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Fig. S1 XRD patterns of Ru-P/CC and Co-P/CC.



Fig. S2 Low-magnification SEM image for RuCo-P/CC.



Fig. S3 The corresponding SEM EDS mappings for RuCo-P show the homogeneously
distributed of C (b), O (c), P (d), Ru (e) and Co (f) elements.
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Fig. S4 SEM EDS spectrum of RuCo-P/CC (Inset is the atomic content for Ru, Co, P, O

and C elements).



Fig. S5 HRTEM image (a) and corresponding SAED (b) of Co-P/CC.



15

G 01,5 2.0 25 3.0.3.5: 4
3 S Size (nm) %

Fig. S6 HRTEM image of Ru-P/CC (inset is the particle size distribution).



Fig. S7 TEM (a) and HRTEM images of commercial Pt/C.
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Fig. S8 TEM energy dispersive X-ray spectroscopy (TEM-EDS) results of RuCo/CC.



Fig. S9 (a) TEM, (b) HRTEM, (c) HAADF-STEM images, and corresponding elemental

mapping of Co (d) and Ru (e) of RuCo/CC.
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Fig. S10 P 2p XPS spectrum of Co-P/CC and Ru-P/CC.
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Fig. S11 P 2p XPS spectrum of RuCo-P(1-9)/CC (a), RuCo-P(3-7)/CC (b), RuCo-P(5-5)/CC
(c) and RuCo-P(7-3)/CC (d).
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Fig. S12 Ru 3p XPS spectrum of of Ru-P/CC, RuCo/CC and RuCo-P/CC.
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Fig. S13 (a) Ru 3d and (b) Co 2p XPS spectrum of RuCo/CC.
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Fig. S14 Ru 3p XPS spectrum of RuCo-P(1-9)/CC, RuCo-P(3-7)/CC, RuCo-P(5-5)/CC and

RuCo-P(7-3)/CC.
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Fig. S15 Ru 3d XPS spectrum of RuCo-P(1-9)/CC (a), RuCo-P(3-7)/CC (b), RuCo-P(5-
5)/CC (c) and RuCo-P(7-3)/CC (d).
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Fig. $16 Co 2p XPS spectrum of RuCo-P(1-9)/CC (a), RuCo-P(3-7)/CC (b), RuCo-P(5-

5)/CC (c) and RuCo-P(7-3)/CC (d).
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Fig. S17 (a) Polarization curves (iR-corrected) of RuCo-P(1-9)/CC, RuCo-P(3-7)/CC,
RuCo-P(5-5)/CC, RuCo-P(7-3)/CC and RuCo-P /CC in 1M KOH electrolyte, scan rate: 2
mV s1; (b) The overpotential to achieve a current density of 10 mA cm2(nig) and 50
mA cm™ (nsg) of RuCo-P(1-9)/CC, RuCo-P(3-7)/CC, RuCo-P(5-5)/CC, RuCo-P(7-3)/CC
and RuCo-P /CC; (c) The corresponding Tafel plots of RuCo-P(1-9)/CC, RuCo-P(3-7)/CC,
RuCo-P(5-5)/CC, RuCo-P(7-3)/CC and RuCo-P /CC; (d) Nyquist plots of RuCo-P(1-9)/CC,
RuCo-P(3-7)/CC, RuCo-P(5-5)/CC, RuCo-P(7-3)/CC and RuCo-P /CC.
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Fig. S18 Cyclic Voltammetry curves with various scan rate (from 20 mV s to 180 mV
s1) for CC (a), Co-P/CC (b), Ru/CC (c), RuCo-P/CC (d), Ru-P/CC (e) and RuCo-P/CC (f);
(g) the electrochemical double layer capacitance (Cq) of CC, Co-P/CC, Ru/CC, RuCo/CC,

Ru-P/CC, RuCo-P/CC.
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Fig. S19 Cyclic Voltammetry curves with various scan rate (from 20 mV s to 180 mV
s1) for RuCo-P(1-9)/CC (a), RuCo-P(3-7)/CC (b), RuCo-P(5-5)/CC (c), RuCo-P(7-3)/CC (d)
and Pt/C/CC (e); (f) the electrochemical double layer capacitance (Cy) of RuCo-P(1-

9)/CC, RuCo-P(3-7)/CC, RuCo-P(5-5)/CC, RuCo-P(7-3)/CC and Pt/C/CC.
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Fig. S20 (a) Cu UPD in 0.5 M H,S0, in the presence of 5 mM CuSO, on RuCo-P/CC. The
electrode was polarized at 0.215, 0.205, and 0.195 V for 100 s to form the UPD layers,
respectively. (b) Cu UPD in 0.5 M H,SO, in the presence of 5 mM CuSO, on Pt/C/CC.

The electrode was polarized at 0.205 V.
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Fig. S21 (a) Polarization curves (iR-corrected) and (b) Tafel slope of RuCo-P/CC in 1M
PBS solution. (c) Polarization curves (iR-corrected) and (d) Tafel slope of RuCo-P/CC in

0.5 M H,S0, solution.
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Fig. S22 Turnover frequency (TOF) value of RuCo-P/CC in 1M PBS (a) and 0.5M H,SO,
(b).
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Table S1 Summary of recently reported HER electrocatalysts grown on carbon cloth in

alkaline electrolytes.

Overpotential Tafel slope
Catalyst Electrolyte

at 10 mA cm2 (mV) (mV dec?)
RuCo-P/CC (this work) 1M KOH 4 43
CDs/Pt-PANI/CC? 1M KOH 56 58
N-Co-P/CC? 1M KOH 39 51
W-CoP NAs/CC3 1M KOH 94 63
VN@Ni;N-Ni/CC* 1M KOH 57 40
Moy »5C0g 75P/CC3 1M KOH 59 52
Ru-TA/ACC® 1M KOH 29 35
Co5S4/EC-MOF/CC? 1M KOH 84 82
Co@N-CS/N-HCP@CC?® 1M KOH 66 65
N-Co,P/CC® 1M KOH 39 58
N-NiMoO,/NiS,/CC?0 1M KOH 99 74.2
Ni-FeP/TiN/CC? 1M KOH 75 73

Pt-CoS,/CC1? 1M KOH 24 82
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Table S2 Comparison of the turnover frequency (TOF) value of recently reported HER

electrocatalysts grown on three dimensional substrates (carbon cloth/carbon

paper/Ni foam/Ti plate).

Catalyst Electrolyte TOF (H, s?)
1M KOH 1.31 at n=50 mV; 3.03 at n=100 mV
RuCo-P/CC 1M PBS 0.81 at n=50 mV

0.5M H,S0, 0.58 at n=50 mV; 2.01 at n=100 mV

Pt/C/CC 1M KOH 0.96 at n=50 mV; 2.48 at n=100 mV
VN@Ni3N-Ni/CC? 1M KOH 0.176 at n=100 mV
Nig.1Cog oP/CP13 1M PBS 0.24 at n=125mV

CoP/NisP4/CoP/Nifoam®4 | 0.5 M H,S0, 0.453 at n=75 mV; 1.22 at n=100 mV

Ru-TA/ACCS 1M KOH 0.48 at n=25 mV; 1.05 at n=50 mV
CC@N-CoP15 0.5 M H,S0, 0.0199 at n=50 mV
CU0.075C00_925P/CP16 0.5M HzSO4 0.15 at n=100 mV

Ce doped CoP/ Ti plate!” | 0.5 M H,SO, 0.36 at n=100 mV
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