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Figure S1. SEM images of (a) V, Fe-Cos 47N and (b) Cos4;N precursors. XRD spectra of (c)

Cos 47N and (d) V, Fe-Cos 47N precursors.
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Figure S2. The XRD patterns of Cos 47N, V-Cos 47N, Fe-Cos 47N and V,Fe-Cos 47N catalysts.
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Figure S3. N, adsorption-desorption isotherm curves of Cos 47N and V, Fe-Cos 47N.
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Figure S4. The EPR spectroscopy of Cos 47N, V-Cos 47N, Fe-Cos 47N, and V,Fe-Cos 47N.
The EPR spectra were performed at room temperature using a Bruker Elexsys 500 EPR
spectrometer operating at the X-band frequency (x9.491 GHz) with a field modulation
frequency of 100 kHz. The magnetic field was scanned in the range of 500—-6500 G and the
used microwave power was 0.64 mW. A powder sample of 100 mg was taken in a quartz tube
for EPR measurements. EPR spectra were measured to illustrate the presence of vacancies in

the synthesized samples.
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Figure S5. Element contents for V, Fe-Cos 47N and V, Fe-CoP
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Figure S6. The XRD patterns of Cos 47N, V-Cos 47N, Fe-Cos 47N and V, Fe-Cos 47N catalysts.
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Figure S7. (a) HER and (b) OER LSV curves of Cos4;N at different temperatures.
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Figure S8. (a) Polarization curves and (b) overpotentials of various V-Cos 47N samples
at 10 mA cm? for HER. (c) Polarization curves and (d) overpotentials of various Fe-

Cos 47N samples at 10 mA cm? for HER.
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Figure S9. CV curves (a) Cos 47N and (b) V, Fe-Cos 47N in the double layer capacitive region at
the scan rates of 10 mV s to 50 mV s for HER. (c) HER Normalized ECSA.

The electrochemical active surface area (ECSA) of the catalysts was estimated by measuring
the electrochemical double-layer capacitance (Cqy) using cyclic voltammetry (CV) curves under
a potential window of -0.97 ~ -0.91 V vs HER and 0.18 ~ 0.23 V vs OER at scanning rates of 10,
20, 30, 40 and 50 mV st in the non-Faradaic potential region. The Cgy of various catalysts were
equivalent to the linear slope, which was obtained by plotting the AJ/2 at different potential
against the scan rate. AJ/2 was calculated using the following equation:

Aj/2 = (janodic ~ Jeathodic)/2 (3)

Then, ECSA was calculated as follows:

ECSA=Cy/C, (4)

Here, C,=40 uF/cm?, according to that the specific capacitance for a flat surface was generally

found to be in the range of 20-60 puF cm.
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Figure S10. (a) Co 2p, (b) Fe 2p, and (c) V 2p XPS spectra of V, Fe-Cos 4;N before and

after the stability test.
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Figure S11. (a) Polarization curves and (b) overpotentials of various V-CoP samples at

10 mA cm? for HER. (c) Polarization curves and (d) overpotentials of various Fe-CoP

samples at 10 mA cm for HER.
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Figure S12. (a) LSV curves of V,Fe-Cos 47N before and after the HER stability test. (b)
SEM image of V,Fe-Cos 47N after stability test. (c) Fe 2p and (d) V 2p of V, Fe-Cos 47N

after HER stability test.
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Figure S13. (a) Polarization curves and (b) overpotentials of various V-Cos 47N samples
at 10 mA cm? for OER. (c) Polarization curves and (d) overpotentials of various Fe-

Cos 47N samples at 10 mA cm2 for OER.
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Figure S14. (a) Stability test for HER of V,Fe-Cos 47N electrocatalyst at current density
of 10 mA cm2. (b) LSV curves of V,Fe-Cos 47N before and after the HER stability test.
Inset is the SEM image of V,Fe-Cos 47N after stability test. (c) Fe 2p and (d) V 2p of V,

Fe-Cos 47N after HER stability test.
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Figure S15. CV curves (a) Cos 47N and (b) V,Fe-Cos 47N in the double layer capacitive region at
the scan rates of 10 mV s to 50 mV s for OER. (c) Current density as a function of scanning

rate for HER of Cos 47N and V,Fe-Cos 47N. (d) OER Normalized ECSA.
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Figure S16. (a) Polarization curves and (b) overpotentials of various V-CoP samples at 10 mA
cm? for OER. (c) Polarization curves and (d) overpotentials of various Fe-CoP samples at 10

mA cm for OER.



383
352

©
N

Co

Fe

Figure S17. Optimized structural models of the (200) plane of Cos 47N, V-Cos 47N, Fe-Cos 47N,

and V,Fe-Cos 47N.
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Figure S18. Optimized structural models of CoP, V-CoP, Fe-CoP, and V,Fe-CoP.
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Figure $19. The structural model of *OOH adsorption on (a) Cos 47N, (b) V,Fe-Cos 47N, (c) CoP,

and (d) V,Fe-CoP (down).
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Figure S20. LSV curves of bifunctional (a) Cos 4;N-based and (b) CoP-based OWS devices.



