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Supporting Information

Experiment Section

Materials characterizations. X-ray diffraction (XRD) was used to characterize the
crystallographic information and interlayer spacing of all catalysts on the X'Pert PRO
MPD instrument with a scanning rate of 5° min-1 and a 20 range of 3-95°. Scanning
electron microscopy (SEM) images were used to characterize the morphology and
nanostructures of all catalysts on the Hitachi S-4800 instrument. The morphology and
elemental distribution of the catalyst were characterized by transmission electron
microscopy (TEM) and the corresponding elemental energy dispersive X-rays (EDX)
elemental mapping on a JEM-F200 instrument with an acceleration voltage of 20 kV.
X-ray photoelectron spectroscopy (XPS) was used to study the valence state of the
catalyst using AXIS SUPRA at 15 mA and 14 kV monochromatic A1 Ka sources.
Electrochemical measurements. All electrochemical tests were performed at the
Gamry Reference 3000 electrochemical station, and a three-electrode system was set
up in 1.0 M KOH for testing. The saturated calomel electrode (SCE) and graphite
electrode were used as reference electrodes and counter electrodes, respectively. The
working electrode was the synthetic catalyst for this load. The carbon paper was
ultrasonically treated with ethanol and deionized water three times before use. In this
work, all measured potentials are regulated by a reversible hydrogen electrode (RHE),
calculated by the correlation formula E (RHE) = E (SCE) + 0.24 V+0.0592*pH. All
electrochemical properties were tested by linear sweep voltammetry (LSV), and the
LSV data curve was obtained at a scan rate of 5 mV s!. To test the charge transfer
rate of the catalyst, electrochemical impedance spectroscopy (EIS) measurements
were performed in the frequency window range of 0.1 ~ 100 kHz, and voltages of-
1.219 V and 0.5 V were applied to the HER and OER tests, respectively. The cyclic
voltammetry (CV) test was measured in the non-Faraday part. In this work, the
scanning speed of the CV was set to 40 to 200 mV s-!. The long-term stability test was

performed by the chronoamperometry i-t method.




Supporting Figures and Tables

Fig. S1 TEM images of FeCo-LDH
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Fig. S2 (a) Co 2p, (b) Fe 2p, and (c) O 1s XPS spectra of FeCo-LDH.
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Fig.S3 (a) Size distribution diagram of Ru NPs on FeCo-LDH nanosheets. (b) Size distribution
diagram of Ru NPs on FeCoP nanosheets.




Fig. S4 TEM images of FeCoP.
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Fig. S5 (a) Co 2p, (b) Fe 2p, (c) Ru 3p, (d) O 1s, and (e) P 2p XPS spectra of r-Ru/FeCoP,
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Fig. S6 TEM images of Ru/FeCoP.
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Fig.S7 (a) mass activity of r-Ru/FeCoP and Pt/C for HER in 1.0 M KOH. (b) mass activity of r-
Ru/FeCoP and RuO2 for OER in 1.0 M KOH.
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Fig. S8 Cyclic voltammograms of (a) r-Ru/FeCoP, (b) r-Ru/FeCo-LDH, (c) Ru/FeCoP, (d) FeCoP,

(e) r-Ru/FeCoP-1h, (f) r- Ru/FeCoP-3h at 1.26-1.38 V vs RHE at 40-200 mV s’! scan rate.
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Fig. S9 Cyclic voltammograms of (a) r-Ru/FeCoP, (b) r-Ru/FeCo-LDH, (c) Ru/FeCoP, (d) FeCoP,

(e) r-Ru/FeCoP-1h, (f) r- Ru/FeCoP-3h at 1.16-1.30 V vs RHE at 40-200 mV s’! scan rate.




Fig. S10 SEM images of r-Ru/FeCoP after HER reaction.
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Fig. S11 (a) Co 2p, (b) Fe 2p, (c) Ru 3p, (d) O 1s, and (e) P 2p XPS spectra of r-Ru/FeCoP after

HER reaction.




Fig. S12 SEM images of r-Ru/FeCoP after OER reaction.
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Fig. S13 (a) Co 2p, (b) Fe 2p, (c) Ru 3p, (d) O 1s, and (e) P 2p XPS spectra of r-Ru/FeCoP after

OER reaction.
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Fig. S14 In situ Raman spectra of r-Ru/FeCoP.
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Fig. S15 (a, b) TEM images of r-Ru/FeCoP-1h. (c, d) TEM images of r-Ru/FeCoP-3h.
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Fig. S16 HER is manifested in 1.0 M KOH. (a) The HER polarization curves of r-Ru/FeCoP, r-
Ru/FeCoP-1h, r-Ru/FeCoP-3h in 1.0 M KOH. (b) 19, N100, N500 OVerpotential comparison. (c) Tafel
plots of r-Ru/FeCoP, r-Ru/FeCoP-1h, r-Ru/FeCoP-3h. (d) Nyquist plots of r-Ru/FeCoP, r-
Ru/FeCoP-1h, r-Ru/FeCoP-3h. (e) The curves of the scanning rate of r-Ru/FeCoP, r-Ru/FeCoP-1h,

and r-Ru/FeCoP-3h with capacitance current are shown.
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Fig. S17 OER is manifested in 1.0 M KOH. (a) The HER polarization curves of r-Ru/FeCoP, r-
Ru/FeCoP-1h, r-Ru/FeCoP-3h in 1.0 M KOH. (b) 119, M100, N500 OVerpotential comparison. (c) Tafel
plots of r-Ru/FeCoP, r-Ru/FeCoP-1h, r-Ru/FeCoP-3h. (d) Nyquist plots of r-Ru/FeCoP, r-
Ru/FeCoP-1h, r-Ru/FeCoP-3h. (e) The curves of the scanning rate of r-Ru/FeCoP, r-Ru/FeCoP-1h,

and r-Ru/FeCoP-3h with capacitance current are shown.
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Fig. S18 The total water decomposition diagrams of r-Ru/FeCoP-1h, r-Ru/FeCoP-3h and r-

Ru/FeCoP were obtained.




Table S1. The content of Ru element in r-Ru/FeCoP and Ru/FeCoP catalysts obtained by ICP was

analyzed.

Electrocatalysts Ru content (wt %)

Ru/FeCoP 1.202

r-Ru/FeCoP 2.35




Table S2. The fitted R, value of r-Ru/FeCoP catalyst and other comparative

samples for HER and OER.
Electrocatalysts R for HER (Q) R, for OER (Q)
r-Ru/FeCoP 2.04 2.63
r-Ru/FeCo-LDH 9.82 3.33
Ru/FeCoP 16.82 4.03

FeCoP 38.82 9.83




Table S3. The HER properties of r-Ru/FeCoP at 10 mA c¢cm 2 were compared with those of other

works of literature.

Electrocatalysts N1o (mv) Reference

r-Ru/FeCoP 35.6 This work
Ruw/HNCS 39 S1
Ru-Co;04 39 S2
Ru-G/CC 40 S3
Ru,Ni, SNs/C 40 S4.
Ru/PNC 40 S5
a-Ru@Co-DHC 40 S6
Pdy 24Cug29Rug 47/C 40.7 S7
Ru-CoP/CC 44 S8
Ru-Si 44 S9
Ru-CN-rGO 45 S10
Ru@N/S/Ti02/rGO 50 S11
RuMo/CNT 50 S12
Ru-MoO, 51 S13
Ru@?2H-MoS, 51 S14
Ru/CoO 55 S15
RuSx/S-GO 58 S16
Ru-HPC 61.6 S17
RuM-C (M=V, Mo, 65.78 S18

W, Zn, Cu)

2D-MoO,/Ru/NC 68 S19
0.5RuCu-GN1000 68 S20
N-RuS,/Ru 76 S21
Ru/C;N4/C 79 S22
CuyxS@RuNPs 82 S23

Ru/Y(OH);NHs 100 S24




SrRuO; 110 S25
Ru/C 114 S26

Ru@COF-1 200 S27




Table S4. The OER properties of r-Ru/FeCoP at 10 mA c¢cm? were compared with those of other

works of literature.

Electrocatalysts Nio (mv) Reference

r-Ru/FeCoP 276 This work
Ru-Ni3S; 330 S28
Ru@CN 330 S29
Ru/Ru0,-Mo00,-600 333 S30
Ru/N-BP2000 337 S31
Co/RuSAs-N-C 338 S32
Nij »sRug 75P 340 S33
Ru-FeRu@C/NC 345 S34
Ru-NiFeLDH 346 S35
1-Ru0,/CeO, 350 S36
Ru@C,N 350 S37
Ru,Ni,SNs 357 S38
0.4-Ru@NG-750 372 S39
RuPbOx 390 S40
Ru@NG-4 400 S41
Pts;RusoNig 400 S42
NiRuO 410 S43
Ru%/CeO, 420 S44
RuSAs-N-C 432 S45
Ru/C-TiO, 440 S46
Ni/Ru=0.85 457 S47
Ni/Ru=0.36 504 S47
La,0;-Gra 570 S48
RuO,-Mo0O, 540 S48
Ru/C 547 S26

Ni/Ru=0.19 570 S47




Ru-MoO, 570 S13

RuCo@NC-600 660 549




Table S5. The content of Ru element in r-Ru/FeCoP and after HER obtained by ICP

was analyzed.

Electrocatalysts Ru content (wt %)

r-Ru/FeCoP 2.35
r-Ru/FeCoP after HER 2.32




Table S6. Comparison of the potentials of r-Ru/FeCoPlr-Ru/FeCoP two-electrode and recently

reported TMNs two-electrode for overall water splitting at 10 mA ¢cm2 in 1.0 M KOH solution.

Electrocatalysts Nio (V) References

r-Ru/FeCoPlr-Ru/FeCoP 1.53 This work
Ru-NiSe,/NFIRu-NiSe,/NF 1.537 S50
Ru-RuO,/MnlRu-RuO,/Mn 1.54 S51
Co-RuO, NWslCo-RuO, NWs 1.54 S52
Ni;N/Ru/NCACINi;N/Ru/NCAC 1.55 S53
NiO@RuINiO@Ru 1.55 S54
RuP/CoNiP40O,IRuP/CoNiP,0O, 1.56 S55
Ru@BS-5IRu@BS-5 1.56 S56
Ru-SA/Ti;C,TxIRu-SA/Ti3C,Tx 1.56 S57
CoFeRu@ClCoFeRu@C 1.59 S58
Pt-C/NF//RuO,/NFIPt-C/NF//RuO,/NF 1.64 S59
Ru0,/C0304IRu0,/Co504 1.645 S60

Ru-FeCoPIRu-FeCoP 1.65 S61




Table S7. The ICP result of Ru element in r-Ru/FeCoP-1h and r-Ru/FeCoP-3h

catalysts obtained by ICP was analyzed.

Electrocatalysts Ru content (wt %)

r-Ru/FeCoP-1h 1.82
r-Ru/FeCoP-3h 2.81
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