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Experimental Section

1.1 Chemicals

Fe(NO3)3-9H20, Co(NO3)2:6H20, and KOH were purchased from Aladdin Ltd.
(Shanghai, China). 2,5-dihydroxyterephthalic acid (Li) and 4,6-
dihydroxyisophthalic acid (L2) were purchased from Extension (China). N, N-
dimethyl formamide (DMF), isopropanol and ethanol were purchased from Macklin

(Shanghai, China). Nafion was purchased from Alfa Aesar (China). Ag/AgCl electrode,
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modified glassy carbon electrode, and carbon electrode were purchased from Gaoss
Union (Wuhan, China). All chemicals were used without further purification. Deionized
water was used throughout the experiment.

1.2 Material synthesis

According to the published literature!'), FeCo-L1 and FeCo-L2 were prepared. In
detail, 30 mg (0.15 mol) of L1 was dissolved in 5 ml DMF and stirred until completely
dissolved. 97 mg (0.24 mol) Fe(NO3)3-9H20 and 70 mg (0.24 mol) Co(NO3)2-6H20
were dissolved in 5 ml DMF and stirred until completely dissolved. Then, the metal ion
solution was added to the L1 ligand solution, 0.6 ml of deionized water was added
dropwise, and the mixed solution was transferred to the polytetrafluoroethylene
hydrothermal reactor. The solvothermal reaction was carried out for 24 hours at a
temperature of 120 °C. The reaction product was washed with DMF and ethanol and
dried in a vacuum oven at 60 °C for 6 hours. The final powder sample obtained is FeCo-
L>. Using ligand L2 instead of ligand L1, FeCo-L2 could be prepared by the same
method.

Dissolve 15 mg (0.075 mol) Li and 15 mg (0.075 mol) L2 in 5 ml DMF
and stir until completely dissolved. 97 mg (0.24 mol) Fe(NO3)3-9H20 and 70
mg (0.24 mol) Co(NO3)2:6H20 were dissolved in 5 ml DMF and stirred until
completely dissolved. Then, the metal ion solution was added to the ligand
solution, 0.6 ml of deionized water was added dropwise, and the mixed
solution was transferred to the polytetrafluoroethylene hydrothermal reactor.
The solvothermal reaction was carried out for 24 hours at a temperature of
120 °C. The reaction product was washed three times with DMF and ethanol
and then dried in a vacuum oven at 60 °C for 6 hours. The final powder
sample obtained is FeCo-LiL2. Changing the ratio of metal ions Fe and Co
or the ratio of ligands L1 and L2 can prepare different ratios of FeCo-LiLo.
1.3 Characterization

The morphologies of the samples were observed by field-emission scanning electron
microscopy (FE-SEM, Vltra55, Carl Zeiss) with transmission electron microscopy

(TEM, JEM-2100). The powder X-ray diffraction (XRD) was recorded on a Bruker D8



Advance diffractometer with a Cu Ka radiation. The functional groups of the samples
were demonstrated by Fourier transform infrared (FT-IR, Nicolet 5700, Thermo
Electron). X-ray photoelectron spectroscopy (XPS) data were obtained by Thermal
Fisher Scientific K-Alpha electron spectrometer.
1.4 Electrochemical testing

Electrochemical measurements were performed with a Zahner Zennium
electrochemical workstation using a typical three-electrode setup with a 1.0 M KOH
aqueous solution electrolyte solution. The Ag/AgCl electrode is used as the reference
electrode in the three-electrode system. The glassy-carbon electrode (GCE, geometric
area: 0.07 cm?) is used as the working electrode, and the carbon electrode is used as the
counter electrode. For the fabricated electrode, 5 mg sample, 250 pL isopropanol, 750
uL deionized water and 30 pL Nafion were mixed and dispersed by ultrasonic for 30
min. Next, 5 puL of catalyst ink was dropped on the glassy-carbon electrode and air
drying for 2 hours at least. First, perform continuous cyclic voltammograms (CV)
testing at a scan rate of 500 mV s!. A stable CV curve can be observed after scanning
1000 laps. Then, the OER linear sweep voltammetry (LSV) test was performed at 10
mV s'. The Tafel diagram is derived from the LSV curve. The electrochemical
impendence spectra (EIS) were performed from 100 MHz to 0.1 Hz at the potential of
0.6 V. The electrochemically active surface areas (ECSA) were evaluated by measuring
the electrochemical double-layer capacitance (Cdl) via CV at different scan rates (20-

40, 60 80, 100 and 120 mV s™).
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Figure S1. (a) SEM image of FeCo-L1L2 and corresponding EDS elemental mapping
images of (b) C, (¢) O, (d) Fe, (e) Co, (f) N for FeCo-L1Lo.
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Figure S2. EDS spectrum of FeCo-LiL>.

Figure S3. SEM images of (a) FeCo9-L1L2, (b) FeCo4-L1L2, (¢) FeCo2.3-L1L2, (d)

FeCoi.5-LiL2, (e) Fe1sCo-L1L2, (f) Fe23Co-Li1L2, (g) FeaCo-LiL2, (h) FeoCo-LiLo.



Figure S4. SEM images of (a) FeCo-L1L2(9), (b) FeCo-Li1L24), (c) FeCo-LiL2(23),

(d) FeCo-LiL2(1.5), (¢) FeCo-LiasL2, (f) FeCo-Li23)L2, (g) FeCo-Li4L2, (h)

FeCo-LilLa2.
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Figure S5. (a) XRD patterns of the as-synthesized Fe-L1L2 and Co-LiL2 with the
corresponding simulated patterns, (b) FT-IR spectra of FeCo-Li, FeCo-L2, and

FeCo-LiL>.
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Figure S6. Full range XPS spectra of FeCo-L1, FeCo-La, and FeCo-LiLo.
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Figure S7. (a) Fe 2ps. spectra, (b) Co 2p3.2 spectra of FeCo-L1, FeCo-Lz2, and FeCo-

LiLo.

Table S1. Quantitative analyses of FeCo-L1, FeCo-L2, and FeCo-LiL2 from XPS.

Sample Fe (at. %) Co (at. %) Fe: Co
FeCo-Li 5.64 5.40 1.04
FeCo-L2 5.59 5.75 0.97

FeCo-LiL2 5.68 5.53 1.03
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Figure S8. (a) Fe 2p and (b) Co 2p for Fe-LiL2, Co-LiL2, and FeCo-LiLo.
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Figure S9. LSV curves of Fe-Li, Fe-L2, Co-Li, and Co-Lo.
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Figure S10. CV plot of (a) FeCo-L1, (b) FeCo-Lz, (¢) FeCo-LiL2, (d) Fe-LiL2, and (e)

Co-LiL: at different scan rate.
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Figure S11. The XRD data and SEM image (inset) of FeCo-LiL> after 10 hours of

operation.



a b
100 CoL,L, 100 FeCoL,
'S FeCoyL,L, - FeCo-L,L,,)
< 30 FeCo,L,L, © g FeCo-L,L,,
< FeCo,,L,L, < FeCo-LyLyy
é FeCo, -L,L, é FeCo-L,L, 5
>, 60F FeCo-L,L, >, 60 ——FeCo-L,L,
= = FeCo-L, 5L
g Fe, sCo-L|L, g Foc LuLS)Lz
Fe, ;Co-L,L €Co-Lip3ls
o 2.3 1 o
= 40 Fe,Co-L,L, = 4 FeCo-L, L,
E Fe,Co-L L, E FeCo-L, )L,
2 20 Fe-L,L, @ 20— FeCo-L,
B o
= === ====- = FF-=-=-=-=-=-=--
S , S ,
1.3 14 1.5 1.6 1.7 1.3 14 1.5 1.6 1.7
Potential (vs. RHE) Potential (vs. RHE)

Figure S12. LSV curves of FeCo-LiL2 with (a) different metal atom ratios and (b)

different ligand ratios.

Table S2. The comparison of electrocatalytic OER performance of FeCo-LiL2 with

other reported non-precious metal electrocatalysts tested in 1.0 M KOH.

Material Overpotential at J=  Tafel slope Reference
10 mA em? (mV) (mV dec™)

FeCo-LiL» 283.0 31.6 This work

Co-Fe/Ni@HPA- 320.0 58.0 [2]
MOF

FeCo-MNS-1.0 298.0 21.6 [3]
CoFe-PYZ(Ni) 300.0 44.0 4]
Ni-MOF@Fe-MOF 265.0 82.0 [5]
FeNi@CNF 356.0 62.6 (6]
CoFe-LDH 274.0 46.7 [7)
Nig.75Feo.2sBDC 310.0 43.7 (8]
Co-ZIF-9(1II) 380.0 55.0 (9]
WCoFeq 3-CNF 254.0 44.8 (10]
Co3;Fe—-MOF 280.0 38.0 (1]
Coo.cFeo.4-MOF-74 280.0 56.0 (2]
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