP EA
Catalyst

Co/% Se/% Fe/% N/% Se/Co Fe/Co% N/Se% Fe/Co% N/Se%
CoSe2 33.61 64.21 / / 1.91 / /

Fe-N-CoSe2 25.88 46.04 10.04 19.01 1.78 38.8 41.3 38.3 43.61



21

Table S3 Comparison of OER performance of Fe-N-CoSe2 catalyst with the most 
efficient non-noble metal catalysts recently reported in 1 M KOH.

Catalysts Overpotential 
(mV)

Tafel slope 
(mV dec-1) Electrolyte Reference work

Fe-N-CoSe2
270@50 mA 

cm-2
63.7 1M KOH This work

S:CoP@NF

270@10mA cm-

2

330@50mA cm-

2

62.7 1M KOH 1

FexCo2-xP/NF
273@50 mA 

cm-2
55 1M KOH 2

Co2P@Co/N-C/GC
320@10 mA 

cm-2
48.8 1M KOH 3

Ni2P-CoP/GC
320@10 mA 

cm-2
69 1M KOH 4

Co0.85Se@NC
320@10 mA 

cm-2
75 1M KOH 5

NiSe/NF
270@20 mA 

cm-2
64 1M KOH 6

Ni0.88Co1.22Se4
340@10 mA 

cm-2
78 1M KOH 7

Ni-Co-P HNB
270@10 mA 

cm-2
76 1M KOH 8 

NiCoPO/NC
300@10 mA 

cm-2
94 1M KOH 9

N-CNTs@NiS2/Fe7S8
330@50 mA 

cm-2
51.49 1M KOH 10

Fe-UNT
270@10 mA 

cm-2
36.3 1M KOH 11

NiCo-LDH@FeOOH/CF
224@10 mA 

cm-2
38 1M KOH 12

CoFePO
274.5@10 mA 

cm-2
51.7 1M KOH 13

NiCoFeP
273@10 mA 

cm-2
35 1M KOH 14

Fe5Co4Ni20Se36Bx
279.8@10 mA 

cm-2
59.5 1M KOH 15
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