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Figure S1. (a) XRD patterns of as-synthesized ZIE-8, ZIF-67, ZnCo-ZIF, and simulated
ZIF-67; (b) XRD patterns of Ru-pCo@NC-1, Ru-pCo@NC, Ru-pCo@NC-2, and Ru-
pCo@NC-3.
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Figure S2. (a-c) SEM images of as-synthesized ZIF-8, ZIF-67 and ZnCo-ZIF with
Zn/Co molar ratio of 7:3, respectively; (d-f) SEM images of their pyrolysis products
NC, Co@NC and pCo@NC, respectively.
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Figure S3. (a) XPS survey spectra of pCo@NC and Ru-pCo@NC, (b) high-resolution
Zn 2p spectrum and (c) high-resolution Co 2p spectrum of Ru-pCo@NC.
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Figure S4. (a) N2 adsorption/desorption isotherms and pore size distributions (insert)
and (b) Raman spectra of Co@NC and pCo@NC.
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Figure S5. LSV curves of of Ru-pCo@NC-1, Ru-pCo@NC, Ru-pCo@NC-2, and Ru-
pCo@NC-3 in 1 M KOH.
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Figure S6. (a) Tafel plots and (b) Nyquist plots of Ru-pCo@NC-1, Ru-pCo@NC, Ru-
pCo@NC-2, and Ru-pCo@NC-3 in 1 M KOH.
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Figure S7. Cyclic voltammetry (CV) curves of (a) Co@NC, (b) pCo@NC and (c) Ru-
pCo@NC from 0.1 to 0.3 V (vs. RHE) with scan rate from 20 to 100 mV s in 1 M KOH,
respectively.



Figure S8. (a) TEM image, (b) HRTEM image, and (c) HAADF-STEM and
corresponding EDX elemental mapping images of Ru-pCo@NC used after
chronoamperometric measurements.
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Figure S9. The electrochemical performance of the as-prepared catalysts in 0.5 M
H2SOs. (a) iR-corrected LSV curves and (b) corresponding Tafel plots of Co@NC,
pCo@NC, Ru-pCo@NC and 20 wt % Pt/C; (c) Nyquist plot of Ru-pCo@NC with the
frequency range of 0.01 Hz to 10° Hz at an amplitude of 5 mV; (d) Comparison of long-
term durability for Ru-pCo@NC and 20 wt% Pt/C by chronoamperometry test.



Table S1. Comparison of Ru-based electrocatalysts towards HER in alkaline

electrolyte.
Overpotential
Tafel slope
Catalysts Electrolyte @10 mA cm™ Reference
(mV dec™)
(mV)
Ru-pCo@NC 1M KOH 30 32.1 This work
RuO2/F-
1 M KOH 49 31 [1]
grephene
RuO:@C 1 M KOH 35 46 [2]
Ru/CsNa/C 0.1 M KOH 79 ~71 [3]
Ru NP/C 1M KOH 52 33 (4]
RuP@NPC 1M KOH 52 69 [5]
RuzNi2 SNs/C 1 M KOH 40 23.7 [6]
Ru@Co-NC 1 M KOH 23 58.1 [7]
Ru/Cu-doped
1M KOH 41 51 [8]
RuO2)
1D-RuO>-CN: 0.5 M KOH 95 70 [9]
Ni@Ni:P-Ru 1 M KOH 31 41 [10]




Table S2. Comparison of structure features for Co@NC and pCo@NC.

BET Surface  Total Pore Volume Average Pore Size

Samples
Area (m?/g) (cm?/g) (nm)
Co@NC 132.5 0.259 3.91
pCo@NC 428.2 0.517 241
Ru-pCo@NC 411.3 0.459 2.23

Table S3. Comparison of the HER performance of Ru-pCo@NC with reported
electrocatalysts in acidic electrolyte.

Overpotential
Tafel slope
Catalysts Electrolyte @10 mA cm™ Reference
(mV dec™)
(mV)
Ru-pCo@NC 0.5 M H2S0s 64 69.5 This work
Ru@Co-NC 0.5 M H2SOs 110 102.5 (7]
1D-RuO2-CNix 0.5M H2S0s 93 40 [9]
Ru/CsN4/C 0.5 M H2SOs ~75 ~50 [3]
Ru-SA/TisC.Tx 0.1 M HCIOs 70 27.7 [11]
Mo:C-IOL 0.5M H2S0s 117 60 [12]
CoP/CC 0.5M H2SOs 67 51 [13]
NiCo2P:/CF 0.5M H2S0s 104 59.6 [14]

Fe-doped CoP/Ti 0.5 M H2SO4 78 75 [15]
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